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ABSTRACT

THE USE OF SOIL AND PETIOLE TESTS FOR DETECTING RESIDUAL
NITROGEN AND FOR PREDICTING RESPONSES OF SUGAR
BEETS (Beta wvulgaris) TO NITROGEN
FERTILIZATION

By

Edward Charles Varsa

The usefulness of several nitrogen soil tests for pre-
dicting the nitrogen fertilizer needs of sugar beets was in-
vestigated. During the two-year field and laboratory study,
the nitrogen status of the soil at six locations was charac-
terizgd after basic nitrogen applications of 45 to 540 kg/ha
on the crop preceding sugar beets. Four tests for measuring
the nitrogen supplying power of soils were investigated:
mineral N, aerobic incubation released N, hot water extract-
able N, and autoclaving released N. Soil tests and responses
of sugar beets were evaluated by analysis of variance associ-
ated with location, the previous year's N applications, and
the N applied the current year (0 to 135 kg/ha). Relation-
ships of numbers and yields of beets, percent sucrose, per-
cent clear juice purity, extractable sugar per ton, beet im-
purities, and total and recoverable sugar yields to nitrogen

1



s0il tests

mltiple ¢
Carr
sulted in i
Previous N
ity, and ey
Nt of fey
ble Sugar
CIP preceg
Miner
il for pre
tors but no
"jor diffe
ces Pr
ticy in bee

s oy o)



Edward Charles Varsa

soil tests and petiole analyses were evaluated by simple and
multiple correlation and regression techniques.

Carryover effects of N applied to the previous crop re-
sulted in increasing yields of beets over the entire range of
previous N application. However, percent sucrose, juice pur-
ity, and extractability of sugar were reduced by each incre-
ment of fertilizer N, resulting in sharply reduced recover-
able sugar yields when more than 180 kg/ha was applied to the
crop preceding sugar beets.

Mineral N in the plow layer in fall or spring was use-
ful for predicting adverse carryover effects on quality fac-
tors but not for predicting major variation in yield of beets.

Major differences in beet yields were associated with differ-
ences in productivity from farm to farm. Farm-to-farm varia-
tion in beet yields was usefully related to each of the three
tests for organic N release.

In regression models designed to differentiate responses
to the different sources of N, sugar beets were found to dis-
tinguish between fertilizer N applied in the current year and
mineral N in spring soil samples but not in samples taken the
Previous fall. Maximum yields of recoverable sugar were oOb-
tained where soil mineral N in the spring was low and the in-

dex of organic N release was high. Extreme reductions in
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sugar yields occurred when a high organic index was combined
with a mineral N test greater than 45 kg/ha. At lower levels
of mineral and organic N, increasing yields of recoverable
sugar were associated with increases in either test. The re-
sponse to current fertilizer N was linear and negative: re-
coverable sugar was reduced 3.42 kg for each kilogram of N
applied to beets in the current year.

Petiole-N analyses reflected both current and residual
applications of fertilizer N. They were as useful in pre-
dicting the sucrose content, juice purity parameters, and ex-

tractability of sugar as were the mineral N soil tests.
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INTRODUCTION

Sugar beets are an important cash crop in the Saginaw
valley area of Michigan. Being a higher value crop than
most others grown in the area, per acre economic inputs like-
wise assume greater magnitudes. In an effort to insure that
no fertility factor is limiting in the production of beets,
growers frequently use greater-than-recommended amounts of
fertilizers. The presence of an oversupply, particularly of
nitrogen (N), has resulted in a net decrease in the quantity
of recoverable sugar produced per acre. Excessive N is par-
ticularly undesirable because it reduces sucrose content and
increases soluble impurities which interfere with the ex-
tractability of sugar from juice. The grower is frequently
unaware of this phenomenon because his returns are based pri-
marily on the tonnage produced and because yields in most
cases are not deleteriously affected by nutrient oversupplies.

In recent years nearly 75 percent of the beet crop has
been stored in piles prior to processing. During storage
Substantial changes occur in the processing quality of beets.
As a rule of thumb, one pound of sugar is lost per ton of
beets per day of storage prior to processing (Hansen 1949).

1
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2
The importance of the soil mineral nutrition to the beet
crop in relation to storage characteristics has not been
thoroughly studied. However, it is well-known that beets
with higher sucrose and purity contents store with fewer
subsequent processing problems than beets of lower quality.

Sugar beet quality is a general term intended to de-
scribe the relative processing characteristics of beets or
the ease and completeness of sucrose recovery from the raw
product. Therefore, the importance of so0oil mineral nutri-
tion to the beet crop is apparent at harvest and after pro-
longed storage.

In efforts to produce a higher yielding and quality
crop, agronomists have use of soil tests that quite accurate-
ly predict the phosphorous and potassium status of the soil.
Correlations have been worked out so that the amounts which
should be applied to a sugar beet field with a given soil
test can be predicted. Similarly, the micronutrient require-
ments have been well defined, and the amounts necessary to
adequately meet crop needs have been set forth. For nitro-
gen, however, there is no widely accepted or routinely used
soil test that correlates well with the yield or quality of
the crop.

It was the main objective of a previous study (Gascho,

1968) to evaluate several N soil tests in terms of their
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ability to quantify forms of N in the soil which relate to
the yield and quality of sugar beets. The objective of the
present research has been to evaluate the previously studied
N soil tests in greater detail and to examine others describ-
ed more recently in the literature. Intercorrelations of

the N soil tests, and of other soil and plant measurements,
with sugar beet yield and quality factors have been evalu-

ated.
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LITERATURE REVIEW

Nitrogen and the Response of Sugar Beets

Nitrogen is an essential element for successful crop
production. It is especially necessary for the early, rapid
growth of sugar beets. The early development of a full can-
opy of foliage lengthens the time for effective use of the
leaves for photosynthesis, thereby increasing sugar yields
(stout, 1961).

Viets (1965) found that too much N gives rise to ex-
cessive foliage. Self-shading reduces the photosynthetic
effectiveness of the older leaves. Excessive production of
new leaves consumes sugar which might otherwise be stored in
the roots. Furthermore, excessive N late in the season pro-
motes accumulations of free amino acids, sodium (Na), and
potassium (K), which interfere with sugar extraction.

During the last two decades, there has been a tremen-
dous increase in the amount of fertilizer N applied to crops
in rotation. Frequently, considerable N is carried over
from the preceding crop. Beet growers very often neglect
this "residual” contribution entirely when planning their

fertility programs.
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Concomitant with increased N fertilizer usage has been
a decline in the sucrose content and extractability of sugar
from beets. As early as 1912, Headden (1912) showed a nega-
tive relationship between nitrate (NO3) uptake and sucrose
content. Other reports have presented data which illustrate
that excessive N tends to lower sucrose content of the beet
roots (Baldwin and Davis, 1966; Schmehl, Finker, and Swink,
1963).

The response of beet yields to N fertilization is
quite variable. Most studies indicate a tonnage increase
due to N up to rates of 100 to 150 pounds per acre. Above
these rates, response is essentially negligible.

More recently, there has been increased interest in
the relationship between N and clear juice purity of beet
roots. Snyder (1967) reported a decrease in juice purity
with increasing rates of N. In a Canadian study, Baldwin
and Stevenson (1969) showed a gradual clear juice purity re-
duction from 94.7 to 93.3% when rates of 0 to 210 pounds per
acre of N were applied.

Because the purity of the beet juice has such a domi-
nant effect on the amount of sugar extracted from beets,
there is great interest in examining the components of im-
purity to determine their abundance and effects on extract-

ability. The method of Carruthers and 0ldfield (1961) for
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6
determining clear juice purity was found to be very highly
correlated with the purity of juice in the factory after two
carbonations (called "thin juice"). They reported that about
70% of the juice impurities consisted of K and Na salts, free
amino acids, and betaine. Carruthers, Oldfield, and Teague
(1962) derived a relationship (K X 2.5, Na X 3.5, and Amino N
X 10) which apportioned the contributions of these individual
impurity components with respect to their total effect.
These arbitrary factors are based on the approximate molecu-
lar weights of these impurities as they are found and calcu-
lated in the thin juice. Dexter, Frakes, and Nichol (1966),
using these relationships, concluded that about 1.5 pounds
of sugar are lost into molasses for each pound of impurities
in the thin juice.

The amino acids in peptides or proteins are almost en-
tirely removed in the juice purification, whereas the free
amino acids carry into the thin juice. Carruthers and 01l4-
field (1961) state that about one-half of the N in purified
juice originates as amino acids, with 50 to 80 percent of
this from glutamine. Nitrogen as nitrate (NO3) and betaine
make up some of the remainder, but a considerable amount of
the total N (approximately 25%) is unaccounted for.

Payne, Hecker, and Maag (1969) studied nitrogenous com-

ponents in thin juice in relation to N fertilization and beet
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varieties. They reported that N fertilization was more im-
portant than genotype in causing differences in amino acid
content. Glutamic and then aspartic were the two most abun-
dant amino acids in the thin juice. They also reported that
NO3-N accounted for only 3.5 to 7.5 percent of the total N

in thin juice, but without exception the proportion of total
N contributed by NO3 increased with N fertilization. Betaine
content seemed to be unaffected by N fertilization but appear-
ed more related to genotype.

With increasing N fertilization, Dexter, Frakes, and
Wyse (1970) reported that NO4 and chloride (Cl) as well as
amino N, K, and Na tend to accumulate in the clarified juice.
1f NO5 is abundantly present in the soil late in the growing
season, the uptake of this mineral anion will lead to in-
creased cation uptake since an electrolytic balance must be
maintained in the plant. Excess accumulations of cations or
anions, greater than required for "effective alkalinity" in
factory thin juice, result in greater loss of sugar into mo-
lasses.

The relationship between yield and quality in the re-
sponses of sugar beets to N is variable. Stout (1961), in a
field survey, reported a general negative correlation between
yield and beet quality. However, many farms did not show

this relationship. Frequently, farms with high yields also
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8
produced beets far above average in sugar content. He sur-
mised that high yields, sucrose content, and purity are com-
patible but the factors responsible for their simultaneous

occurrence are not clearly evident.

Measurements of Soil Nitrogen Availability

Field and greenhouse experiments are probably the most
direct and accurate methods for determination of the N needs
of crops. However, such methods are laborious and time con-
suming. Interest in a rapid laboratory test for available
soil N is manifested by the large number of published re-
search papers.

Estimations of the availability of soil N for plant
uptake and growth are commonly divided into two broad cate-
gories, biological and chemical. Each category may be sub-
divided further into categories which reflect the form or
forms of N determined, or differences in incubation or ex-
traction procedures or in reagents employed. In general, N
indexes, whether determined biologically or chemically, pur-
port to measure the potential of the soil to supply N from
the organic N reserves (Stanford and Legg, 1968). Actually
some unknown proportion of the total potentially mineraliz-
able N is measured. Thus, all methods are empirical. The
success of any index is measured by its utility in predicting

relative differences in N supplying power of soils in
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correlation experiments with crops grown in the field or
greenhouse.

Biological and chemical methods proposed prior to 1964
are discussed in several excellent reviews (Allison, 1965;
Attoe, 1964; Bremner, 1965; and Harmsen and VanSchreven,
1955). Gascho (1968) and, most recently, Belo (1970) have
thoroughly reviewed the current literature on soil N avail-
ability indexes.

Each of the proposed indexes is based on certain as-
sumptions regarding the chemical and biological properties
of probable nitrogen sources in the soil. Most assume that
the principal seasonal contribution from soil sources comes
from some labile fraction of organic nitrogen. Mineral forms
(NH4, NO3) are frequently ignored since the quantities pre-
sent vary extremely with the season of the year and with cli-
matic conditions. However, recent studies by Gascho (1968)
and by James and others (1968) have shown yield of beets and
recoverable sugar to be related significantly to mineral N in
the soil at the beginning of the season or during critical

periods of growth.

