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In 1966 and 1967 we conducted studies to determine the levels
of certain amino acids of sugarbeet with different genetic back-
grounds that were exposed to different nitrogen ferum} levels.
\\’0 studied the relationships of these amino acids to several im-
purity compounds and correlated them with each other and with
some vield factors to find information as to where cfforts for
quality improvement might be most effective.

Sugarbect quality is a general term intended to describe the
relative processing characteristics of beets or the ease and com-
pleteniess of sucrose recovery from the raw product.  Anything
that interferes with recovery of white sugar is considered unde-
sirable.  The increased use of nitrogen fertilizers in the produc
tion of sugarbeet emmphasizes the importance of well coordinated
chemical-genetic and soils studies as they pertain to processing
quality.

Recent emphasis in studying quality has been on thin juice
purity and individual impurity components. Currently, thin
juice purity in experimental materials is determined on labora-
tory thin juice by the method developed by Brown and Serro (1)*
and modified by Carruthers and Oldfield (2). This phosphated
thin juice does not differ from factory second carbonation juice
with respect to major impm‘ity components.  Carruthers and
Oldfield (2) report that 70% of thin juice nonsugars are potas-
stum and sodium salts, amino acids and betaine, and that_they
are not present mn Lqua quantltleu

The free amino acids remaining in the thin juice are an im-
portant source of nonsugars. Carruthers and Oldfield (2) state
that one-half of the nitvogen in purified juice originates as amino
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acids, with 59 to 809% of this from glutamine which has both
an amide and amino nitrogen group. Rorabaugh and Norman
{11} rank the amino acids second to chloride and carbonate salts
in deleterious effect on sucrose crystallization rate.  The amino
acids in peptides or proteins arve almost entirely removed in the
juice purification leaving the free amino acids which carry
through to the thin juice. These free amino acids are estimated
by Silin (12) to be about 0.2% of the total beet (fresh weight
basis).

Amino acids have been measured in total and also individual-
ly (12) in various beet juices, and 14 have been reported to be in
sugarbeet.  These individual quantitative determinations have
been made by reflectance density of amino acid spots on ninhy-
drin d(,xelopcd paper chromatograms. A quantitative study of
the amino acids in sugarbeet has not previously been made on an
amino acid analyzer. One of the purposes of the research leading
to this work has been to analyze quantitatively for individual
amino acids by using an amino acid analyzer, and to determine
the effect of genotype and nitrogen fertilization on the quantity
and proportion of the amino acids.

Glutamine accounts for 30 to 809% of all nitrogen originating
from amino acids (2). Glutamine 1is readily dlanged to pyrroli-
done carboxylic acid (PCA) and glutamic acid (to a lesser extent)
during juice purxh(’mon and sucrose crystallization, so that it
represents 10 to 179 of nonsugars in the molasses. PCA is par-
ticularly tmaportant in the later stages of the factory process (2).
Since the amino acids are such an tmportant impurity component,
it is necessary that their intra-and inter-relationships with other
impurity components be established along with the effect of geno-
type and nitrogen fertility.

The case against glutamine, PCA, and glutamic acid has two
facets, since they are not only major contributors to sugar loss
into the molasses, but also contribute to processing difticulties
caused by deamidation of glutamine. This lowers the buffering
capacity of juice and its alkalinity. This is true for anything that
increases the ratio of certain nitrogenous compounds to inorganic
cations; because with such a ratio, the available alkalinity in the
clarified juice is inadequate for achievement of low lime salts,
and maintenance of pH in the sugar end unless large amounts of
soda ash are added. The addition of soda ash increases molasses.

Plants are able to synthesize 18 amino acids and two amides
and to form the constituents common to maost proteins.  About
ore hundred other amuiro and imine acids kave limited distribu-
tions iy high plauts, but for the moesi pare are not incorporated
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intn proteins.  Undoubtedly, ammonia forms the major, and pos-
sibly the only, inorganic nitrogen compound utilized directly for
amino acid bt(;symhmls Recent studies, using N —labeled forms
of ammonia, nitrate and elementary nitrogen, have confirmed
that nitrogen rapidly enters glutamic acid and glutamine mole-
cules.  Aspartic acid, alanine, arginine and other amino acids
are more stowly labeled irrespective of the type of inorganic nitro-
gen nutrient supplied. A Kinetic treatment of N**-anumonia in-
corporation into « -amino groups of free and protein-bound amino
acids has established that glutamic acid, and apparently gluta-
mine, form the only primary products of assimilation.  Alanine
and aspartic acid have been shown to be second ary products of
nitrogen incorporation.

Materials and Methods

Our study consisted of Inboratory and statistical analyses of
36 yicld, quality, and leal component characters from 12 genetic
populations at threc nitrogen fertility levels over a two-year pe-
riod. The experiments were grown under irrigation at the Colo-
rado State University Agronomy Research Center in 1966 and
1967, In both years planting was done April 10-15, and harvesting
on Ocwober 10-15

In 1966, three populations were grown in a split-plot design
with 10 replications. 'Thin juice amino acid determinations were
made only on the fust five IC[)IILdLIOIlb In 1967, 10 replications
of 11 difficrent genetic populations were grown, two of which were
the same ones grown in 1066, In 1967, we determined eight char-
acters on all 1 populations and 28 characters on three popula-
tions (‘Fable 1). In both years nitrogen fertility treatments were
main plots and popuiamnls were :ubpiot&.

The experimental areas each year had a uniform application
of 20 pounds of actual nitrogen and 100 pounds of phosphorus
pe Xlt()\ld(’ (P.0;) prior to Fall plowing barley stubble. Nitrogen
as ammonium njtrate (NH,NO,) was applied the following
spring and harrowed into the wreatment plots.  Nitrogen treat-
ments in 1966 were pmmds 100 pounds (preplant); and 250
pounds (100 pounds, preplant, and 150 pounds‘ side dressed,
after thinning but priov to july 14). The only difference in 1967
was that the middle treament was 123 instead of 100 pounds.
The treatment without nitrogen was clearly nitrogen deficient all
season; the 100 and 125 pound application of nitrogen in both
years resulted in deficiency symptoms just prior to hal\est the
250 pound application showed no deficiency symptoms.

Three populations were grown in 1966, two F, hybrids and
(x\V 359-52R (an open pollinated mvllig‘e m former commercial

‘;} One of the &s ang GW 350-32R were included in the
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1967 experiment along with nine other F,, inbred aund special
populations.

In both 1966 and 1967, we determined root yield and sucrose
content on the roots from which phosphated thin juice was later
recovered (at time of purity determination). This thin juice, ac-
cording to Carruthers and Oldfield (2), is equivalent to the fac-
tory second carbonation juice; it receives no further purification
and the processor must contend with all remaining juice impuri-
ties in the extraction and refining process. We determined im-
purity components on this thin juice and did a complete analysis

Table l.—Characters determined and theic units.

1966 1967
Raots Rootx
Plot weight kgs/size plot Plot weight kgs/size plot
Sucrose Y Sucrose o
Recoverable sucrose Kgs Raecoverable suerose kgsssize plot
Pressed Juice Fhin Juice
Conductivity millimbhos/om? Purity ol
Potassium mgAH00mil
Thin Juice Sodium mg/100mi
Purity 7, Fotal nitrogen mg/ 100mi
Potassium g/ H00mM1 Betaine? myg/ 100m]
Sodium mg/100m1 NOs nitrogen mg/100m1
Total nitrogen mg/100m1 Amino nitrogen? mg/100ml
B aming acids! ¢ moles/ml 4 amino acids® w moles/mil
(asp, gla, gly, {asp, gly, gly,
ala, val, ileu, ala, val, ileu,
leu, lys). lew, tyr, lvs),

Leaves {Duried)?