Statistical Models for Evaluating Crop Responses
The statistical model used to describe crop responses
is as important in the development of a useful soil test as

is the soil model or concept used in selecting the test
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itself. Simple correlations are of limited value since they
imply a linear response which is not characteristic for bio-
logical systems. The percentage yield concept has been wide-
ly used for calibrating soil tests for immobile nutrients
(P and K) in terms of fertilizer requirement (Black, 1968).
It has not proven appropriate for describing responses to N.

The simplest statistical model for approximating the
curvilinear response of a crop parameter to a given soil or

fertilizer parameter is a quadratic function:
Y = a + bX + cx? (Eq. 1)

Here X may be a given soil test or quantity of ferti-
lizer nutrient. Y may be the actual value for a crop param-
eter, as yield or percent sucrose. Or Y may be the change in
yield or percent sucrose resulting from a fertilizer input
associated with a soil test X. In either case, ? is the pre-
dicted value for Y at any selected value of X, as determined
by a regression line for which the constants a, b, and c
were estimated to give a minimum value for the sum of the
squared deviations between Y observed and 9 (Snedecor, 1956).

If X in Equation 1 is in fact the principle factor con-
trolling variation in Y, the constants b and ¢ will be asso-
ciated with highly significant partial correlation coeffi-

cients for Y and X and/or Y and x2, and values approaching
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1.0 will be obtained for the multiple correlation coefficient
(R) and for the coefficient of multiple determination (Rz).

Variation in biological materials is rarely under the
control of a single measurable soil or environmental param-
eter. In the case of N soil test correlations, it is fre-
quently found that overall accountability is enhanced by con-
sidering two or more forms of N as independent variables in
a polynomial function. For example, the effect of soil min-
eral N (Xl) and of N made available from organic sources (X2)
on response to fertilizer N (Y) might be described by the

following:
? =Db + b,X, + Db X2 + byX5 + b x2 + bX.X (E 2)
o 11 2% 382 422 54142 q.

Here, the least squares regression coefficients, bl and
b2, describe a quadratic response to soil mineral N; b3 and
b4 describe a quadratic response to organic N estimated by
some availability index, Xy: and b5 allows for the expression
of an interaction between the two forms of N. The extent to
which any individual term in Equation 2 contributes to vari-
ation in Y can be estimated from the reduction in R2 which
results when that term is dropped out of the least squares
solution. Even though the contribution is small, it may be
significantly different than zero, a hypothesis which may be

tested by an appropriate F-test or t-test of the regression
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coefficient (Michigan State University Agricultural Experi-
ment Station STAT Series Description Numbers 7 and 8, 1969).

Frequently, the assumption is made that fertilizer N
has the same effect on plant response as does an equal amount
of soil mineral N, and that these two N sources are, therefore,
additive (Soper and Haung, 1963). An appropriate model for
testing this assumption has the form of Equation 2, in which
Xy 1is now defined as the sum of fertilizer N plus soil min-
eral N; X5 is again some index of organic N availability; and
the dependent variable (Y) is the actual yield or other crop
pParameter.

Using a polynomial of the form of Equation 2 (without
the interaction term) as their basic model, Reuss and Geist

(1970) derived a model of the form:

T = By + By (X; +&X;) + By(X; + a{xz)2 (Eq. 3)
where: X, = fertilizer N + soil mineral N
X2 = some index of organic N release
Y = any crop parameter functionally related to
N supply
B, B B, are coefficients

o 1’ 2

« represents the fraction of x2 released during

the growing season.

Alpha (4) may be evaluated in several ways using
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reiterative procedures. One method would be to select a se-
ries of values with sufficient range such that the actual
value would be expected to lie between the extremes selected.
Equation 3 is then fitted to field data by the least squares
method assuming each value of . The coefficients of deter-
mination (Rz) may then be plotted as a function of & and
the value of o at which R2 reaches a maximum is selected as
the best estimate. Alternatively, o could be approximated
by plotting standard error of estimate as a function of as-
sumed & values. In this case the minimum standard error
would correspond to the best estimate of «.

R2 for Equation 3 can never exceed the R2 for the bas-
ic function. However, the minimum standard error of esti-
mate at the optinum « value may be lower because degrees of
freedom for error (n-3) are greater than for the basic func-
tion (n-5).

A different value for &« will be obtained for each in-
dex of organic N used. The authors state that & must be
reasonably constant from year to year in order to be useful
for prediction purposes.

It may be desirable in certain situations to consider
fertilizer N as a separate independent variable. For exam-

pPle, to the extent that mineral N in the soil is a product

of mineralization rather than carry-over, it may itself
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represent an index of organic N release. As such, it will re-
flect the soil's capacity for continuing release rather than
a fixed input as is implied when fertilizer N and soil miner-
al N are combined in a single term (Gascho, 1968). On the
other hand, fertilizer N may influence mineralization pro-
cesses and an interaction term may be needed to allow for
expression of this effect (Reuss and Geist, 1970).

Cady and Laird (1969) have investigated bias error in
relation to prediction equations. Bias error occurs when
the fitted or postulated model is not equal to the true
functional relationship between the dependent variable and
the independent variable(s). The larger the deviation, the
larger will be bias error. 1In most cases an experimentor
does not know the true functional relationship of his experi-
mental parameters. His only alternative is to use function-
al relationships which give the lowest deviations from regres-
sion. As an example, if a relationship is thought to be ex-
pressed in a quadratic form, Cady and Laird would manipulate
the exponents (as fractions) on the first and second order
terms such that lack-of-fit sums of squares would be a mini-
mum. Although this procedure for fitting various postulated
models on a lack-of-fit basis is attractive, the authors cau-
tion that the necessary statistical theory on the method has

not been developed and confirmed.
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MATERTALS AND METHODS

Field Experiments

Location, plot size, and design

In the spring of 1968, six commercial farm locations
were selected in the Saginaw valley and "thumb" area of Mich-
igan for N fertility experiments on sugar beets (see Table 1).
Fields were selected to give a range of soil fertility and
management conditions, and the crops grown in 1968 would be
followed by sugar beets in 1969. Sites, about one acre in
each field, were chosen where soil variability appeared to be
at a minimum and where there would be the least disruption of
the cooperators' normal farming operations. White pea (navy)
beans were grown at Farms 1, 2, and 3 and corn for grain at
the other three locations. The size of individual experi-
mental units in 1968 was sufficiently large so that quarter-
ing into 4 or 6 row subplots of sugar beets in 1969 could be
achieved. For statistical purposes the quartered unit of
1968 became the experimental sub-unit for sugar beets in
1969. The experiment, basically the same at all six farms,
was replicated three times at each location and may be cate-
gorized as a randomized complete block design with split

15
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plots. The layout of a typical block is shown in Figure 1.

N treatments, application, and sugar beet planting

Since the corn and navy beans in 1968 had been planted
before the locations were selected, N was added supplemental-
ly to the growing crops in amounts totaling 40, 80, 160, 240,
and 480 pounds per acre (45, 90, 180, 270, and 540 kg/ha).
The N, as ammonium nitrate, was applied by hand between the
rows and was worked into the soil as the farmer cultivated
the field.

In 1969, a per hectare fertilizer application of 49 to
59 kilograms of P and 93 to 112 kilograms of K (500 to 600
pounds per acre of 0-20-20 on the basis of N—P205—K20) was
banded by the farmer cooperator at the time of beet planting.
Row spacing was 28 inches (71 cm) except for Farm 4 where it
was 30 inches (76 cm). The dates of planting ranged from
April 30 to May 16. About four weeks after the beets were
planted, N, as ammonium nitrate, was applied at rates of O,
40, 80, and 120 pounds per acre (0, 45, 90, and 135 kg/ha)
over each 1968 residual N level. Micronutrients were applied
at uniform rates over all plots. Manganese, as manganese
sulfate, and boron, as sodium tetraborate, was mixed with the
N treatments and applied at rates of 15 and 5 pounds per acre
(16.8 and 5.6 kg/ha), respectively. A modified belt applica-

tor owned by Michigan Sugar Company, Saginaw, was used to



el A ~ 4N J




18

‘6961 Ut s3jofd-qns uo pue g96T Ut s3jold
utew uo patidde (21de/ql) N ISZF[T3IXaF Burmoys 3nodel }o0Tq TedFdAL 1 @2anbrd

+00¢€

Or 091 08ty 08 O0b2 N



19
apply the treatments. Placement of the N fertilizer was in
a band approximately 3 inches (7.6 cm) to the side of the row
and 3 inches below the soil surface. Hand thinning and weed-

ing was done when appropriate.

Soil sampling

Soil samples of the plow layer were taken at three per-
iods prior to sugar beet planting, late July - early August
(Summer) 1968, October (Fall) 1968, and April (Spring) 1969.
After the beets were planted, one final plow layer sampling
was made in late July - early August (Summer) 1969.

From each plot at least 20 soil-probe cores were ran-
domly collected. Samples were pressed with gloved-hand
through a 4-mesh screen and then finally an 8-mesh screen.

A subsample of the screened soil was placed in a l-pint ice
cream carton and sealed for transporting to East Lansing.
Each pint sample was spread thinly in a heavy 20-pound paper
bag lying on its side to air dry at 25 to 40C. After the
three or four days required for thorough drying, a 4-ounce
glass bottle was filled with an aliquot of each sample and
tightly closed with a screw cap to await N analysis. The re-
mainder of each soil sample was returned to the pint contain-
er to be used later for the determination of soil pH, phos-
phorus (P), potassium (K), calcium (Ca), and magnesium (Mg).

Soil samples at 6-inch incremented depths to 60 inches
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20
were taken on selected plots in August 1969. Plots selected
were those that received 40 or 480 pounds per acre of N in
1968, and 80 pounds per acre in 1969. Only Blocks I and III
at Farms 1 and 6 were sampled. Each incremented sampling
was made with a bucket auger, and the soil was sieved and
dried in the manner described for the surface samples.

Leaf petiole sampling and the determination of nitrate by a
quick test method

A sample comprising 30 leaf petioles was taken randomly
from the central rows of each sugar beet plot at the time of
the summer soil sampling (late July - early August, 1969).
Only the youngest mature leaves were taken. The leaf blades
were removed, and 20 petioles were placed into marked, per-
forated paper bags. Upon returning to East Lansing, the sam-
Ples were placed in a forced air oven at 60C for complete
drying. They were then ground in a Wiley mill to pass through
a 40-mesh screen.

The ten remaining petioles collected at sampling time
were used in the field for a quick test determination of NOj.
Each petiole was cut diagonally with a sharp knife. A drop
or two of 0.2% diphenylamine in concentrated sulfuric acid
was placed on each exposed cross section. The intensity of
blue color and the rate of its development were used to rate

each petiole on a six-point visual scale. Visual ratings of
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"zero", "very low", "low", "medium", "high", and "very high"
were converted to an exponential numerical scale: 0, 1, 2,
4, 8, and 16, respectively. These numerical values for 10
petioles were averaged to arrive at a numerical index of
quick test petiole nitrate (QTN) for each plot. The exponen-
tial scale was used to approximate Beer's law of light trans-

mission by colored solutions (Tunon, 1969).

Harvesting

Although the yield of navy beans and corn in relation
to the applied N in 1968 was of secondary importance, yield
measurements were taken. One hundred feet of navy bean row
and 80 feet of corn row were taken for harvest. The beans
were thrashed using a Wonder plot harvester. The corn was
husked by hand, and ear counts and weights were taken. Yield
data are summarized in Appendix Tables 32, 33, and 34.

Either 80 or 100 feet of the center two sugar beet
rows were harvested from each plot for estimating yields.

At five of the six locations the beets were lifted with either
a shovel or a "beet lifter" mounted on a tractor. Tops were
removed from the roots with a beet knife. The beets were
weighed in the field and ten average sized beets were select-
ed from each plot. Extra large or extra small beets were
avoided. These beets were bagged and transported to the Re-

search Laboratory of Michigan Sugar Company, where a juice
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sample was taken from the brei of each 10-beet sample and
frozen to await further analyses.

At the other location (Eisenman), a modified l-row
Farmhand beet harvester was used. The beets were lifted,
topped, and weighed in a basket above the storage hopper.
After ten beets were selected for sugar and impurity analyses,
the rest were dropped into a hopper below and the next plot

harvested.

Laboratory Analyses

Indexes of N availability

The procedures for estimating availability of soil N in
these experiments included the determination of: 1) mineral
N (exchangeable NH4+ + NO, + NOS): 2) mineralizable N releas-
ed after aerobic incubation; 3) total N in boiling water ex-
tracts of soil; 4) N released by alkaline distillation after
a sixteen hour autoclaving treatment. All determinations
were made in duplicate. The methods were modified in some
cases to adapt the procedures to micro-Kjeldahl apparatus.

Mineral N was determined in a 20 ml aliquot of a 10:50
(w/V).soil: 2 N KC1l extract, as outlined by Bremner (1965).

Mineralizable N was determined by the aerobic method of
Bremner (1965) in which a soil-sand mixture was incubated for

14 days at 30C. After the incubation period, mineral N was
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determined, and the difference between an incubated and non-
incubated sample gave an estimate of mineralizable N. The
bottles containing the incubation mixture were modified by
fastening a 2 mil polyethylene covering to theftop by means
of a rubber band. Three pin holes were pierced in each cov-
ering to allow free passage of gases with minimum loss of
moisture.

N extracted by boiling water was determined by Method 2
described by Keeney and Bremner (1966). In the procedure
used, a 5:30 (w/v) soil: water suspension was boiled under
reflux for 1 hour. Total N in the extract was estimated by
digesting a 20-ml aliquot in 2 ml concentrated H3S0, with-
out a catalyst. Ammonia-N released was transferred by alka-
line distillation into boric acid and titrated directly with
standard acid.

The procedure for the determination of N released upon
autoclaving is described by Stanford and Demar (1969). It
involves autoclaving a soil sample in 0.01 M CaC12 for 16
hours at 121C (15 psi. pressure). After cooling, the sus-
pended solids are removed by centrifuging, and the extract,
plus two additional washings of the soil sample, are placed
in a 100-ml volumetric flask. The contents are brought to
volume and thoroughly mixed. A 25-ml aliquot is pipetted in-

to a micro-Kjeldahl flask and volatile N is distilled into
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boric acid, after adding 20-ml of 0.015 N NaOH. Distilled N

is titrated directly with standard acid.

Soil pH, phosphorus, potassium, calcium, and magnesium

vAll of the soil samples were analyzed for pH, P, K, Ca,
and Mg by the Soil Testing Laboratory, Crop and Soil Sciences
Department, Michigan State University. Soil pH was deter-
mined by a glass electrode in 1l:1 water suspensions. Phos-
phorus was extracted using the Bray P1 solution. Colorimet-
ric measurement of the phospho-molybdate blue reaction gives
an estimate of "available" P in soils.

Exchangeable bases (K,Ca, and Mg) were estimated by
extraction with neutral, 1 N ammonium acetate solution. A
Coleman flame emission spectrophotometer was used for ex-
changeable K analysis, and a Perkin-Elmer Model 290 atomic

absorption unit was used to determine exchangeable Ca and Mg.

Sugar beet petiole analyses

Nitrate-N, P, and K were determined in the dried and
ground petiole samples. One-gram samples of plant material
were extracted with 100 ml of 2% acetic acid in the pres-
ence of activated charcoal to remove interfering pigments.
Nitrate was determined colorimetrically by the Brucine method
of Grewling and Peech (1965). P was also measured colorimet-

rically by means of the P-molybdate blue color, and K was
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determined by flame photometry. Results are expressed in

either percent or ppm on a dry weight basis.

Sugar and juice purity analyses

Percent sucrose in the expressed juice of sugar beet
roots is measured by a polarimeter in weight per volume units
(grams/100ml). Dexter, Frakes, and Snyder (1967) describe
the calculations necessary to express percentage sucrose on
a fresh-weight-of-root basis. Sucrose percentages reported
herein are on this basis.

A method for determining clear juice purity is describ-
ed by Carruthers and 0Oldfield (1961). Their measurement of
juice purity correlated very highly with the purity of juice
after two carbonations in the factory (called "thin juice").
Percent clear juice purity may be expressed as the following

ratio:

% clear juice purity = % sucroagsby weight y 3100

where RDS is the percent "refractive dry substance" by weight
in the clarified juice and is measured in the laboratory by
a refractometer.

Extractable sugar per ton of beets may be calculated

from the following formula:
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% extractable sugar = % sucrose - factory loss X
1 - molasses purity X 100 - % clear juice purity
100 - molasses purity % clear juice purity

% extractable sugar X 20 = extractable sugar per ton.

Usually standard figures are entered into the equation
for factory loss (0.3%) and molasses purity (62.5%) (Dexter,
Frakes, and Snyder, 1966).

Yields of sugar are reported in two ways: 1) sugar
produced in cwt/acre = tons beets/acre X 20 X % sucrose;
2) recoverable sugar in cwt/acre = tons beets/acre X 1lb ex-
tractable sugar/ton X 1/100.

Analysis for the clear juice impurities, amino N, K,
and Na, was performed on all juice samples. The free amino acid
N content was determined by a modified procedure of Moore and

Stein (1954). K and Na were determined by flame photometry.

Statistical Procedures

Statistics were calculated and graphs were drawn uti-
lizing programs of the Michigan Agricultural Experiment Sta-
tion STAT Series Description Numbers 7, 8, 14, and 16 and the
Control Data Corporation 3600 digital computer of the Michi-
gan State University Computer Center. The services of the

Computer Center were subsidized, in part, by the National
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Science Foundation. Analysis of variance in accordance with
a randomized block, split-plot design was employed to examine
the relationship of N fertilizer treatments to different soil
test and sugar beet response parameters. Values of least
significannt difference (LSD) at the 5 percent level of prob-
ability were calculated. It should be recognized that the
probability for error is greater than 5 percent when this
LSD is applied to comparisons among more than two means (Sned-
ecor, 1956).

Simple and multiple correlation and regression analyses
were used to characterize relationships among beet parameters,
N treatments, soil tests, and petiole tests. A least-squares-
delete routine was used in which multiple regression equa-
tions and coefficients of multiple determination were calcu-
lated from coefficients that were selected by the computer on
the basis of significance at a probability less than ten per-

cent (MSU AES STAT Series Description Number 8).
Units of Measurement

This research was sponsored by, and conducted with the
Close cooperation of, the farmers and manufacturers of the
sugar beet industry. To make the data more immediately use-
ful to the industry, the English system of weights and meas-

ures has been used. However, in certain graphs data are
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recorded in metric units. To convert the data on those
graphs to the English system, the required factors are:
1) kilograms/hectare (kg/ha) X 0.891 = pounds per acre

2) centimeters (cm) X 2.54 = inches.
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RESULTS AND DISCUSSION

During 1968, the primary objective was to characterize
the N status of the soil after the basic N fertilizer treat-
ments were applied. Two soil samplings were made during the
season to estimate the N present. The yields of navy beans
and corn in response to the N treatments were of secondary
interest, and the summarized data may be found in the Appendix,
Tables 32, 33, and 34.

During 1969, the objective was to evaluate the effect
of nitrogen fertility level of soils (as influenced by loca-
tion and the previous year's N application) on the responses
of sugar beets to N applied in the current season.

The discussion in the first few sections will be cen-
tered around the analysis of variance in beet parameters,
s0il tests and petiole analyses over all six experimental lo-
cations and the simple correlations among these measurements.
In later sections, relationships among fertilizer N treat-
ments, beet responses, nitrogen soil tests, and petiole anal-
yses will be examined for conformity with a number of func-
tional models, using multiple correlation and regression
methods.

29
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Similar evaluations of the data for individual loca-
tions are presented in the Appendix (Tables 35 through 62)
and will not be discussed separately.

During the ensuing discussions, 1968- and 1969-applied
N will be referred to frequently as "residual N" and "current
N", respectively.

The Response of Sugar Beets to Locations
and Nitrogen Applied in 1968 and 1969

Sugar beet response was different at each farm (Table
2). This was expected because farms varied in location, soil
productivity, cropping sequence, soil fertility, management
and other factors. No particular significance was attributed
to the effect of previous crop on beet responses. Any obvi-
ous differences are probably due to the geographical separa-
tion of the two clusters of farms where ﬁhe previous crop was
different. The yield of beets at Farm 3 was significantly
lower than any of the other farms, and because of the effect
of low root yields, it also had the lowest produced and re-
coverable sugar yields. Poor drainage and a root rot infes-
tation at this location during the early stages of growth
probably contributed most to the reductions. The low percent
clear juice purity (CJP) at Farm 5, 91.9%, is associated with
the high levels of amino N, K, and Na impurities in the clear

juice. Concomitant with the low purity is the fact that Farm
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5 had the lowest stand of beets. When beet plants do not
have close near-neighbor competitors, more luxury uptake of
nutrients occurs with a corresponding tendency for accumula-
tion of impurities.

Main effects of 1968- and 1969-applied N on sugar beet
responses are found in Table 2, and interaction effects are
found in Table 3. For most parameters, the response to cur-
rent N is typical of results from other N fertility experi-
ments with sugar beets (Baldwin and Stevenson, 1969; Gascho,
1968; Vvarsa, 1969). In these earlier studies, yield of beets
maximized at N rates of 100 to 150 pounds per acre. The max-
imum in Table 2 would have occurred between 80 and 120 pounds
N applied in 1969.

By contrast, the largest beet yields in Tables 2 and 3
were obtained at the highest residual N level (480 pounds of
N in 1968). High yields of beets, however, were accompanied
by sharply reduced yields of recoverable sugar at each of the
higher residual N levels. Percent sucrose and clear juice
purity were both sharply reduced at 240 pounds of 1968 N and
again at 480 pounds. Both clear juice purity and percent su-
crose enter into the calculation of extractable sugar per
ton, which in turn enters into the calculation of recoverable
sugar.

Above 160 pounds of 1968 N, reduced extractability of
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sugar completely reversed the apparent benefit of increasing
N fertility as suggested by increasing yield of beets. Ev-
ery increment of N applied in 1969 reduced extractability
and recoverable yields of sugar. The average effects of 1968
and 1969 N applications on extractability and recoverable
sugar yields (Table 2) were cumulative at each combination of
N treatments (Table 3). The cumulative decline in extracta-
bility bottomed out at just under 260 pounds of sugar per ton
(13 percent extractable sugar) when 80 or 120 pounds of N
were applied in 1969 on top of 480 pounds in 1968. The corre-
sponding recoverable yield of sugar (55 cwt/acre) represents
a 13 percent reduction from that obtained where no nitrogen
was applied in 1969 after 40 pounds of N in 1968 (62.9 cwt/
acre). This reduction occurred in spite of the fact that
yield of beets increased from 18.7 to 21.4 tons per acre, an
increase of 12.5 percent.

The data in Tables 2 and 3 illustrate two important
physiological responses of sugar beets to N fertility:
l) excessive vegetative growth associated with high N fer-
tility can result in increased beet yields at the expense of
stored sugar (percent sucrose); 2) excessive levels of avail-
able N in the soil during the latter part of the season re-
sult in increased juice impurities (amino N, K, and Na).