Copper mg/100g
Cobalt mg/100g
Calcium mg/100g
Magnesium mg/100g
Tron me/100g
Nickel mg,/ 100g

Leaves (Fresh)?
11 amine acids w moles/g
{asp, ser. glu, pro,
ala, val, ileu, teu,
tyr, phe, lIys)

Fresh root (Pulp)® w moles/g
12 amino acids
{asp, glu, gly,
ala, val, ilew,
leu, tvr. phe,
lys, his, arg)

: Determinations made on reps 1 through 5.
? Determinations made only on populations 1, 2 and 6,
a Partial analysis made en 1 to 4 reps of populations I, 2 and 6.
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for the free amine acids using the Technicon Amine Acd Ana-
yzer,. In 1907, we preparad samples for amino acid analyses [rom
fresh leaves and roots as soon after collection as possible.  We
nsed aoid dig‘esred dried leal samples for the determination of
several metallic ions. We collected leat samples just prmr tO
root harvest, We selected the [irst mature, fu]l\ expanded leaves,
w hen going [rom the inner part of the crown fo the outer part.
. here are usually several leaves of this type on cach plant.

In each plot we sampled and 3(01(’1 one leaf from each of
20 plants which helped compensate fox sampling errevs which
were inherent in the *'(*(‘{“mquc The leaves were carefully
stacked, ip to tp and pet iole to pum!e and placed in a DldSHL
bag wirh an identification tag. % transverse center section was
removed {rom each samiple for the amino acid analysis. The re-
maining portions ol each sample were dried for metal analyses.
A complete list of the determinations made on the different tis-
sues 1s outlired in ‘Table 1. Table 2 lists the populations used in
1966 and 1967, along with some of the characterstics of the popu-
lations.

gl
ic

Table 2—Poprlations used in 1960 and 1967 and some »f their characteristics.

Year and

population Characteristics
1966
I GW 358-52R Open pollinated commercial pultigerm varviety
adapted in the Colorado plaing; high yield,
relatively high suarose and thin julce purity.
2. SO3CMS w0 54-158,F Single cross hvbrid: relatively Jow suorose and
thin juice purity: high thin juice nitrogen.
kB 52-430 w3070 Single cross hybrids relatively low thin juice
nitrogen,
16674
1. 32-450 w0 52-3071 Same as population 3 In 1066,
b4 32-803CNS » 32-407 1) single cross hebrids low sucrose and purity;
hivh thin juice nitrogen, .
k3 52.480 x 518106, Single cross hyhrid: high sucrose and purity.
a. A56-2 tigh gintemic acid sclection from Anerican
Crysial Sugar Co,
fi, GW B50-52R Samwe as population 1 in 1966,
7 52-505CA8 Inbred used in s,
8. 52-450 Iobred wsed in Fi's,
9. 52-407 fnbred used in I')'s
16, 54-546 Inbred used in Fi's,
1. 34 Inbred: eurly top resistant, bolting resistant.
12. Ovana Open pollinated white fodder beet.

' Population 4 in original planting plan was deleted from study becanse of paor emer-
gouce and stand,

SMention of o trademork name or a proprietary produci doos not constitute @ guaran-
ter oy yearranty of the predbaet By the TI8DA, and does not finnly s approval o ihe ox-
clusion of othey products that way also bo suitablel
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The sucrose content was determined using the standard Sachs

Le Docte cold digestion method. Recoverable sucrose was calcu-
lated using an equation developed by the Great Western Sugar
Company (7). Plot weight was determined in 1967 on a single
row 19-foot plot bordered on cach side by a uniform competitor,
in 1966 on second row of 19-foot four row plots. Conductivity
was determined on pressed juice by using a solubridge apparatus
that measured conductance in millimhos/cm. Purity was de-
termined on phosphated thin juice (2). The total nitrogen de-
termination was based on the method reported by Payne ¢t al.
(8). Quantitative determinations of betaine were made by a
procedure described by Focht et al. (3), modified by Payne et al.
9).

We determined sodium and potassium on a Baird-Atomic
flame photometer. An atomic absorption spectrophotometer
(Perkin-Elmer Model 290) was used to determine the other me-
tallic ions in the samples. These metal analyses, with the excep-
tion of calcinm and magnesium, were carried out according to
the procedures outlined in Perkin-Elmer's Analytical Methods for
Atomic Absorption Spectrophotometry (1966), as modified by
Harrison and Andre (6).

Leaves for amino acid analyses were harvested on a plot basis
and the samples were prepared immediately after harvest. A 25¢g
transverse section cut from the center of the stacked leaves was
placed in 100 ml of 10% sulfosalicylic acid solution (w/v) and
ground for 5 minutes in a Waring blender. The sulfosalicyclic
acid denatured the proteins present in the sample. After grind-
ing, the samples were allowed to stand until the liquid layer sep-
arated from the foam.

A 10 ml sample was withdrawn from the liquid layer with a
pipette and centrifuged for 10 minutes. This sample was adjust-
ed to a pH of 2.0 with 40% NaOH. The sample could have been
analyzed at once or frozen (at -20°C) for later analysis. Frozen
samples were warmed to room temperature before being placed
on the amino acid analyzer. Any sediment in the sample was
removed by centrifugation before being placed on the columns.
Depending on the sample, 0.5 to 1.5 ml was used for the analysis.
Norleucine was originally used as the internal standard for each
chromatogram but our samples contained dihydroxyphenyl ala-
nine (DOPA) which affected the area of the norleucine peak.
For an internal standard we used I-a-amino-g-quanidinopro-
pionic acid. This internal standard was made by taking a 2.5
micromole/ml solution of rL-e-amino-g-quanidinopropionic acid
in 0.0IN HCI and achustmg the pH to 2.0. Ten ml of this
solution plus 5 ml of 62.5% sucrose were placed in a 25 ml volu-
metric flask and diluted to volume with 0.0IN HCIL.
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The samples were chromatographed on a two-column Tech-
micon Amine Acd Autoanalyzer. The 140 an. 3 6 mm. columns
were filled with Techinicon's type B, 8% cross-linked sulfonated
resin beads. “The column temperature was maintained at 56.6°
C. Gradient bullers, ranging in pH from 2.875 to 5.00, were
pumped through the colwmns, along with the sample, under a
pressure ol 200-300 psi tor 21 hours. Before analysis ol a sample,
three or four duplicaie runs were made using 0. 2 ml of Techni-
con’s 18 amino acid standard solution plus 0.2 2 ml of the internal
standard on each colmmn, The 18 amino acid standard was di-
luted from 2 5 micromoles per mi to 1.0 micromole per ml by
using 2.0 ml of the siandard, 2.0 ml of 0.01N HCI and L0 ml of
62.5% sucrose solution.  [he aveas were calculated on the stan-
dard curves, and the average avca for ecach amino acid was used
to compute the amount of the individual amino acids found in
the samples by comparison to the standavd areas (13}, The in-
ternal standard (6.2 mi) was alse used on each column with each
sample analyzed, so dhat adjusiments could be made for any varia-
tion hetween (unhscs due to pom ble changes in the sensitivity
of the color preducing reagents. Some < hanoes (4, 10) were made
in the procedare a'ong with the arranging of the modules so that
two 21-hour analysis could be run slmullaneously (5).

One ol our objectives was Lo study the individual amino acids
in beets of different genetic backgrounds while exposed to dif-
ferent fmuht} fevels,  Inoorder to get a measurable amount of
some of the other amino acids and Leeo the glutamic acid curve
on the paper, the arm yrer worked best under the conditions of
concentration and pii deseribed above for a single run. By this
procedure we were able to study a primary amino acid product
and some secondary ataino acid products of nitrogen assimilation.

‘i'he autoanalyzcr system was modilied so that the ninhydrin
and hydrazine sulfate were kept separate until they had passed
through the proportioring pump.  They were completely dis-
solved in each other in the tirse mixing coil in discrete units sep-
arated by nitvogen. inlike manner, the sample was mixed in this
solution in a second mixing coil before going through the reac-
tion bath where it was heated to 90°C for approximately 24
miinutes for color reaction to take place.

This procedure determined the following amino acids in mi-
cromoles per gram of fresh leaf: aspartic acid (asp). threonine
(thy), serine (ser), glutamic acid {glu), proline (pro), glycine
{ely}, alanine {ala), valine (val}, isovaline (ival}, cystine (cys-S-5-
cysy, methionine {met), isoleucine (ilen), leucine (len), tyrosine
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(tyr), phenylalanine {phe), oraithine {orn), lysine {lvs), histidine
(his), tryptophan mx) and arginine  (arg). Glutamine and as-
paragine were also present but not measurable. Unknown amino
acids with peaks appearing beoween alanine and glycine and be-
tween ornithine and lysine are being studied.  Ammonia was not
measured.

A composite root pulp sample was prepared on a plot basis
from the mdividual beets with a vasp. A sample was taken from
the crown to the tail of each individual root in the plot. and the
composite sample was mixed belore taking out a 25 ¢ sample of
the pulp which was immediately placed in 100, ml of 10% sul-
fosalicylic acid solution and ommu? for 3 minutes. The ground
root sample was then treated in the same way as the leal samples.
The stored samples were brought to roora temperature aad cen-
trifuged sefore a 1 oml sample was withdrawn and analyzed on the
Technicon amine acid apalyzer.  Micromoles of amino aclds per
gram of root sample weve caleulated aguinst standards as before.

The thin juice was prepared according to Carruthers and Old-
field (2. The thin juice was adjmt(*d to a pil of 2 and the sam-
pleb were frozen until they were put oun the amino "wd analyzer.
A thin juice sample of 0.5 ml was chromatographed along with
the internal standard. "the results were compared to amino acid
standards and reported as micromoles per milliliter,

Results

The experimental vesults will e presented for each year, and
relationships between vears will be injected wherever pelmlu)t
Also, discussion necessary to maintenance of continuity will be
included with the results.
Year 1966

Means for plut characters and thin juice characteys in 1966
along with multiple (\nog tests for (hffmﬁnccs among all means
zuc shown in Table 3. The hybrid 52-430 = 52.307, T, (pop 3
had relatively low root ueld and was apparently unable to benefit
from the additional nitrogen n the 250 pound per acre treatment.
The high rate was about 150 pounds in excess of the commercial-
Iy recommended rate. "1This same hybrid declined in sucrose with
increasing nitrogen but attained its highest purity at the 100
pound nitrogen rate. Hence, this genotype had a considerably
different nitrogen response from the commercial variety (pop 1)
and the other hyhnd (pop. 2). Populations ! and 2 were vather
typical in their nitrogen response.  Recoverable sucrose was max-
imum at 100 pounds of nitrogen. Io populations 1 and 2 the ad-
ditional root yield at 250 pounds of nitrogen was more than off-
set by Jower sucrose and puriiy.
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Ameag the thin juice impurity compouents i hybrid popu-
W 3w found thzxt sotasstam aad sedium were ol inuch

s populaiions 1 oand z0 However, th{:‘ weinh ihin
@ itrogea ac 254 pounds of mirogen per acre was towe
i populations 1 and 20 In fact, wtal nitrogen 1<i NOT 1Crenss
with the additional 150 vounds of aluogen. "This ¥, genotvpe
was nos capable of wulizing the aadidenal nitrogea which fuuc-
soned giore 2s @ repressor or nhibitor thau growth saunulator.
“Uhis peculiaricy 1o wotal whi juice nitrogen of nopuhnum S wa
partly a reficcion of the anmuno weids i dhe thin juice. o the
case of nopulation 3 there was no signiticant change in any of
the amino acids in going from 100 w 250 powands of aitrogen. 7 he
absence of chuaige may mean that the nitvogen ncorporation into
ihe secondary ;:mdu(‘tz; was deterred or that the proveds was
stowed aown.  “The awouat of glatamuie acid repnrted in i
Juive 1s not the amount of giulamic acid In ibe rooi, becatse ai
the pH of the sampie, and with dme, some gluianiine changes
to pyrolidone carboxyhe aad (2CA) and, to a wesser extent, 0
giutarne wovi, ilso, the change of asparagine to aspartic acid
Qoes 011 undcr‘ these conditons o w minor extent.  In popoeladions
1 ai:" 2 there was a marked inereuse 1o wil eight amino coids from
both vitrogen increases.  This 1 tuva was reflecced 1n the popu-
fwlon ameans where population 3 never had @ higher content of
any amino aad than the other itwo populaticis.  Smimo acid
quantitics acreased signilicandy with the incvease 1 mitvogen
fertilizannon. Thus, the individaul amino acids left in the thin
]mc\_ increased with an addivonal supply of nitrogen but maxi-
micea under abundant nitrogen aw some point that was genotype
dependent.

N h‘}“

The elght oo aads sted s Table

& were those present o
the thin §m<'&'> nomcasuwyable quantiey sud weee not occluded on

E CBTOLteg

Lie all samples we had citlic:liy separciing the amine woid
peaks in the threomuescrine avea of the (,L;mmatogmms when
we used the buffer systemn and temperatare necessary o obtain

saration of the other amino auds i a single van, The medium

hreonine peak was usually occladed o the larger peak in

the serine positici. ierclore we could not a'\'a'uz'a\cly calculate
the atcunt of threcnine preseut in the sample. Zhe large peak
fir the serine position oiten showed two, sometimes three, closely
occluded peaks of different sizes. We auvempred to iaentify these
occluded peaks and thelr respective positions by use of known

amino acids. As a resule we believe them o ve serine, asparagine,
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Table 3—(Continued)

Population &/or

Amino acids in thin juice (u moles/ml)

pitrogen ireatment asp gla gly ala val ilen fen Lys
I GW 359-52R
0 lhs N 0.342¢ 4.760¢ 0.034¢ 0.136b 0.078¢c 0.122h 0.116h 0.022b
100 Ihs N 05120 1.074b 0 0620 0.246h 0.130b 0.198b 0,204 0.0321
250 1hs N 0.8665a 1.608a 0.112a 0.606%a 4.280a G430a 0.508a 1.064a
2. 52305CMS ¢ 3-458,F
0 ibs N 0.422h 0.954b 0.048b 0.154a 0.086b 0.136h 0.144b 0.030b
160 1bs N 0.460h 1.088b 0.048h 0,168 G.114b 0.206h 0.2080 0.034h
250 Tbs N 1.082a 2.066a 0.090a 0.280a 0.108a 0.3902 0.5382 0.070a
5. 52430 x 5%-307.F,
0 bs N 0.268b 0.894h 0.034a 0.0882 0.056a 0.058h 0.070a 0.022
100 1hs N 0.4682 1.2023 0.0442 0.154 0.004a 0.148ab 0.1564 00423
250 Ihs N 0.5542 1.374a 0.038a 0.150a 0.084a 0.126a 0.142a 0.030a
Population
1 0.573a 1L.147D 0.0602 0.548a 0.166a 0.250u 0.2765a 0.0392a
2 0.655a 1.369a 0.062a 0.201b 0.133b 0.244a 0.297a 0.045a
3 3.43500 1.187b 0.030h 0.131b 0.078¢ 0.111b 0.128h 0.028b
N Treatment
0 lhs 0.844¢ 0.869¢ 0.039¢ 0.126b 0.073¢ 6.105¢ 0.110¢ 0.025b
100 1bs 480D 1I51B 0.051D 0.180b 0.11%b 11841 0.180b 0.033b
250 1bs 0.834a 1.683a 0.080a 0.564% 0.191a 0.315a 0.306a 0.055a

G
i
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and glutamine. In thin juice and root samples the largest occluded
pe ak seems to be glutamine. We hope with further work on this
problem that we can find a method ro separate these peaks so
that each can be measured accurately. Other amino acids de-
tected in trace quantities were proline, cystine, methionine,
tyrosine, phenylalanine, arginine, histidine and tryptophan.
Any quantity with an optical density reading on the chromato-
gram charts of less than 0.020 was considered to be a trace.