This latter response is of immediate concern to the
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processor, since it increases the cost of extracting sugar.
However, it is of ultimate concern to the grower because, in
one way or another, it is reflected in the price he receives
for his beets. The market cost of excessive N to assure max-
imum beet yields is a negligible factor as compared with the
indirect cost of reduced sugar per ton. The environmental
implications of excessive N use represent an additional as-
pect with potential repercussions, both legal and economic,
for the grower.
Nitrogen Soil Tests in Relation to Locations
and Nitrogen Applied in 1968 and 1969

Results at six experimental locations of average N soil
tests in relationship to residual and current N treatments at
four sampling dates are given in Table 4. Except for Summer
1969 (Su69), soil samples were taken before the application
of 1969 N. The values tabulated for 1969 N treatments, ex-
cept for the Su69 samplings, represent mean soil test results
over all farms and 1968 N levels. Similar tabulations for
1969 N treatments will be noted for other soil tests in
Tables 6, 7, and 8.

Summer 1968 (Su68) and Fall 1968 (F68) mineral N tests
were different for bean farms as a group than for farms where
corn preceded sugar beets. Nearly twice as much N was pres-

ent in the plow layer of bean plots in Summer 1969 as was
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present in corn, which reflects the lower nitrogen require-
ment of the beans. By fall, the relative soil mineral N
status for the two groups of farms had reversed itself.
This reversal may have resulted from differential mineral-
ization-immobilization reactions occurring in the soil due
to the two entirely different crop residues. However, the
corn locations were sampled nearly three weeks later than
the beans.

By the Spring 1969 (Sp69) sampling, differences in min-
eral N between navy beans and corn plots had narrowed consid-
erably, although remaining significant. 1In general, the corn
plots had mineral N tests of five to ten pounds per acre
greater than navy beans.

As seen from Table 4, the relationship between the
amount of N applied in 1968 and the mineral N determined in

the Su68, F68, and Sp69 soil samplings was nearly linear (r

.73, .88, and .80, respectively, for the three sampling
dates, Table 5). When farms and previous crop were ignored,
there was very little difference between the amounts of N ob-
tained in the Su68 and F68 samplings, but appreciably less
was detected in the Sp69 sampling. For example, on the plots
receiving 480 pounds of N per acre in 1968, mineral N de-
clined from 203 to 38 pounds per acre over the winter, a loss

160 pounds per acre from the plow layer. It is not known if
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Table 5 Linear correlations (r) of 1968 and 1969 applied N
with the mineral N soil test at 4 soil sampling
periodsa

Soil 1968 1969
sampling applied applied
period N N
sSu68 .729 --
F68 . 882 -—
Sp69 .798 --
Su69 . 147 .173
qror significance: at P(.05), r = .113
at P(.01), r = .148
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the N had moved out of the rooting zone of sugar beets or if
it was merely beyond the depth of sampling. Mineral N in the
sub-so0il may be an important residual source of N for suc-
ceeding crops. Such seasonal movements have relevance, also,
to NO5 pollution of drainage and ground waters.

The three other tests for which data are shown in Table
4 have been proposed for estimating the organic N release
capacity of soils. Mineralizable N, hot water extractable N,
and autoclaving released N are descriptive of the methods
themselves rather than the fraction of N estimated. These
three indexes of N availability will be discussed together
because of their response, or lack of it, to applied N.

Because each farm would be expected to have soils of
different N supplying power, it was not surprising that sig-
nificantly different test results were obtained among farm
locations for either the fall or spring sampling. Farm 3
consistently gave lower test results than any of the others.

Mineralizable N in the spring sampling was lower than
in the fall, particularly following corn. This suggests that
considerable mineralization may have occurred during the win-
ter. Mineral N released during the winter would have con-
tributed to the higher test for mineral N in the spring after
corn. Thus a test for mineral N in the spring has some of

the character of a mineralization index. This may explain
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why Gascho (1968) found it to be the most consistently useful
test for estimating the nitrogen fertility status of soils.

The hot water extractable N values were 12 pounds per
acre less in the spring than in the fall sampling, on the
average, and the autoclaving released N values were 4 pounds
less. If either of these two tests have merit in predicting
the fertilizer N needs of sugar beets, then the season of
sampling will be less critical with the autoclaving proce-
dure.

Of the three organic N release indexes, only the auto-
claving released N test showed a significant effect of 1968-
applied N. However, only the 480 pound application was re-
flected in a higher test by this procedure.

The tests for mineralizable N, hot water extractable N,
and autoclaving released N do not detect nitrate, which is
included in the mineral N test. Apparently they do reflect
differences in nature or quantity of organic matter in dif-
ferent soils and under different management systems. How-
ever, it appears that fertilizer N has very little effect on
the quantity of nitrogen in the organic fractions which enter
into these determinations.

The Caclz in the autoclaving procedure should enhance
displacement of fixed ammonium from lattice clays. Ammonium

fixation may have contributed to residual carryover from the
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480 pound application of N.

During the summer of 1969, average mineral N values
associated with 0 to 120 pounds of 1969 N were 31 to 40 pounds
per acre. This is almost identical with the range of values
associated with 40 to 480 pounds of 1968 N. The Su69 tests
were linearly related to both 1968 N and 1969 N, but the de-
gree of correlation was much lower than for mineral N for
the other three samplings and 1968 N (Table 5).

Most of the N soil tests were intercorrelated, but the
greatest degree of intercorrelation was among the three or-
ganic N indexes (Table 12).

Simple correlations in Table 14 show that percent su-
crose, percent clear juice purity, and the impurities in
clear juice were more closely related to the F68 and Sp69
mineral N tests than any other N soil test. The rather high
degree of correlation with these beet quality factors was
shown also by the two tests for petiole nitrogen.

The two tests for petiole N were also mofe highly cor-
related with F68 and Sp69 mineral N tests than any other soil
N test (Table 14).

By contrast, yield of beets was more highly correlated
with the indexes of organic N release than with the measure-
ments of mineral N (Table 14).

It would appear that different forms of N in the soil
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affect the development of beets in different ways. It is
probably unrealistic to expect the nitrogen fertility status
of soils to be characterized by any single test. If one
were to be selected, however, on the basis of simple rela-
tionships that have been considered in this section, it would
be either a fall or a spring test for mineral N.
Soil pH, P, K, Ca, and Mg in Relation to
Locations and Nitrogen Applied
in 1968 and 1969

Soil pH was significantly different among farms (Table
6). On the average, soil pH for the F68 sampling was one-to
two-tenths of a pH unit less than the other three samplings.
This result supports observations by soil testing personnel
that fall sampled soils give lower pH values than those sam-
pled in the spring. Seasonal production of acidity by nitri-
fication and subsequent leaching of bases contribute to these
seasonal fluctuations in pH. Soil pH was correlated nega-
tively with mineral N in both F68 and Sp69 samplings (Table
18), and there was evidence of pH depression at the higher
rates of 1968 applied N in the Su68 and F68 samplings (Table
6). By Spring 1969 these differences were negligible. When
relating pH to combinations of residual and current applied N
(Table 10), no significant interactions were observed.

There were significant farm differences in soil P, K,



Table 6 Soil pH in relation to location and main

effects of nitrogen applied in 1968 and 1969

Soil pH

F68

Su69

69

Sp

su68

Categories

1968 crop

Farm

Ccorn

NN O

0.22 0.22 0.21

0.20

.05

LSD,

43

1968 N (1b/acre)

40

80
160
240
480

0.05

0.07

ns

0.08

.05

LSD,

1969 N (1lb/acre)

0
40

80
120

ns ns ns

ns

.05

LSD,
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Ca, and Mg (Tables 7 and 8). The soil P test at location 2
was extremely low for all sampling periods. The high rate of
applied P at beet seeding time (about 600 pounds of P,0g per
acre) was sufficient to overcome the indicated deficiency of
soil P, since beet and sugar yields were about average for
the six locations (Table 2 and Appendix Tables 47 and 59).

The tests for K, Ca, and Mg are typical of the levels
found in Saginaw valley soils. Farm 5 had considerably high-
er soil K values than any of the other farms.

Soil tests for P, K, Ca, and Mg were not significantly
influenced by rates of N applied in 1968 or 1969 (Tables 7
and 8). When relating the Su69 soil tests to combinations of
residual and current applied N, no significant interactions
were observed (Table 10).

Sugar Beet Petiole Analyses in Relation to
Locations and 1968 and 1969
Applied N

Average petiole analyses for acetic acid extractable P,
K, and NO3-N and quick tests for petiole NO5 (QTN) were sig-
nificantly different among farms (Table 9). Farm 2, which
had the low soil P tests, had the lowest petiole P among the
locations. Farm 5, having the highest soil K tests among
farms, also had the highest K in petioles. Simple correla-

tions (Table 17) between soil P and K and petiole P and K
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were highly significant (for the Su69 soil samplings, r = .36
and .54 for soil versus petiole P and K, respectively).

There was no significant effect on petiole P and K when
N was supplied in 1968 (Table 9). Significant effects were
noted for 1969-applied N. There was a trend for petiole P to
increase cummulatively with increases in both residual and
current fertilizer N applications (Table 10). Petiole K de-
creased with increasing rates of current N (Table 9), but
this effect was significant only in combination with the low-
est 1968 application of N (Table 10).

Acetic acid extractable NO3 and the petiole quick test
(QTN) increased cummulatively with each increase in residual
and current N treatments (Tables 9 and 10). From Table 13,
simple correlation coefficients were .62 and .41 for residual
and current N as related to petiole NO3 and .54 and .52 as re-
lated to QTN. These two measures of soluble N in the peti-
oles were highly correlated with soil mineral N in the F68
and Sp69 samplings (Table 16). Soil mineral N on these two
dates and the petiole N tests were highly and negatively
correlated with percent sucrose, percent clear juice purity,
and extractable sugar per ton (Table 14).

The relationships noted in the preceding paragraph and
data in Table 14 clearly support the data in Table 4 and in

Appendix Tables 51 and 52. The data indicate that excess N

£y
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applied to the crop preceding sugar beets was carried over in
a mineral form (probably NO3) which was not detected by the
incubation test or by hot water extraction or autoclaving
with .01 M CacCl,.

Adverse effects of excess N on recoverable sugar yields
were due to reductions in percent sucrose and increases in
clear juice impurities (Table 14). Petiole N and soil min-
eral N were more closely correlated with amino N than with K
or Na, although all three impurities were strongly influenced.

Correlations between Na in clear juice and the petiole
and soil tests in Tables 14 and 15 suggest that Na accumula-
tion was influenced by soil pH and the availability of both P
and K, as well as of N. Accumulation of K, however, was in-
fluenced mainly by the availability of N and K.

Petiole tests for N, P, and K were inversely related to
soil pH (Table 17). There is the possibility that this in-
verse relation to pH may have been due to effects on availa-
bility of other nutrients, notably Ca and Mg. Correlations
with soil tests for Ca and Mg in Tables 15 and 17 do not sug-
gest any unique involvement of these two nutrients. No tests
were made for Ca or Mg in petiole extracts.

Nitrate N in petioles ranged from 2750 ppm for the low-
est inputs of fertilizer N at Farm 1 (Table 36) to in excess

of 9000 ppm for the highest inputs at Farm 5 (Table 44).
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Ulrich and others (1959) reported the critical concen-
tration of NO3—N (phenoldisulfonic acid procedure) for sugar
beets to be 1000 ppm in dried petioles. Visual observations
of the plots receiving low rates of residual and current fer-
tilizer N in the present study indicated rather serious N de-
ficiencies at the time petiole samples were taken. Nitrate N
(brucine procedure) in petioles of these symptomatically N-
deficient beets ranged up to 3500 to 4000 ppm and quick test
(QTN) values ranged up to 4.0 to 4.5. Amino N in clear juice

from beets harvested from these plots was generally less than

200 m3/100 g of sugar (Appendix Tables 35 to 46).