Among the eight prevalent measurable amino acids, aspartic
and glutamic acids were most abundant and there was roughly
twice as much glutamic as aspartic acid. This was as expected
because OIaztamu acid and glutamine are primary products of
nitrogen assimilation and aspartic acid and alanine are secondary
products of nitrogen assimilation. In populations 1 and 2 at 250
pounds of nitrogen, alanine, valine, isoleucine and leucine were
present in quantities which we consider significant in relation
to quality; hmvever, this was not true in population 3. In popula-
tion 3 only glutamic and aspartic acids were present in significant
quantities.

It should be remembered that these determinations were made
on thin juice which had been purified and the amino acids
present would have been primarily free of soluble amino acids.
The amino acid content of thin juice is not necessarily a reflec-
tionn of amino acids in the raw juice or rvoot. Also, free amino
acids in an organism tend to be very labile and represent a meta-
bolic pool whmh may vary consldcmbh being a function of both
environment and genotype. The amino aud‘; in thin juice would
be expected to be less labile than in leaf tissue.

Thin juice samples came from roots harvested at different
hours of the day, since it usually takes several hours to harvest
an experiment. They were sampled at slightly différent lengths
of time after harvest, since sampling in an experiment also takes
several hours. However, the relationships among amino acids and
with other characters, as shown by correlations, were quite con-
stant and did not show a lot of random or unaccountable varia-
tion. This constancy was also reflected in the analyses of vari-
ance by the total absence of population X nitrogen > replication
interaction for any of the amino acids.

The difference in amino acids was generally greater due to
nitrogen treatment than to population effect, at least for combina-
tions selected. There were increasing amounts of amino acids
with increasing nitrogen except in population 3 as pointed out
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previ ously This Liorzase apnearcd to be generally nonlinear,
depending on hoth e pummlux amisio acid and the populatioin.
There was a significant population X nitrogen mnteraction for all
8 awaiuo acids, usually due o population 3 at 250 pounds of nitro-
gen This represends a ditierential genetic response to increased
nitrogen.  The direcuwon of tie response in population 3 was
desirable, bui this appeated to have resclted from the inability
of thiy genolype to utilize lugher wiwrogen rather than utilizing
it i a more officient ana desivable manmner.

Stmple correlations wmong individual thin juice ammo acids
L 1966 were high and significant withu p()pald ions (52 of b4 v
values weve significant, the nonsignihcant r’s were all in pop.
3} particularly within populations | aad 2. "This was probably
due o the ratner direct response of all amino acids to altrogen
fevdlization.  The same (ype correlations within nitrogen ireat-
menis were ot as high, particularly with glutaric acid.  This
lacier Mu was Lutercsiuing since &'httéinlf(i acid was the most abun-
dani. This geweral reduction in corrvelation was a reflection of
the secondary importance of the genotype compared to nitmgen
{oreilioy level in uiii\{(uﬂuo the quwnuiy of amino acids.

'

The simple correlations for atl characters within populations
and within nurogen treatents ror 1966 were not tabulated,
therefore only the mformation dertved from these correlations
will e discussed. Correlations within nitrogen wreatments with-
ir: populations were generally not significant, due to only three
degrees of freedom for testing . An examination of relations
way wade on tne 1467 amino xi(“ld data where complete data were
availavle on 10 replications instead of oaly five
Fear 1967

Data froqn dhe 1867 c\:pmimem wore more exiensive than
ihose 1a 1966, Eleven populanions were included aad eighe char
acters (noted m '[d bie 1) determined on cach. On populmmns
1 2 ana 6 a total of 36 determuations were madc, all on 10 repli-
Caltons within (Eu th;u nitrogen fertiniey levels.  Means for the
cight characters ave shown in {able 4. Populaiton 1 was ine
same F, hiyorid that appeared as population 3 in 1966 and popu-
lation 6 {(;\’» 350-52R; was the same as population | in 1966,
Populations 7 througn 11 were inbred lines most of which were
parents of the ¥, populaitons 1, 2 and 3. Populavon 5 (A59-2)
was an increase of selections for high glutamic acid from detu
vidgaris X Bela mucrocarin, T 1’0)1111& i1 12 {Ovana was a
fodder beet developed 1 Furope {rom a sugarbeet X fodder beet
cross. It would be expectea to be of poor yuality by sugarbeet
standards,



Table 4.—Means and tests of differences for plot and thin juice characters on all 11 populations in 1967,

Thin juice

Pop. &/or N Root Rec.
treatment Suc. weight Pur. SuC. K Na
L o N 15,6627 8.05a 92.48a 1.059a 94.5b 1.2
1268 N 15.47a §.18a 92.28a 1.109a 97.8b 33.8a
2504 N 14.24D 8.74a 90.27a 0.998a 126.7a 43.0a
% 0 N 15.74a 12.55h 92.92a 1.68lab 121.2b 30.5b
125% N 14.96a 15.11a 90,101 1.795a 133.7b 42.8a
2504 N 15.64b 14.68a 89.56b 1.576h 155.4a 18.8a
3. 04 N 15.78a 10.79ab 93.50a 1.446a 77.8b 28.0b
125# N 15.21a 10,001 93.29 1.299a 89.7ab 39.3ab
250# N 11.16b 12.07a 92.01a 1.434a 102.0a 43.7a
5. 0% N 14.66a 12.54b 91.66a 1.529a 98.9b 41.2b
125% N 14.20a 14.36a 90.20ab 1.615a 111.4b 44.3ab
250 N 12.96b 15.66a 88.32b 1.538a 154.Ba 55.0a
6. 0% N 15.45a 13.42a 93.15a 1.782a 97.4c 32.3b
125%# N 14.33b 14.50a 90.22h 1.666ab 114.1b 52.9a
250% N 13.50¢ 14.24a 89.05b 1.488h 135.5a G1.2a
i 0# N 16.55a 4.93a 93.36a 0.690a 98.1c 14.7a
1265 ™ 15.62a 5.659a 91.15a 0.740a 117.3b 21.4a
2508 N 14.22b 5.56a BH.67h 0.611a 144.7a 19.92 °
8. 0 N 14.89a G.19a 92.17a 0.758a 98.9¢c 34.0b
1254 N 13.54b 5.24a 80.35Db 0.5589ah 118.5b 47.6a
2504 N 13.12b *4.64n 87.81b 0.461h 146.3a 45.1ab
9. 0Z N 14.77a h.8la 92.51a 0.721a 101.4b 30.8b
1254 N 13.50h 6.86a 89.61b 0.727a 115.0b hi.2a
250% N 12.67¢ 6.10a 88.08b 0.587a 135.6a 57.1a