Relationships Among Sugar Beet Parameters
and their Influence on Recoverable
Sugar per Acre

The simple correlations of sugar beet parameters among
themselves are given in Table 11. Of particular interest are
the relationships among yield, percent sucrose, and percent
clear juice purity and their association with extractable
sugar per ton and recoverable sugar per acre. A significant
negative relationship was obtained between yield and percent
sucrose (r = -.38), percent clear juice purity (r = -.27),
and extractable sugar (r = -.38). These relationships are

due to the positive effects of N fertilization on yield and

the negative effects of N on sugar content and purity
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Table 16 Linear correlation (r) of sugar beet petiole anal-
yses with nitrogen soil tests at 4 soil sampling

periods?@

N Soil Acetic acid Quick
soil sampling extractable test
test period P K NO3—N N

Mineral N Su68 .01 -.35 .22 .28
F68 .19 .14 .71 .57
Sp69 .20 .13 .61 .48
Su69 .14 .04 .23 .33
INC-NP F68 .32 .34 .22 .09
Sp69 .18 .34 .18 .20
H,0-N€ F68 .02 .25 .24 .17
Sp69 -.01 .28 .15 .09
ac-nd F68 .16 .19 .17 .19
Sp69 .16 .23 .15 .19
qFor significance: at P(.05), r = .113
at P(.01), r = .148
bINC-N = mineralizable N released during incubation

cH20~N hot water extractable N

dAC-—N = autoclaving released N
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Table 17 Linear correlation (r) of sugar beet petiole anal-

yses with soil pH, P,
pling periods?®

K, Ca,

and Mg at 4 soil sam-

N Soil Acetic acid Quick
soil sampling extractable test
test period P K NO3—N N

Soil pH Su68 -.35 -.48 -.36 -.26
F68 -.32 -.30 -.37 -.26
Sp69 -.27 -.40 -.25 -.19
Su69 -.27 -.39 -.16 -.06
Soil P Su68 .41 .46 .15 .12
F68 .36 .33 .14 .21
Sp69 .30 .36 .19 .24
Su69 .36 .40 .29 .29
Soil K Su68 .17 .46 .27 .30
F68 .20 .45 .24 .29
Sp69 .09 .41 .24 .31
Su69 .17 .54 .35 .32
Soil Ca Su68 .07 .18 .17 .16
F68 .12 .24 .26 .22
Sp69 .12 -.004 .12 .13
Su69 .02 .001 .15 .17
Soil Mg Su68 .20 .28 .06 -.05
F68 .20 .26 .15 -.003
Sp69 .01 -.16 -.07 -.14
Su69 .25 .24 .21 .09
@por significance: at P(.05), r = .113
at P(.01), r = .148
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Table 18 Linear correlations (r) of soil tests for pH, P,
K, Ca, and Mg with mineral N at four sampling

periodsa
Soil
sampling pPH P K Ca Mg
period
Mineral N sSu68 .08 -.25 -.17 -.32 -.19
" F68 -.54 .07 .18 .29 .26
" Sp69 -.34 .06 .08 .20 -.07
" Su69 -.03 .25 .06 .00 -.09
Aror significance: at P(.05), r = .113
at P(.01), r = .148
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(Table 14).

Extractable sugar is highly correlated with both per-

cent sucrose (r = .94) and percent clear juice purity (r =
.80) because it is based on a calculation involving both.
Percent clear juice purity and percent sucrose are highly and
negatively correlated with amino N, K, and Na in the clear
juice because accumulation of sugar in the beet is reduced by
the excessive nitrogen nutrition which promotes accumulation
of these impurities. The impurities themselves are inter-
correlated, but variations of K and Na are more closely re-
lated with each other than with variations in amino N.

Produced sugar is the calculated product of the yield
of beets times percent sucrose. Major variations in produced
sugar, however, were more closely related to variations in
yield of beets than to variations in percent sucrose (Table
11).

Recoverable sugar is the product of yield of beets
times extractable sugar per ton and its variation was related
about equally to variations in these two parameters.

The simple correlation in Table 11 between recoverable
sugar and produced sugar (r = .93) suggests that recoverable
sugar was principally a positive linear function of the total
sugar produced. However, the multiple regression functions in

Tables 19 and 20 show that the relationship between recoverable



61

AT

Juadaad 1 oyl

I8 JUBDTITUBIS gy

T9A9T Juadaad ¢ 3y3 3@ JUEITITUBS
ToA9T 3u9d19d QT 9yl 3@ JUBOTITudyS #
¥¥66° »x00°1 +00°T »»00°1 »¥00°T ¥%96° ¥¥66° ra:!
¥¥61° »¥6¢° »¥8€° »¥0%° ¥¥8¢° »¥8%°C »¥8¢° drdo 2 x
?so1ong ¥ X PIITA
0 0 0 0 0 »¥88°G Y- 0 drd ¥ x PT31X
0 »¥%. 8T~ »tS L1~ »¥87° 12~ L TANA »TS° Y1~ ¥»18°61- 98010Ng ¥ X PTIX
8- 9% 1~ »lT°T- »h1°1- LN O #02°82- »»68° T~ 2drd 2
0 0 »L0° #LS 1~ #80° 0 ¥€2T°1 z2801ong
0 0 0 0 0 0 0 ZPTP1X
0 0 ] 0 0 »»TT0000° ¥¥9100000° 7 (3101 /839939)
¥T°6LL »¥l°L92 wel LET ¥%0°802 »¥6°L9%T #6°0TSS wyt Y drd %
0 0 0 #2%°06 0 0 0 asoxdng I
0 ¥¥98° - »ySY°E- #€€°0¢ ¥¥lC°C »€ 70ty ¥8G6°T¢€ PT°TX
0 0 0 0 0 »uSh - »¥950°- 8108 /83294
»ETY6€E- ¥¥96271- »¥6CT1T~ »¥[9S0T- »¥909TT- #91S992- »¥078ST- ue3suo)
(3339nYy2g) (qo®qnyds) (29pox) (FAIFTOM) (®T®PZTND) (uswuasty)
9 S Y € 4 1 suae3 89TQeTIvA
SulBj] TENpIAFpU] v juspuadapuy

uoyssaiBel jJO S3ULITO}IF0)

UOTI®OO0T WIBJ YOWa I¥ puw suxey [T® U0 (4r)) A3rand adFnf IvITI pu® I801IN6
Juad1ad *s393q jo PTaFL ‘310® 1ad €392q 03 210¢ 12d 19Bns BTqRILA0J3I Bupjerax SUOTIOUNJ UOTSSRIBAY (T ITqeL




62

19497

Juadaad 1T oy3

38 JUedTITUBIS x

T9A9T 3juddaad ¢ ay3l 3e JUBIFIFuUBIS i
T3A9T Jusdxad (T 2yl 3Ie JUEdTIFuldys 4
¥¥86° #»00°1 ¥¥00°T #»00°T ¥%66° »¥66° 4!
¥¥8T"° 1131 3 L LA »¥8t° »¥61° »¥8¢° dro z x
98010NS ¥ X PT3TX
0 0 0 w€l°- ¥9T°€ 0 drd ¥ X PT®TX
0 ¥8(8°LT- »¥%6° 91~ ¥%69°LT- 0 »»18°61- 28010N§ 1 X PT3TX
0 »¥6C° 1~ #3681~ »38¢t " T- ¥56°C- »¥68°1- zdfo 2
0 0 50T 0 0 X AN z9soxons 2
0 ¥8%0° 0 0 0 0 ZPT91X
»¥%00000° 0 0 0 0 »¥9T00000° z (@108 /83999)
¥¥(°89 #x1°6£7 »¥€°29¢ »»0°292 »G 1SS e tYe dro 2
0 0 0 12 0 0 asoxdng
0 »x91°L- #8€°2- »»0%°81 ¥2°90t- ¥8S°T¢ PT2TX
w1 - 0 0 0 0 »#%50°- a1d® /8399¢
»%0605- »»060TT- »»0TYCT- »¥08%CT- »08L52- #»0C8ST- Jue3lsuo)
08% 0% moa 08 oY 89381 N
el 47

30 B¥3®x 1T® 10
PTI9TL ‘3ade 1ad

3 (dro) £3yand a0y
8393q 03 axde aad

83381 TENpIAT
nf 1891 jJuad

Ie8ng ?Tqeaaa

PUT 3® pu® pauyquo
19d puw ‘agoions 3
0991 8ur3eTaz suoy

9 N partdde
uadaad .ouooMoww

Idung aoﬁououuum 0z oTqeg



63

sugar and produced sugar was by no means simple.

In the functions of Tables 19 and 20, linear, quadratic

and interaction effects of beet yields, percent sucrose, and

percent clear juice purity on recoverable sugar yields were

given a chance to express themselves. Linear and squared

terms for number of beets per acre were also included. The

regressions were optimized by a least squares delete routine.
Zero 1s entered for terms rejected by the computer because

the calculated regression coefficient was not significant at

a probability of ten per cent. The optimized functions are

highly descriptive, accounting for 96 to 100 per cent of the

total variation in recoverable sugar.

The manner and extent to which beet numbers, beet

yields, and percent sucrose influenced recoverable sugar in-

dependently of percent clear juice purity varied with loca-

tion (Table 19) and with level of residual N treatment (Table

20). At most locations and at all residual N levels, percent

clear juice purity made a highly significant positive con-
tribution to recoverable sugar both in its linear term and in

the second order product of yield times percent sucrose times

percent clear juice purity. The independent contribution of
percent clear juice purity was curvilinear, decreasing with

increasing purity as indicated by highly significant nega-

tive coefficients for CJP2.
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When independent effects of clear juice purity, yield

of beets and their interactions were accounted for, the in-

dependent relationship between recoverable sugar and pro-
rather

duced sugar (yield times percent sucrose) was negative,

than positive as was suggested by the simple correlations in

Table 11. This result is to be understood in terms of the

fact that variation in produced sugar was determined to a

greater extent by yield of beets (r = .77) than by percent

sucrose (r = .30). 1In the regressions of Tables 19 and 20,

the computer associated with the cross product term (yield

times percent sucrose = produced sugar) much of the negative

correlation between yield and extractable sugar per ton (r

-.38). This negative relationship between yield and extract-
ability is derived from the positive correlations between
yield and juice impurities (r = .31, .19, and .28 for amino
ﬁ, K, and Na, respectively), and the negative correlations
between these impurities and extractable sugar (r = -.85,

and Na). On the other hand,

-.54, and -.52 for amino N, K,

most of the positive correlation between percent sucrose and

.94) was thrown into the second order

extractable sugar (r
cross product term (yield times percent sucrose times per-

This was due to the positive correlation between

cent CJP).
= .55).

percent sucrose and percent clear juice purity (r

The above relationships between simple correlations in
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Table 11 and multiple correlations in Tables 19 and 20 illus-
trate some of the pitfalls in interpretation of multiple re-
gression analyses when independent variables are themselves
intercorrelated. Significant variation associated with one
factor may be obscured by its close correlation with another.

«"

The relatively greater importance of yields and clear juice

- —————— e ..

purity than of percent sucrose as independent factors in de- 1
termining recoverable sugar yields in Tables 19 and 20 is in

part an artifact of the calculations which went into the de-

termination of percent clear juice purity and recoverable

sugar.

However, when these calculations are kept in mind, the
optimized functions in Tables 19 and 20 do describe important
physiological relationships in sugar beets at a high level of
yield and over a wide range of nitrogen nutrition. It is
clear from Tables 2, 3, 9, 10, and 35 to 46 that the unique
variable in the internal nutritional environment of the beets
in these experiments is the level of nitrate in the beet
tissue. Clear juice impurities and beet yields are directly
related to petiole nitrate, and percent sucrose is negatively
related (Table 14). The functions in Tables 19 and 20 reflect
these intercorrelations due to nitrogen nutrition, as well as
additional effects of independent variation in yields and

clear juice purity associated with location.
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Some of the independent variation in beet yields and
clear juice purity was associated with P and/or K nutrition
(Tables 14 and 15). Yield and clear juice purity were also

positively correlated with numbers of beets (Table 11).