52.3¢
69.6b
83.4a

29.7h
44.6a
52.2a

5d.1c
7050
80.2a

43.5¢
67.7b
83.8a

50.5¢
66.5b
90.5a

45.8b
55.3b
71.6a

35.6h
60.2a
G7.8a

15.01ab
17.79a

12.91b
17.21ab
24.47a

6.46h
14.36a
16.44a

12.69b
15.57h

27.12a

9.76¢c
17.19b
27.60a

5.000
11.17ab
15.65a

7.13b
11.84b
19.40a

7.52¢
19.91b
27.8%a

! Means followed by the same letter, within populations, do not differ significantly (P<0.05).
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Table 4~ (Continued)

Thin juice

Pop. &/ovr N Root Rec.
treatment $uc. weight Pur. suc. K MNa N NOw N
10, 04 N 15.6%4 4.85a 95.74a 1.609a 73.5b 20.1h IR R
1252 N 14.92a 4.55a 91.87b 05614 3¢ 36.6ab
2504 N 11.03b 5.04a 93.11h 0.607a 18.2a
. 0F N 15.88a T4 92.90a 0.984u 2461 40.7¢ 547D
1258 N 14.84b 9.66a 91.18ab 1.186a 35.0a (6.4 §.95ah
250# N 14.18b 13.08a 86.36b 1.182a 3thta 86.3a 13,604
12 0 N 8.86a 18.66Dh 34.80a 1.045a 156.9¢ 84.4b T 7h 35.83%¢
1252 N : 21.60a 31.00b 10384 217.6b 115.%a 106.5a H9.18h
250# N 21,840 77.59¢ 0.805h 249 8a 121.2a ius.la 620
Popujation 1 15.12ab §.42d4 41.63b¢ L0535 106.53de 36.0¢d 61.4cde 12.68¢
2 14.78b¢ T30 90.86cd 1.684a 1306.8b 40,7 be a8.1he 18200
3 15.05ab 10.95¢ §2.87ab 13950 A7.0¢d 12.2¢ 12.42¢
5 13.94de 14.19b G106 1.5061a 16.0b 71.2b I8.46b
6 T4.4%cd 14.080 90.81cd 1.645a 24 4e 63 Obed 18,190
7 I8 5.50¢f 91.06cd g.n8ie 4.5 6. 1 be 10,0k
8 15.85¢ A.86ef 84.77d 0.509%¢ 42.2he 57 dide 12.7%¢
9 15.6%¢ 6.26¢ G0.07d 1.679¢ 48.0b 54.6¢ 18.44h
10 11.87hc 4.641 43.58a USRI 52.0d 3830 #.16¢
i 14.9%ab G.044 91 Ted 1.O%7¢ 29.3de 64.5bed 93¢
19 8141 20.70a #0.R0¢ 0.962d4 07 .0a 96.1a 57.09a
N Trmt, 14.88a 9.52h 92.18a 1.119a 34.8¢ 46.2¢ 10.56¢
14.08b 10.55a 90.02h 1.118a 47.2b 64.00h 17.760
13.09¢ 10.78a 48.33%¢ 1.020b 5174 775 25 45a
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Theve were significant differences in sucrose content among
populations, nitrogen treatments and nitrogen treatments within
every population. Hence, without exception sucrose declined
with iocreased nitrogen fervtilization. There was no population
by nitrogen treatment interaction; sucrose declined at the same
rate in all populations.

In the case of root weight there were considerable differences
among populations; the fodder beet had high yield while the in-
breds had typically low yield. The mean for all populations
within the 125 and 250 pound nitrogen treatment was not dif-
ferent, but both were greater than the 0 treagment. So on the
average there was little or no yield response beyond 125 pounds
of nitrogen. There was a significant population X treatment in-
teraction; not all populations responded in the same manner to
increasing nitrogen. Fhis was particularly true of populations 2,
6, 7 and 8. This interaction was of interest because it indicated
that there were genotypes which were more capable of utilizing
the available nitrogen to increase root yield.

Thin juice apparent purity was significantly different from
one population to another; this was of most interest in the hybrid
and commercial populations. With increasing nitrogen, purity de-
clined, in the same nonlinear fashion as sucrose content. Theve
was no interaction of population X treatment indicating the dom-
inating effect of nitrogen environment over genotype.

Recoverable sucrose was a function of weight, sucrose and
purity, but weight was the dominant {actor. Recoverable su-
crose is more uselul than gross sucrose since extractable sucrose is
the economically valuable product. There were significant dif-
ferences among populations with 2 and 6 producing the highest
quantity. Because of the rapid decline in sucrose and purity
and less rapid increase in root weight, recoverable sucrose was
not different at 0 and 125 pounds of nitrogen, and both were
higher than at 250 pounds. Within populations recoverable su-
crose at 250 pounds of nitrogen was either the same or less than
at 125 pounds. Therefore, 250 pounds of N would represent an
economic loss at the levels of available N in the check treatment
for this study. The amount ol available N initially in the soil
is an important factor to consider in determining the rate of
fertilizer N to recormmend in order to prevent a negative effect
on recoverable sucrose.  Among the 11 populations there was no
interaction of populations and N treatments for recoverable su-
crose.

The thin juice is probably the most tmportant plant material
for analysis of nonsugars, since this is considered to be the equiva-
lent of second carbonation juice in the factory {2). All nonsu-
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crose compounds in this juice persist through the sucrose extrac-
tion process and terminate in the molasses. Seven characters, in
addition to nine amino acids, were determined on thin juice in
1667. Purity of this juice was mentioned above. Purity is an in-
dex or ratio indicating the portion of total soluble solids in the
juice which is sucrose.

Potassium is a rather important cation in the thin juice. With
respect to potassium content, there were significant differences
among nitrogen treatments and among populations. There was
also a significant population by nitrogen treatment interaction.
Although potassium increased in every population with increased
nitrogen fertilization, it did not increase at the same rate. Sodium
in the thin juice behaved in the same manner as potassium.

Total nitrogen in the thin juice was significantly different for
nitrogen treatments and for populations but their interaction was
not significant. Hence, total nitrogen increased the same in all
popuhunns with increasing nitrogen fertilization. However,
there was considerable difference among populations which repre-
sents the potential for developing populatlons with low total ni-
trogen along with other desirable characters.

Nitrate (NO,) nitrogen in the thin juice was the only other
character measured on all 11 populations. Nitrate (NO;) nitro-
gen represents a form in which nitrogen is commonly translocated.
There were significant differences in NO, among populations,
among 1‘1111()0011 treatments and among mtrt)ﬂen tlea[ments with-
in popuht:ons (interaction). Averaged across the entire experi-
ment about 6% of the total juice nitrogen was contained in NO,.
This compares with about 4% of the total thin juice nitrogen
contained in glutamic acid. The total nitrogen contribution of
a compound is not a good measure of its melassigenic power. Rath-
er the effect of the compound on the sucrose crystallization. rate
and the effect on the pH or buffering capacity of the juice are
the factors that determine how an impurity affects the recovery of
sugar. It is generally considered that the nitrite-nitrate-nitrogen
content of various factory juices changes little and goes through
the factory unchanged with only slwht elimination.

Means of 28 characters measured on three populations are
listed in Table 5. The thin juice and leaf characters were deter-
mined on all 10 replications, but the root amino acids were meas-
ured on 1 to 4 replications and should be considered less reliable.
Muitiple range tests have Dbeen calculated across N treatments,
across populations and across N treatments within populations.
Within any group means followed by the same letter do not differ
significantly.