Independent effects of beet numbers on recoverable -

3
»

sugar in Tables 19 and 20 were highly significant over all

—

farms and N rates, but this significance was retained only

for Farm 1 and for the highest level of residual N (480 1b/ |
acre). The highly significant positive regression coeffi-

cient for the square of beet numbers suggests that higher

beet populations may be effective in reducing impurities and

increasing recoverable yields of sugar (cf. Table 11).

Multiple Regression Analysis of Sugar
Beet Responses to Measures
of Nitrogen Fertility
Multiple regression techniques were used to describe

relationships between the various sugar beet parameters, as
Jependent variables, and fertilizer N treatments, nitrogen
5011 tests, and petiole tests for nitrate. The functions
resented to the computer were of the general form of those
n Tables 19 and 20. Linear and squared terms were included
or each independent variable, and all possible cross product
Solutions were optimized by the least squares delete

2rms.

utine to eliminate squared terms and interaction terms with




————— T
—— ——
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error probabilities greater than ten per cent.

Responses to fertilizer N

Table 21 gives the coefficients of multiple determination

(Rz) for relationships between sugar beet parameters and 1968

and 1969 fertilizer N applications. The optimized functions

L

for actual data over all six farms are given in Appendix Ta-

ble 63.
The R? values for numbers and yields of beets, produced

and for K and Na in clear juice are

and recoverable sugar,
percent clear

generally much lower than for percent sucrose,

and amino N in clear

juice purity, extractable sugar per ton,

juice.
The R2 values for individual locations in Table 21 con-

cisely summarize the conclusions to be drawn from analyses

of variance for each beet parameter at each of these loca-

tions (Appendix Tables 35, 37, 39, 41, 43, 45, 47, 48, 59,

and 60). A low R2 in Table 21 will be found to be associated
wvith a non-significant effect of 1968 and/or 1969 applied N

n the corresponding analysis of variance. For example, sig-

ificant increases in yield of beets were associated with

ertilizer N treatments only at Farms 1, 3, and 5. On the
significant decreases in percent sucrose, percent

~her hand,
and significant

ear juice purity, extractable sugar per ton,

r




—————
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increases in amino N were associated with N treatments at all

locations. At Farm 5, effects on clear juice purity and

amino N were significant only for the 1968 N treatments

(cf£. Tables 48 and 60).
To minimize the error associated with farm-to-farm varia-

tion in the overall function in Table 21, data were norma-

lized to the mean value for each farm taken as 100. There
was some increase in R2 for each parameter due to normaliza-

tion. However, the values for yields of beets, produced and

recoverable sugar, and K in clear juice were still much lower

than for the principal quality factors.

Relationships with nitrogen soil tests

Nitrogen soil tests should reflect differences among lo-
cations, as well as residual effects of N applied in 1968.
To test this probability, the various soil N tests were sub-
stituted, one at a time, for ApN68 in the linear, squared,
and interaction terms of the function shown in a footnote
(b) of Table 21. The optimized solutions are given in Tables
64 through 69, and the coefficients of multiple determination
(Rz) are collected in Tables 22 and 23.

Comparing the coefficients in Table 22 with those in Table
21, it appears that mineral N tests on any of the four sam-

pling dates were about as useful as 1968 N rates in predicting




- \l'\‘\l‘\,\l\'l\l\ -




69

W cawer

00T ©03 Tenba 38s ueaw wiey aaT3zoadsax S3IT 03 SAT3IRIS2I ,PaZTIRWIOU, UOTIBAIISHO yoed

€9 aTqel ‘xtpuaddy 8aS,

S

09g€ = u 69Ndv .goNdY " q + v

6oNdY q + ¢

T

mmZQ«mn + 69NdVY“q + 89Nd¥'q + & = X
4 Z <d

SS3T IO T9A3T %S dY3l 3e JuUedTITubTs aie sanfea (e ‘,su, AQ pajousp ssalun,

- £C’ L 61" €0° - 86 ° £€9° 1¢° su00° (PaZT TRWIOU)
suied 9

p

2% IT° G9- €l” Zo- 12N sb- 12°D 130 O su00° (e3ep T1en3joe)
Ssuxed 9

LS” - 88" 1z- suSo0’ 08~ 9L~ S9- IT° subo0’ (339nyds) 9

Ly 8T  1¥- ST"* su0T” G9- 6€ " TL® oe* su90”° (yoeqnyds) ¢

ShA 6¢C° A 8¢° 1A g9° LL” gv - 61" sulO’ (I9poX) ¥

4 1e- ¥8-° 69" Zse £8° 99° v8-* ve: su00° (FXOTTIOM) €

1278 9¢* SL- (0] 2 8T° vo- 19° 8v° LT" sutO’ (eTepzImd) 2

8¢t - 8T~ 18~ su¥0’ 1 2% £€8° £€9° Z8- 12°0 suf0’ (uewusastd) T

eN s O:MEK wmow wwuw MMWI % % axoe axoe wIed

M ™M
xebns boo1/bu sTqeIs paonp arqe A3rand  s3aeq aad aad
2oTn( Iealod -A0D3Y -0ad -3oeva3xyd aorIn( ut uoJ JaqunN
ut saf3Tandui aebngs IeaTd 8soxons s3ood

(696T) sasjswexed 399q Jebns




70

Table 22 Coefficients® of multiple determination (R2) for
regressionsb of total produced sugar or recover-
able sugar per acre on 1969 applied N (Xl) and
several N soil tests (X2), all farms

Galn i &

Soil Total
N soil sampling produced Recoverable
test (XZ)Cd period sugar sugar ’
MN Su68 .04 .12

F68 .03 .09

Sp69 .04 .13

Su69 .07 .07
INC-N F68 .19 .20

Sp69 .31 .26
AC-N F68 .25 .22

Sp69 .28 .24
HéO—N F68 .22 .17

Sp69 .18 .16

aUnless denoted by "ns", all values are significant at the
5% level or 1less

P - a + b X, + b.X_ + DbX> + b,X> + b_X.X =360
- @ 171 272 3%1 4%2 57172 n=

MN = Mineral N

INC-N = Mineralizable N released during incubation

AC-N = Autoclaving released N

HZO-N = Hot water extractable N

C

dSee Appendix, Tables 64 through 67
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Table 24 Coefficients® of multiple determination (Rz) for
two regression models relating beet parameters to
1969 applied N (X,), soil mineral N (xz), and one
other soil N test (x3)

¢ for functions of x3c

Beet Model FPall 1968 Spring 1969
parameters No.b INC-N AC-N INC-N AC-N nzo—u

Beets per 1 .02"* o3 01" o3 -
acre 2 .o3"* .04 .18 .21 .17
Tons per 1 .25 .47 .36 .44 -
acre 2 .27 .47 .44 .47 .35
Percent 1 .56 .53 .26 .29 -
sucrose 2 .56 .55 .42 .45 .43
Percent clear 1 .48 .46 .21 .20 --
juice purity 2 .48 .47 .41 .40 .41
Extractable 1 .65 .61 .30 .31 --
sugar per ton 2 .65 .62 .50 .53 .53
Total produced 1 .18 .26 .31 .29 --
sugar per acre 2 .21 .27 .38 .31 .27
Recoverable 1 .23 .30 .28 .27 -
sugar per acre 2 .25 .30 .40 .34 .33
Impurities in
clear juice:
Amino N 1 .62 .56 .28 .28 -
2 .63 .57 .48 .48 .48
K 1 .20 .19 .07 .04 --
2 .20 .20 .20 .18 .18
Na 1 .42 .29 .18 .12 -
2 .45 .33 .36 .31 .31

%Unless denoted by “ns" all values are significant at the 5%
level or less

b < 2
Model 1: T = a + b (X, + X,) + bX; + by(X;, + X)2 + b +

2: ¥=a+ BiX) + X, + byX, + b + b5x§ + bgx3 +

b7x1x2 + bsxlx3 + ngzx3 + bloxlxzx3 (See Ap-

pendix, Tables 70 through 74) n = 360
Cvwhere: X, = 1969 applied N
x, = Mineral N

x3 = INC-N (mineralizable N released during incuba-
tion)
or AC-N (autoclaving released N)
or H20~N (hot water extractable N)

T E_
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produced and recoverable sugar. Autoclaving released N was
much more informative but was not consistently better than
incubation N. Hot water soluble N tended to be less useful
than either of the other two indices of organic N availabil-
ity, but it had distinctly greater predictive value than
either the mineral N tests or 1968 N rates.

Coefficients of multiple determination for functions in-
volving 1969 N rates and autoclavéd N in F68 soil samples or
mineral N in Sp69 are compared for other beet parameters in
Table 23. The R? = .38 for yield with autoclaved N as com-
pared with R2 = .09 for mineral N and R2 = .13 for ferti-
lizer N (Table 21) suggests that beet yields were more re-
sponsive to fertility factors associated with soil organic
matter than to N as a nutrient. The major variation in all
three organic N indexes was associated with farms rather than
N treatments (Table 4). This would account for the increase

2 for tons of beets per acre in Table 21 when data were

in R
normalized.

By contrast, the mineral N test in Table 23 was much more
useful than autoclaved N in predicting numbers of beets and
all of the beet quality parameters. These differences in
relationship of yield versus quality factors to tests for

mineral versus organic N were apparent in the simple correla-

tion coefficients in Table 14.
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Since beet responses associated with organic N tests ap-
peared to be qualitatively different than those associated
with fertilizer N or soil mineral N, it was anticipated that
predictability would be improved if all three forms of N were
included as independent variables in the same functions.

Two distinctly different models were used to test this

xR}
v

probability (Table 24). In Model 1, it was assumed that the
plant cannot distinguish between fertilizer N and mineral N
in the soil (Soper and Haung, 1963). Their sum was used as
one of the independent variables in linear and squared forms
and in a cross-product term with one of the organic N indexes.
In Model 2, it was assumed that the plant might distinguish
between all the sources of nitrogen. The function allows for
expression of a quadratic response to 1969 fertilizer N, min-
eral N, and organic N and for first and second order inter-
actions.

The R2 values for optimized solutions of the two models
are compared in Table 24 for all beet parameters and for N
tests in soil samples taken in Fall 1968 and Spring 1969.

The optimized solutions for Model 2 are given in Appendix
Tables 70 through 74.

There was essentially no difference between the two models

for the Fall 1968 sampling. The beet crop did not distin-

guish, in any of its parameters, between mineral N present in
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the soil in the fall of the previous season and fertilizer N
applied in the spring of 1969. It did, however, distinguish
sharply in numbers of beets and in all quality parameters be-
tween mineral N present in the soil in the spring of 1969
and N applied as fertilizer.

The percent of total variation (R2) in percent sucrose,
percent clear juice purity, extractable sugar, and amino N
accounted for by functions involving Fall 1968 soil tests in
Table 24 was almost identical with that accounted for by the
functions which considered only fertilizer treatments (actual
data over six farms in Table 21). Less information was pro-
vided by the Spring 1969 soil tests, even when the more de-
scriptive Model 2 was used.

By contrast, soil test information in Table 24 was much
more useful than fertilizer treatments (Table 21) in predict-
ing numbers and yields of beets, produced and recoverable
sugar, and K and Na in clear juice. Variation in K and Na
accounted for by Model 2 (Table 24) compared closely with
that accounted for by the normalized functions in Table 21.
This again suggests that variation in beet yields was influ-
enced more by fertility factors associated with organic matter
than by nitrogen as a nutrient. To state this inference dif-
ferently: the various indexes of organic N release may re-

flect differences in nature and quantity of soil organic

3

| S
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matter that relate more fundamentally to differences in in-
herent soil productivity than to nitrogen availability.