Table 3—Means and tests of differences for thin juice, leaf,

arul voot charicters measeezd ou 3 populudiss tn 1867,

Pop. &'or N Aminag heta- Thin juice B

iyeatment N ing asp gl aly ala val ileu Ieu oy Ivs

1. 11.84b¢ 16090 0.9854 00848 3175 00770 0145 .13 1.056u 4.03%0
3. 180,91 [.117a 008052 0.167a L0848 002024 13,206a ho1oa .26
22.97a 20024 1,286y 0,085 U.220u 0491 6.202a $5.92%u SRERP 0.0%10

2. 14.08¢ 168.10 10180 1.551h 9.065h H.112h 0.3300 .113h 0.1 18D 0.4186h (1.02%0

ASb 130 tab 1.505ab H3E R 3 0.085ub 0.173ab 0.119a 3216 01,2300 0.1614h 1.059

24.56a taida L.367a X 0.106a 0.2184 0.125a 1.301a 05350 0.277a [INEER EN

6. 52 12280 At 00860 03210 0G.200¢ 0.21%¢ 0.042h
25726 i33.7ah FO06a G.115a H1R%a [EINR N 13460 .052ah
20734 f1dna R IBT 6.166a 0.218a [UGIREN thdsia B574

Popuiation

W i rcativent

18.33b
[RSRERTSS
240

T+ tic
20.64h

25.76a

15304
165.0b
170.4a

0.91%¢

1949

0.085h
Qawah
04,1584

1.078¢
0.105h0
0.1 4a

0.190b
0,168
Ootdda

0.177¢
(.2760

00861
[INIERRH
G4 7Ha

.08/
01300
0.4 a

0. 184
3.2500L
0.300u
1650
09310
0.402a

0.176¢
0.277h
0.43%4

0.086¢
0.202b
02004

0.0500
3.0%40
00500

< Aleuns followed by thae saae Tetter do oot

differ significantly (F=<0.05).
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Table 5——(Continued}

icd 1
Pop. &/or N Dricd leaf
treatment Cu Co Ca Mg Fe Ni
1. H 1.89%7a 0732 383 .45 34708z 23550 [.275ab
s el 2.150a 0.708a 415.57a 456.12a 206.811a 11550
250F# N 2.21%a 0.756a 180,20 498,974 28.571a 1.305a
2 & N 4.260a 0.5040 T39.78a 584590 2568348 1.2%0a
1263 N 1.811b 0.720a 757.46a G88.024 24.710a L2150
508 N 17560 0.768a 710.72a T53.75a 20.921a 1.200a
6 0fF N 2.08% .804a 600.63a 464.70u 25 ¥ 1.200u
1254 N 1.866a 0.73%a 597 86 450614 250182 1.290a
2507 N 1.711a 0.708a 565,454 3h4.500 29,1482 12182
Population
1 2.086a 0.732a 429.94¢ 427.30b 4.64%7a 1.245a
2 2.600a 0.764a 742630 608,782 25,778 1.225a
§ 1.880a 0.748a 564.67h 484.97h 26.50654 1.255a
N Treatment
i N 2.750a 07802 581454 465 Afic 24.8%5a 1.285a
125%# N 1.958% 0.720b 566.99a 524.92b 25.511a 1.230a
QB0 N 1.805b 0.744b 538.81a 395.70a 24.64%a 1.240a
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Table b—(Continued)

Pop. &/or N

Fresh leaf

treatment asp ser gha pro ala val ileu leu tyr phe Iys
L 0 N 0.344c¢ 0.569b 0.328¢ 0.208¢ 0.792b 0.129b 0.072¢ L.OT6H 0.072¢ 0.071b 0.040b
1254 N 0.428b 0.560b 0.376b 0.276h 0.784b 0.144a .084b 0.088a 0.080b 0.084a (.044a
2505 N 0.532a 0.740a 0.412a 0.352a 0.872a 0.140a 0.132a (L0B8a 0.108a 0.084a 0.040b
2. o N 0.496¢ 0.468¢ 0.320b 0.300¢ 0.852h 0.120¢ 0.048¢ 00726 0.0560 0.044b 0.044¢
1253 N 0.560h 0.548b 0.852a 0.3496b 0.472b 0.144h 0.0844 0.0883 0.068a 0.048a 0.0582
2502 N 0.628a 0.600a 0.344a 0.668a 0.932a 0.1560a 0.068h 0.088a 0.061a 0.0524 0.048b
6. 0# N 0.356¢ 0.538¢ 0.340¢ 0.164c 0.804¢ 0.128¢c 6.064¢ 0.084h 0.064h 0.051¢ 0.040p
1258 N 0.476b 0.580b 0.380b 0.236b 0.852b 0.140b 0.072b 0.08%a (L.068h 0062 0.044a
2504 N 0.612a 0.712a 0.436a 0.206a 0.904a 0.118a 0.112a 0.088a 0.100a 0.056b 0.041a
TPopulation
1 0.435¢ (.625a 0.572h 0.279b 0.816¢ 0.138 0.006a 0.084b 0.0874 0.080a 0.041¢
2 0.561a (1.539b 0.339¢ 0.455a 0.885a 0.141a 0.067¢ 0.033b 0.063¢ L.048¢ 0.048a
6 0.181b 0.612a 0.385a 0.282¢ 0.853b 0.139a 0.083b 0.087a 0.077b G.057h 0.043b
N Freatment N
0# N 0.398¢ 0.525¢ 0.329¢ 0.224¢ 0.8]16¢ 0.125¢ 0.061c 0.077b 0.064c 0.056% 0.041¢
1254 N 0.438h 0.5630 0.369h 0.303b 0.8%60 0.143b 0.080D 0.088a 0.072h 0.0652 0.047a
250z N 0.581a 0.684a 0,397 0.4392 0.9032 0.1484 9.104a 0.088a 0.091a 0.063a 0.014b

* Probably Includes asparagine and glutamine,
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Looking at thin juice amino N, there were significant differ-
ences due to N treatments both within and across populations and
also differences due to population. Differences due to N treat-
ments were greater than those due to populations.  The propor-
tion of amino N in the total N went up slightly from 0 to 250
pounds of N, 30.6 to 33.2%. "This proportion varies more for
populations, 27.8% for population 2 to 34.9% for population 6.
Since amino N is one of the most deleterious type of nitrogenous
compounds, the proportion of amino N in the total N could be
an important consideration. Population 2 at 27.8% would be a
more desirable genetic population than 6 at 34.9%.

Betaine was present in quite large quantity in the thin juice.
It has low melassigenic power but was present in such large quan-
tity that it became important. There were significant differences
in betaine quantity among populations, N treatments and N treat-
ments within populations. Betaine always increased with increas-
ing nitrogen, but the differences due to genotype (|‘)0pul'itirms\
were greater than that induced by N treatment. The nitrogen in
betaine in this experiment constituted about 39% of the total N
at (0 pounds nitrogen down to 30% and 27% for 125 and 250
pounds, respectively. Hence, as available nitrogen increased,
proportionately less was found in the form of betaine. This was
unfortunate since the other more melassigenic compounds in-
creased proportionately. The proportion that betaine N was of
total N was 35%, 519, and 249% lor populations 1, 2 and 6, re-
spectively.  'The proportions were not greatly diflerent from N
treatments so one can say that genotype and nitrogen environ-
ment had about equal effect on the proportion of nitrogen tied
up in betaine. It may be fortunate that such a large part ot the
thin juice nitrogen was present in betaine since betaine is one of
the least noxious, with respect to sucrose recovery, of the nitro-
gen containing compounds, but unfortunate that ‘the proportion
of betaine declined with increased nitrogen fertilization.