The way in which beet yields were related to 1969 fer-
tilizer N and tests for mineral and autoclaved N in Sp69 soil
samples is depicted in Figure 2. These response diagrams are
based on the Model 2 function as optimized by the computer
(Table 73). There was strong evidence for curvilinearity in
response to autoclaved N, but the responses to fertilizer N
and mineral N were linear. There was a highly significant
interaction between fertilizer and mineral N, such that the
response to mineral N decreased with each increment of fer-
tilizer N. Calculated values in Table 25 show that there was
a positive response to fertilizer N at low levels of mineral
N, becoming slightly negative at high levels of mineral N.

The response surface in Figure 3 is based on the opti-
mized Model 2 function for recoverable sugar in Table 72.
Highly significant quadratic responses and interactions were
expressed for mineralizable and mineral N. There was a high-
ly significant reduction equal to 3.42 pounds of recoverable
sugar for each pound of fertilizer N applied in 1969. The
surface was drawn for the 80-pound rate. 1Its shape would not
change at other rates, only its vertical displacement, since
the response to fertilizer N was linear and there were no

interactions with fertilizer N.
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RECOVERABLE SUGAR RESPONSE SURFACE AT
VARYING LEVELS OF MINERAL & MINERALIZABLE N
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Figure 3. Recoverable sugar in relation to mineral and
mineralizable N in spring soil samples as de-
scribed by Model 2 (Table 72) for 80 lb/acre
fertilizer N applied to sugar beets.
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The relationships in Figure 3 show that maximum yields
of recoverable sugar were obtained when soil mineral N in the
spring was low and mineralizable N was high. Maximum yields
were reduced sharply due to increasing impurities and reduced
extractability as soil mineral N increased. This reduction
was less marked at low levels of mineralizable N and was re-
versed as increasing yields of beets exceeded reductions in
percent sucrose and juice purity.

If the response surface in Figure 3 is viewed normal to
the mineral N axis, something like the response diagram in
Figure 4 will appear. The heavy curve in this diagram con-
nects the low points of the "saddle" in the response surface
of Figure 3. The increasing leg of this curve reflects the
fact that, up to a point, beet yields increase with increasing
nitrogen nutrition more rapidly than percent sucrose and
juice purity decrease. Beyond the maximum point on this
curve, yields may or may not continue to increase, but per-
cent sucrose decreases and impurities associated with accumu-
lating nitrate increase more rapidly (cf. Tables 2 and 3, 9
and 10).

The maximum point on the heavy curve in Figure 4 occurs
at about 45 kg/ha (40 1b/acre) of mineral N. This may be
compared with recoverable sugar maxima at.25 to 32.5 1b/acre

mineral N in April found by Gascho (1968) in earlier studies

T “:‘
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in the Saginaw Bay area. In that author's interpretation,
the rising leg of this curve represents a decreasing proba-
bility that recoverable sugar yields will be increased by
using fertilizer nitrogen. 1If soil mineral N at planting
time exceeds 25 to 35 pounds, the probability increases that
recoverable sugar yield will be materially reduced by use of
more than a modest starter amount of fertilizer N. The data
in Figures 2, 3, and 4 indicate that the probability for re-
duced recovery is further enhanced if a high test for mineral
N is combined with a high organic N index. At the high fer-
tility levels represented by these 6 farms, every increment
of 1969 N resulted in reduced yields of recoverable sugar
(Tables 59 and 60). As an average over all farms, the re-
ductions were almost linearly additive (Table 2), and this
relationship is expressed by the function on which Figures
3 and 4 are based (Table 72).
The Relationship of Sugar Beet Parameters
to Nitrate-N in Dried Petioles

The linear and quadratic relationships of several beet
parameters to NO3—N in the dried petioles are given in Table
26. The coefficients of determination obtained for petiole
NO_. are of the same general magnitude as those obtained when

3
the mineral N test and 1969 N were used together as
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4i ndependent variables in the functions of Tables 22 and 23
(A pPpendix Tables 64 and 69). The variation in quality fac-
torxrs (percent sucrose, CJP, and juice impurities)was more
c l osely related to nitrate in petioles and to soil mineral N
in fall or spring than was yield of beets or total and recov-
erable sugar.

There was a high correlation between the NO, in beet
petioles and the mineral N soil test for the fall and spring
samplings (Table 16). Apparently mineral N in the surface
soil at the end of the previous growing season or in early
sSpring of the current season reflected the availability of
nitrate to the crop more accurately than mineral N in the
Surface soil at mid-season when the petiole samples were
taken. The organic N indexes in fall or spring soil samples
Weére rather poorly correlated with nitrate in beet petioles
at mi g-season.

‘The relationship between NO3-N determined in dried pet-
icles and the quick test method used in the field is given
in Figure 5. A quadratic function best describes the rela-
tiOnShip; however, dropping the squared term only reduces the
R2 by one percent. The two tests are not related as closely
as MIight be desired. Much of the scatter of experimental

Points in Figure 5 is due to the qualitative nature of the

field quick test. Neither test is highly specific for nitrate
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and differential interference of other sap constituents may
hawve been involved also.

The simple correlations in Table 14 suggest that the
A i phenylamine quick test may have been more closely related
+than the brucine determination to physiological factors in-
£ 1 uencing percent sucrose, percent clear juice purity, ex-
tractable sugar, and amino N. This possibility should be
examined in greater detail. The possibility that petiole
tests for P and K might add to the information supplied by
either test for petiole N should also be examined with the

data at hand. Time did not permit their consideration in

this thesis.

The Determination of Exchangeable Ammonium and
Nitrate in a Deep Soil Profile Sampling

In the late summer (August) of 1969, a series of incre-
Mente d profile soil samples were taken from selected plots
and two locations to observe the distribution of mineral
forms of N with depth in the soil. Plots selected were those
that xeceived either 45 or 540 kg/ha (40 or 480 lbs/acre) N
in 19 eg and 90 kg/ha (80 lbs/acre) N in 1969. The surface
30 cm layer (12 inches) was sampled as a single increment and
then 35 ¢ increments to a depth of 150 cm (5 feet) were
taken

The test data are summarized in Table 27. The dis-

trib‘-‘ltion of ammonium and nitrate is shown graphically in



Table 27

DEPTH

0- 30
X- 45
45+ 60
60~ 75
75- 90
%0-105
105-120
10135
135150
Y10 2 de
of 150 cm
/ha
(Ib/acre)
\
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Table 27 Incremented concentrations and the total amount of exchangeable
NH4- and NO3-N in an August 1969 soil sampling to 150 cm at two
farm locations and from plots receiving 45 and 540 kg/ha N in

1968 ab
Farm 1 (Eisenman)
- 45 kg/ha (40 1b/acre) 540 kg/ha (480 1b/acre)
DEPTH NH4-N NO3-N NH;,-N NH;-N NO3-N NH/-N
cm. NO3-N NO3-N
ppm
o— 30 3.3 2.6 5.9 7.2 4.0 11.2
30— 45 2.7 0.1 2.8 4.3 2.4 6.7
45— 60 3.0 0.5 3.5 4.1 3.3 7.4
60— 75 3.7 0.1 3.8 5.0 2.1 7.1
75— 90 4.7 0.8 5.5 4.4 3.5 7.9
90-105 4.5 2.0 6.5 4.1 4.6 8.7
105—-120 6.1 2.2 8.3 5.0 5.3 10.3
120-135 6.3 2.2 8.5 4.7 7.5 12.2
135-150 6.4 3.2 9.6 7.2 4.2 11.4
N to a depth
of 150 cm:
kg/ha 88 33 121 107 82 190
(Ab/acre) (79) (30) (108) (96) (74) (170)
Farm 6 (Schuette)
45 kg/ha (40 1b/acre) 540 kg/ha (480 1b/acre)
NHgN NH; =N
DEPTH NH;,-N NO3-N NO3-N NH;-N NO3-N NO3EN
—cm.
ppm
0- 30 4.9 1.8 6.7 4.8 3.8 8.6
30- 45 2.5 0.0 2.5 2.7 6.3 9.0
45- 60 2.4 0.1 2.5 2.3 8.4 10.7
60- 7s 3.4 0.0 3.4 2.9 8.7 11.6
’5- 90 3.2 0.3 3.5 3.0 5.8 8.8
lgg-los 4.3 0.2 4.5 3.7 4.1 7.8
12 =120 4.7 0.9 5.6 A 2.5 6.9
120-135 4.9 0.5 5.4 4.6 1.7 6.3
3i‘150 5.4 0.3 5.7 3.9 1.1 5.0
O a
Of 150 aor
12?{)*/‘3 82 12 94 75 92 168
———fl3Ccre) (73) 1) (84) (67 _(83) (150)

a
Values are the mean test results of replicates I and III at each farm

©
Soil Samples were taken from sugar beet sub-plots receiving 90 kg/ha N
in 19g9



89

*896T UT doao burpedaad ay3z uo b} QpS IO Sb
pue 96T UT S393q 068 103 BU/N BY 06 PSATS09I YOTYM SUOTIBOOT OM3 3B 6961
3snbny Ul (papeysun) a3eI3TU pue (pPSpeYs) WNnTUoWWe JO UOTINQTIISTP TEITIISA

wdd  N-SON VHN
200l 8 9 v 2 O z2lol 8 9b 2 O

SRS

(215921 08¥)

N B30t

(9420/2108%)

[NETelZ

(9420/q910p) ON_
N ByGt

(9129/q10%)

N Byg

wd H1d3d 110s

‘9 aanbtd



88
F igure 6.

At the 40 pound rate of 1968 N application, a total of
1 O8 and 84 pounds of mineral N per acre was recovered to a
depth of 5 feet at Farm 1 and Farm 6, respectively. These
recoveries represented 90 and 70 percent of the total fertil-
izer N applied in 1968 and 1969 (40 + 80 = 120 1b N/acre).
At the 480 pound rate of 1968 N, only 30 and 27 percent, re-
spectively, of the two-year total fertilizer N could be ac-
counted for as ammonium plus nitrate to a depth of 5 feet at
these two locations.

Data in Table 4 and in Appendix Tables 51 and 52 for
mine ralizable N, hot water extractable and autoclaving re-
leased N make it clear that negligible quantities of the fer-
tilji=er N applied in 1968 were retained residually in rela-
tive 1y labile organic forms in the plow layer (9 inches). It
is possible that some of the residual fertilizer N from 1968
May Taave been retained in the plow layer in organic forms not
refl e cted in these organic N indexes, or in organic combina-
tion at depths greater than 9 inches. Data obtained in these
Stud 1 es do not bear on these possibilities. However, data
for F'arm 1 in Figure 6 suggest that significant leaching of
Nitrate to depths greater than 5 feet may have occurred. The
distr jpution of nitrate at Farm 6 was different but not in-

Consjstent with the conclusion that nitrate had been lost by
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1 eaching to depths greater than those sampled. Differences
4n distribution of nitrate with depth likely reflect differ-
e nces in patterns of rainfall or subsoil drainage at the two
1 ocations.

Compared to nitrate, the distribution of NH4—N was much
morxre similar in the f'our profiles. In three of the four, the
total of ammonium to 5 feet exceeded the total of NO3—N (Ta-
ble 27). 1In all cases, the lowest concentrations of NH4—N
were found at depths of 30 to 90 cm and increased at greater
depth. It must be assumed that NH4 has percolated downward
as one of the cations associated with nitrate in the soil
solution.

The data in Table 27 and Figure 6 show that additions
Of fertilizer N result in increased residual concentrations
©f n jtrate through a considerable depth in the soil. Under
Climatic conditions in the Saginaw valley, major portions of
this retained nitrate will be found at depths below the plow
Soil in the season after application. That which remains in
the X oot zone or at depths where it can move back up into the
TOOt Zone by capillarity can represent a major supply of ni-
trate to the followiné crop.