The free amino acids present in measurable quantity in the
thin juice ave listed in Table 5 Glutamic and aspartic acids
were the quantitatively important ones. Serine, threonine, as-
paragine and glutamine (not measurable because of occlusion)
were less than glutamic but probably higher than aspartic acid.
The other seven amino acids appeared in small quantity but
jointly they became important. Seven other amino acids (methio-
nine, phenylalanine, histidine, tryptophan, arginine, proline,
ornithine) were present in trace ¢uantities as well as three un-
knowns, one of which appeared in appreciable ¢uantity.
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Almost without exception the amino acids increased quanti-
tatively with increased nitrogen fertilization. The amount of
increase was dependent on genotype which led to the significant
population by N treatment interaction in six of the nine measured
amino acids. Nitrogen treatments caused a significant change in
every case while aspartic acid was the only case in which popula-
tions showed no significant difference. Hence, the free amino
acid content of thin juice was a function of available nitrogen
while the rate of change was a function of genotype.

For example, aspartic acid increased by 835% in population
6 in going from 0 to 250 pounds N while in population 1 and 2
it increased only 28% and 34% respectively. Tyrosine was most
1e*;pr)ns1\c to increased N; it increased 175%, 222% and 3069,
in going from 0 to 250 pounds N in populations 1, 2 and 6 re-
spe(,uul} Tyrosine was rather minor in quantity, however. In
general, populations 2 and 6 increased more rapidly in amino
acids than did population 1, but the latter population was one
which responded least to increased N in 1967 and hardly at all in
1966. It was a genotype which lacked the capacity to utilize
nitrogen.

Even though one expects the quantity of free amino acids in
a plant to be quite labile, those in the thin juice were very con-
sistent and reflected quite distinctly the N treatment and popula-
tion effect. Apparently the free amino acid content in the root
at harvest time was quite stable.

Only limited data are reported for amino acids in fresh root.
These amino acid analyses were made from samples of pulp or
brei. Unfortunately, very few replications were sampled so that
there were no errors or tests of differences for these means in
Table 5. Twelve amino acids were present in measurable quan-
tity including phenylalanine, histidine and arginine which, were
not present in thin juice. Those nine amino acids present in
both thin juice and root rank quantitatively in exactly the same
order in both sample sources, the only difference being that the
amino acids in the root were only 30% to 40% as much per
gram of pulp as per milliliter of thin juice. This could be ex-
pected since all proteins and insoluble solids that were present
in the pulp were removed in the thin juice purification process;
the thin juice can be considered more concentrated with respect
to free amino acids.

The quantities of the three additional amino acids (phenyla-
lanine, histidine and arginine) were insignificant. All the amino
acids in the root responded to N treatment and population in
virtually the same way as in thin juice. Again, tyrosine showed
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the greatest response to nitrogen. It appeared that either root
tissue or thin juice could be used equally well to determine the
relative quantity of free amino acids in beet roots.

Leaves were also harvested just prior to root harvest. Samples
for amino acid analyses were prepared [rom fresh leaves immedi-
ately after harvest. Dried leal samples were used for analyses for
metallic ions (or metals).

There were 11 free amino acids present in measurable quan-
tity in fresh leaves. In comparison with thin juice, glycine was
not present in measurable quantity, but serine, proline and phe-
nylalanine were present and measurable. The’quantitative rank
of amino acids in fresh leaves was quite different from thin juice
or root. Alanine was most abundant followed by serine (possibly
with asparagine and glutamine), aspartic acid, glutamic acid,
proline and valine in that order. With minor exceptions, the
quantity of leaf amino acids increased with increased nitrogen
fertilizer. The response was, on the average, slightly less than in
thin juice.

There appeared to be little relationship between population
rank for leaf and thin juice amino acids. It appeared that the
relative quantities of leaf amino acids would not serve well as in-
dicators of root or thin juice amino acids. One would expect
free amino acids in the leal to be a rather dynamic metabolic
pool, changing over the season, from light to darkness, and even
from hour to hour. No direct measure of this quality was made;
but relatively large error mean squares for all the leaf amino
acids indicated that there was more plot to plot variability than
for thin juice amino acids.

The dried portions of the leaf samples were analyzed for cop-
per, cobalt, calcium, iron, nickel and magnesium. There were
no meaningful or consistent differences in quantity of these
elements due either to N treatments or populations. These ele-
ments in the leaves did not appear to provide any useful infor-
mation relative to quality and genotype performance.

In order to establish the relationships of 36 characters for
which an orthogonal set was available, simple correlations of all
36 were calculated. Also, correlations of the 8 characters meas-
ured on 11 populations were calculated but not tabulated. Among
the 8 characters across all 11 populations it was interesting to
note that nitrate-nitrogen (NO,-N) in the thin juice was more
highly correlated with sucrose, root weight, purity, potassium and
sodium than was total nitrogen in thin juice. These same cor-
relations within populations across N treatments were about
the same for NO.-N and total N, except for population 12 which
was the fodder beet. In this population NO,-N was much more
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closely related to the other six c¢haracters than was total N, This
was particalarly true for sucrose, voot yield, purity and recover-
able sugar. This must indicate that many times some of the ni-
trogen included in total N must be in a form which is not so
detrimental to sucrose accumulation and purity.

Simple corrvelation coeflicients gave some idea of the effect
of nitrogen fertilizer on relationships of various characters across
a fairly large samnple of genotypes.  Root weight was negatively
correlated \\'it] sucrose to about the same degree in all N treat-
ments (D.61%% -0.56%% and -0.60%*%). The same was true for
sucrose with pmz yER (.82 #, zmd 0.85%%) .and weight
with purity (-0.5 , and -0.50* Recoverable sucrose
was related to weight ar 0, 125, and 250 pg)und% NO{0.69%F, 0.66%%,
and 0.62%%). It was re lated to purity only at 250 pounds N
(0.24%) and was related to sucrose only at 125 and 250 pounds of
N (0.20% and 0.22%).

Thin juice K maintains the same corrvelations with other
characters across all N treatments. It was not correlated with
recoverable sucrose, nor were sodium, total N and NO.-N cor-
related with recoverable sucrose at any of the N levels.  Correla-
tions of INa with the other characters were not greatly changed by
N wreatment.  Correlations of total thin juice nitrogen with
weight, sucrose, and K were highest 1L 125 pounds N, but cor-
mlamms with purity and Na declined with increased nitrogen
fertilizer. Nitrate-nitrogen in the thin juicc was, with minor
exception, most highly <onehted with all other characters at all
N treatments.

The correlations of NO.-N with the other seven characters
did not change with change in N treatinent, except NO,-N with
total N where the correlation was greatly reduced at 250 pounds
of N, from 0.82** and 0.83%% ar 0 and 125 pounds of N 1o 0.44%*
at 250 pounds. At this level of excess available nitrogen, NO,-N
was no longer a strong indicator of the nitrogen bﬂan(e and rela-
tionship of nitrogenous compounds in the pl’mt It was of some
concern that recoverable sugar was so poorly correlated with thin
juice potassium, sodium, total N and NO,-N, since net sugar was
the character of ultimate commercial interest.

A tew ol these correlations were significant within popula-
tions, particularly populations 6 and 12 (data not shown). Cor-
relations within N treatments within populations were calculated
but had only § degrees of treedom for testing. Within the popu-
lations of greatest intevest there was little difference in correla-
tions from within population and within N treatment. Hence,
the correlations were little affected by population ¥ N\ treatment
imnteraction.
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Correlations of all 36 characters which were determined only
on populations 1, 2 and 6 were calculated, but not tabulated with-
in the entire experiment, within populations within N treatments,
and within N treatments within populations.

Since correlations among the first eight characters already
have been discussed over all 11 populations, only their relation-
ship with the 28 additional characters will now be discussed.
Sucrose was negatively correlated with all amino acids in both
the thin juice and fresh leaves Among these correlations, those
with thin juice amino acids were generally higher than those with
leaf amino acids, except for aspartic and glutamic acids. This
was of interest since aspartic and glutamic were the most abun-
dant amino acids in the thin juice. Sucrose content was not
significantly correlated with betaine, leaf metals and leaf phenyl-
alanine and lysine.