The usefulness of a fall test for mineral N in the plow

layer will depend uéon the extent to which it reflects the

Quantjtijes of nitrate which may be displaced during the winter
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to depths that are still accessible to the succeeding crop.

Because of this winter displacement, the spring test
for mineral N will be much less, normally, than the fall
test. Nevertheless, it may still reflect relative differences
in the quantities that were present the previous fall (see
Table 4 and Appendix Tables 51 and 52).

In addition, the spring mineral N test may reflect min-
eralization release during the winter. To the extent that
this is true, it will have the characteristics of an organic
N index. The spring test was generally more useful than the
fall test in predicting sugar beet yields and recoverable
Sugar in this study (Tables 21 and 64).

The Response of Beet Juice Impurities to
Locations and Nitrogen Applied
in 1968 and 1969

The relationships of amino N, K, and Na to locations
and Ny applied in 1968 and 1969 are given in Tables 2 and 3
and T ave been discussed in previous sections. The data given
in the three left-hand columns of Tables 28 and 29 are ad-
Juste q values for these impurities: amino N is multiplied
by 10, by 2.5, and Na by 3.5 (Carruthers and Oldfield,
1961) - These adjustments are made to base the values on ap-
Proximate molecular weights as they occur in the factory thin

j“iCQ. Total impurities are derived by a calculation from
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clearxr Jjuice purity EOO (100 - %CJP) /%CJP = percent impuri-

ties on sugar|. The values in the four right-hand columns

o f Tables 28 and 29 represent the proportion of the total
impurxrities that are made up of amino N, K, and Na.

If Carruthers' and Oldfield's constants are correct,

79 to 91 percent of the total impurities in sugar beets from

these experiments were made up of substances containing amino

N, XK, and Na, somewhat higher than those reported by Carruthers

and Oldfield (1961).

Among the three impurities, Na was the least abundant

in clear juice. 1Its ratio to other impurities was influenced

only s1lightly by N fertilization, although its concentration

relative to sugar increased. With increasing applied N, the

Proportions of amino N to sugar and to total impurities both
increased drastically. Wwhile the proportion of K to sugar in-

Ccreased, its proportion to total impurities decreased with

increasing fertilizer N.

In the processing of sugar beets, free amino acids are

among the acid producing substances in thin juice, while K
and Na are the principal basic components. With increasing
N fertility, the acids tend to accumulate in the thin juice,
and the processors, in an effort to maintain certain pH

levels in the juice, add soda ash (sodium carbonate) to the

Juice for maintenance of the proper alkalinity balance.
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However, Dexter, Frakes, and Wyse (1970) have shown that the

addition of soda ash increases the loss, into molasses, of

potentially bagged sugar.
Tabulation of the impurities in clarified juice on the
bas is of milliequivalents per 100 grams of sugar is one way

of e xpressing the cation-anion balance stoichiometrically

(Tables 30 and 31). With increasing N fertilization, the

amino N content in the clear juice increased absolutely and

relatively to the bases (K, Na). The result is a decline in

the " effective alkalinity"” of the juice and an increasing

likel ihood for the need to add soda ash. Sugar extraction

problems are minimized when the K + Na - amino N balance is in

the range of 9 to 10 meq/100 grams of sugar. This balance of
effective alkalinity was attained or surpassed at two loca-
tions (Table 30) and at lower combinations of 1968 and 1969 N
(Table 31).

In Table 30, the uniquely high effective alkalinity for

Farm 5 was due to high levels of K and Na in clear juice.
This result was associated with significantly higher soil and
Petiole analyses for K at this location (Tables 7 and 9).
The probable contributions of soil and petiole tests for K
and nutrjents other than N to variation in beet parameters

in this study should be examined in greater detail.



SUMMARY

The principal objective of this study was to investi-
gate the usefulness of several nitrogen soil tests for pre-

dicting the nitrogen fertilizer needs of sugar beets. The

main criteria used for evaluating their usefulness were the

relationships of total and recoverable sugar yields to loca-

tion, so0il tests, petiole analyses, and residual and current

appl ications of fertilizer N. However, relationships involv-

ing numbers and yields of beets, percent sucrose, percent

Cclear Jjuice purity, extractable sugar per ton, and individ-
ual juice impurities (amino N, K, and Na) were also examined
in detail. Analysis of variance and simple and multiple

correlation and regression analyses were employed. A number

of mathematical models were used to differentiate contribu-

tions of fertilizer N and mineral and organic forms of N in

the soil to variance in these beet parameters.

The results of these experiments may be summarized as
fOllOWS:
1. Applications of 40 to 480 pounds of fertilizer N per

acre on beans or corn preceding sugar beets were not

detected in fall or spring soil samples by tests for
98
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organic N release (mineralizable-, hot water extract-
able-, and autoclaving released-N). Autoclaved N
was significantly higher in spring samples for 480
pounds of N than for lower rates, but the difference
was not great.
Mineral N (NH4 + NO3) in the plow layer did reflect
nitrogen applied on the preceding crop when soil
samples were taken in the summer or fall of the same
season or in the spring or summer of the following
sugar beet season. The major carryover of available
nitrogen to sugar beets, however, was in the form of
nitrate at depths below the plow layer.
Carryover N resulted in increasing yields of beets
over the entire range of the previous year's appli-
cations. Overriding reductions in sucrose content
and extractability resulted in sharply reduced
yields of recoverable sugar where more than 160
pounds of N was used on the previous crop.
These adverse carryover effects on beet quality were
usefully related to mineral N in the plow layer when
mineral N in fall or spring soil samples was substi-
tuted for the previous year's fertilizer N treat-
ments in multiple regression functions in which N

applied to the sugar beets was also considered (0 to
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120 pounds of N per acre).
None of the tests for organic N release was as use-
ful as the mineral N test for predicting adverse
carryover effects on quality factors. They were,
however, very much more useful than the mineral N
test for predicting variation in beet yields. The
major variations in yield of beets were associated
with differences in productivity at the six experi-
mental locations.
When soil tests for both mineral and organic N were
substituted for residual N treatments in regression
models including current N treatments, R2 values of
40 to 65 percent were obtained for percent sucrose,
percent clear juice purity, extractable sugar per
ton, and amino N in clear juice. 1In each case, the
percentage of total variation accounted for was al-
most identical to that accounted for by regressions
in which only the current and residual fertilizer N
treatments were considered.
In these same functions, accountable variations in
beet yields increased from 13 to 47 percent and ac-
countable variation in recoverable sugar increased
from 13 to 30 or 34 percent when tests for mineral

and autoclaved N in fall or spring soil samples were
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substituted for fertilizer N treatments on the pre-
vious crop. Yields of beets were related linearly
to the mineral N test and increments of current fer-
tilizer N, and in a curvilinear fashion to auto-
claved N. There was a highly significant interaction
between fertilizer and mineral N: beet yields in-
creased with increasing fertilizer N where the min-
eral N test was low; yields decreased slightly with
each fertilizer increment where the mineral N test
was high.
When mineral N and incubation released N in spring
soil samples were substituted for residual fertiliz-
er N treatments, accountable variation was increased
from 13 to 44 percent in the case of beet yields.and
from 13 to 40 percent for recoverable sugar. Recov-
erable sugar yields were a maximum where the mineral
N test was low and incubation release was high. Re-
coverability decreased with increases in either min-
eral N or fertilizer N. Extreme reductions occurred
where a high test for mineral N was combined with a
high test for organic N release. When N released
during incubation was low, beet yields increased
initially with increasing mineral N tests more ra-

pidly than sucrose content and extractability
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decreased. Above 40 pounds mineral N per acre, re-
coverable sugar yields were sharply reduced. Over
all farms, there was a linear reduction equal to
3.42 pounds of recoverable sugar for each pound of
fertilizer N applied to the beets in the current
year.

Tests for nitrate in beet petioles in mid-season re-
flected both residual and current applications of
fertilizer N and were highly correlated with mineral
N in both fall and spring soil samples (r = .71 and
.61, respectively; P € .001). They were as useful,
by themselves, in predicting sucrose content and
purity parameters as regression models in which soil
tests for mineral and organic N and current fertil-
izer N were all considered. A quick field test,
using diphenylamine, appeared to be as usefully re-
lated to these quality factors as a laboratory de-
termination of petiole nitrate, using brucine.
Variation in amino N in clear juice appeared to be
determined primarily by the availability of nitrate
as reflected in tests for petiole nitrate and soil
tests for mineral N. The K and Na in clear juice
increased with N treatment and with the petiole

tests for nitrate, but were also influenced by other
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factors, notably soil and petiole analyses for K,
which varied mainly from location to location. The
range of "effective alkalinities" encountered in
this study included optimal values for effective
extraction but extended mainly in the direction of
impaired recoverability due to excessive nitrate

nutrition.



CONCLUSIONS

It is apparent from this study that beet yields are
relatively less sensitive to directly available mineral forms
of N in the soil than are sucrose and impurities. Maximum
sugar recoveries represent a compromise between increasing
yield and decreasing extractability of sugar.

Residual nitrogen from fertilizers applied to crops
like corn or beans is apparently carried over in mineral
rather than organic form. The quantity retained in the root
zone would be estimated more accurately by sampling to depths
greater than the plow layer. Data obtained using plow layer
Samples indicate that estimates of mineral N accessible to
Sugar beets may be critical for predicting the processing
quality of the beets. An estimate in late winter or early
SPring would be less subject to ambiguities due to mineral-
ization release during the fall and winter and to percola-
tion of nitrate beyond retrieval by capillarity or direct
accessibility to beet roots.

Mineral N determinations do not closely reflect pro-
ductivity factors which are mainly responsible for wide dif-
ferences in tonnage of beets produced at different locations.

104
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Indexes of organic N release (incubation-released N, hot
water extractable N, and autoclaving released N) do reflect
these differences between farms. Their usefulness for pre-
dicting beet yields appears to be due to the fact that they
reflect differences in quality and quantity of soil organic
matter and productivity factors other than nitrogen supply.
Of the three indexes, the autoclaving procedure appears most
promising because of its simplicity and because information
obtained with fall samples is essentially the same as that

obtained when soils are sampled in the spring.
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Table 32 White pea bean yields in relation to applied N at
3 farm locations

Applied Farm number N
N 1 2 3 treatment
1968 (Eisenman) (Gwizdala) (Wolicki) means
------------ bu/acre ----------—-
40 18.9 18.5 15.0 17.5
80 20.7 16.7 17.2 18.2
160 21.4 17.3 17.5 18.8
240 23.6 18.3 16.7 19.5
480 25.4 17.6 18.9 20.6
Farm means 22.0° 17.7 17.0 18.9
LsD, .05 ns ns ns 1.62

8 a in effect of farms, LSD (.05) = 1.26
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Table 33 Ear corn yieldsa in relation to applied N at 3
farm locations

Applied Farm number N
N 4 5 6 treatment
1968 (Yoder) (Schubach) (Schuette) means
------------ bu/acre -----------
40 95.7 109.7 92.3 99.2
80 99.0 107.1 94.1 100.1
160 103.0 111.4 93.9 102.8
240 101.9 103.4 89.1 98.1
480 100.2 115.0 104.9 106.7
Farm means 100. 02 109.3 94.8 101.4
LsSD, .05 ns ns ns ns

EHWc>isture content corrected to 15.5 per cent at 70 pounds

er bushel
l);: ushe

Main effects of farms,

LSD (.05)
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Table 34 Number corn ears per acre in relation to applied N
at 3 farm locations

Applied Farm number N
N 4 5 6 treatment
1968 (Yoder) (Schubach) (Schuette) means
----------- ears/acre) ---------
40 14320 20470 22150 18980
80 15190 20850 21410 19150
160 15460 20840 21160 19160
240 15140 21680 20720 18980
480 14700 20850 21220 18920
Farm means 149602 20820 21330 19040
LsSD, .05 ns ns ns ns

AMain effect of farms, LSD (.05) = ns
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