Root yield correlations across all three populations and the
three N treatments were positive and significant with all thin
juice impurities except betaine, glutamic acid and lysine. Root
yield correlations with leaf metals did not appear to be impor-
tant; with leaf amino acids they were generally weaker than with
thin juice amino acids. Correlations of thin juice purity with
thin juice amino acids, other nonsugars and leaf amino acids
were consistently significant and negative except for leaf valine,
phenylalanine and lysine. Only magnesium among the leaf
metals was correlated with purity (-.30%#).

Recoverable sucrose was noticeable by its lack of correlation
with most of the major juice impurities as well as sucrose and
purity. Recoverable sucrose was largely determined by root
yield, hence, tends to be related to other characters much like root
yield was, only weaker. Thin juice potassium was positively cor-
related with most characters except the leaf metals, sucrose, and
purity. Sodium followed the pattern of potassium quite closely
even though it was correlated only 0.53**. Amino N in the thin
juice was most highly correlated with thin juice nitrogen, sodi-
um, isoleucine, leucine and NO,-N in that order. It was corre-
lated with all leaf amino acids except lysine, but not as highly
as with the thin juice amino acids. Nitrate-nitrogen was more
highly related with weight, as well as thin juice potassium, so-
dium, alanine, valine, tyrosine and lysine than was total N, al-
thought it was less highly correlated than amino N in most cases.

It appeared that thin juice amino N was generally a better de-
terminant of root yield, sucrose, purity and recoverable sucrose
than was thin juice total N and NO,-N. However, it was still
only weakly related to recoverable sucrose. Betaine, although
generally present in large quantity in thin juice, was not very



558 Journar oF THE A, S. 8. B. T.

highly related to any of the characters in the study. The most
important measurable thin juice amino acids quantitatively were
aspartic and glutamic acids. Those of minor importance were
alanine, isoleucine, leucine and tyrosine, while glycine, valine
and lysine were present in very small quantity, even with 250
pounds of N. Glutamine, serine and threonine are likely im-
portant, but were not measurable under conditions of this experi-
ment.

Comparing aspartic and glutamic acids, glutamic acid had the
highest correlation with recoverable sucrose and betaine while
aspartic acid was most correlated with root weight, purity, potas-
sium, sodium, total N, glycine, alanine, valine, isoleucine, leucine,
tyrosine and lysine. Thin juice aspartic and glutamic acids were
not generally as highly correlated with the leaf amino acids; of
the two, glutamic generally had the highest correlation.

When these same corrvelations were calculated within popula-
tions some differences were noted. Namely, the correlations of
aspartic and glutamic acids were generally weakest for population
I and strongest for 6. Also, glutamic acid had in general higher
correlations with all variables up through 18 than did aspartic
actd,  Hence, use of one amino acid as an indicator for other
characters may be applicable only within specific populations.
These same type correlations within N treatments showed that
aspartic and glutamic acids were equally related with weight,
sucrose, purity, recoverable sucrose, potassium, sodium, total N,
amino N and betaine, but the relationships became weaker with
increasing nitrogen. With the other thin juice amino acids, as-
partic was more highly correlated than glutamic. These correla-
tions were also reduced with increasing nitrogen.

In dried leaf samples the metals copper, cobalt, calcium, mag-
nesium, iron and nickel were present in greatly different quanti-
ties. Calcium and magnesium were abundant relative to copper,
cobalt, iron and nickel. There were very few significant correla-
tions of these metals with any of the other characters.

The amino acids in fresh leaves at harvest had quite frequent
correfations with other characters. The two most conspicuous
observations about their correlations were that the frequency of
significant correlations was sharply reduced with increasing N
fertilization, and the quantity of a particular amino acid in the
leal was rarely correlated with the quantity of the same amino
acid in the thin juice.

Driscussion

The response of population 3 (an ¥, hybrid) in 1966 to in-
creasing nitrogen fertilizer was somewhat unusual. It represent-
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ed a marked genotype difference from populations 1 and 2 which
seemed to respond rather typically. With increasing fertilizer N
from adequate (100 1bs) to excess (250 Ibs) the puritied thin
juice extracted from the roots ol populatlon 3 did not uicrease
significantly in total N or any of the wmino acids. This was a
desirable genotype response thh respect to qualxtv but it was
accompanied by an unacceptably low root yield ’&pparcmh the
individual amino acids in the thin juice (}llanlltdt!\d\ maximize
at some point with increasing fertilizer mitrogen. I a high
performing gexlotype had a lmv maximizing point this would be
a very desirable characteristic.  However, it would seem physio-
Iogu,al} unlikely that this maximization poirt would be suffi-
ciently low in high yielding genotypes. There may also be a year
or location interaction with genotype in this case. An interac-
tion with years was indicated in 1967 when this same ¥, hybrid
did not maximize as soon or as decisively with increasing N fer-
tilizer as in 1966,

From the sample of four genotypes analyzed for thin juice
amino acids (1966 and 1967} it would appear that all amino acids
present in measurable quantity increased with increasing avail-
able soil nitrogen to some maximum or plateau which w 15 geno-
type dependent. The three populations with acceptable }1€1d
characteristics did not reach this point even with 250 pounds of
fertilizer N, The increase in quantities of amino acids was not
linear, however. They appeared to increase more between 0
and 100 or 125 pounds than between 100 or 125 and 250 pounds
of nitrogen.

The rate of increase was also different for the different amino
acids. For instance, in population 6, 1967, aﬂ;paﬁi(‘ acid increased
plOI)()ILl()ndtCI} more than glutamic acid but the opposite was
true for population 1. For popuhtum 2 the increase rates of as-
partic and glutamic acids were about the same.

There was considerable difference in thin j mce amino acids
due to year. Part of this difference might have been due to dif-
ferences in residual nitrogen in the lields in which the 1966 and
1967 experiments were grown, but 1t was very doubtful that
most ol the year difference can be attributed to this source.

The most abundant measurable amino acid in the thin juice
was glutamic acid followed by aspartic. Threonine, serine, and
probably asparagine and glutamine were present, but were oc-
cluded, and thevefore not measurable under conditions of this
experiment. All of the others were present in minor quantity,
but glutamic acid, alanine, xahne isoleucine, leucine, tyrosine
and lysine did contribute 2.839% of the toral thin juice N in
1967 compared to 2.58% for aspartic acid and 4.54% for glutamic
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acid: that was the average for all three populations over all N
treatments.

Although the study was not designhed to quantitatively analyze
the thm juice for all nitrogenous compounds some comparisons
can be made. As fertilizer N was increased, the proportion of to-
tal thin juice N {(accounted {or by the amino acids, amino N and
hetaine) declined, while that of NO.,N increased. From 65 to
719 of total N was accounted for within populations and 68 to
759 within N treatments.  Fhere remained unmeasured specific
nitrogenous compounds which accounted for 25% or more of the
total N. "T'his seems quite high unless there was considerable un-
measured  glutamine, asparagine. threonine, serine, pyrolidine
carboxylic acid (PC Ay, and annnonia in the thin juice. Purines,
pyrimidines and nucleosides probably make minor contributions
to total N No complete nitrogen analysis of this type luboratory
thin juice has ever been published. Probably no analysis has
ever heen undertaken; but one should be, since 1t appears that
this phosphated thin juice is being used mcreasingly in beet
quality evaluation.

The differences in thin juice amino acid content due to N
treatment were generally greater than that due to genotype. From
the limited sample of genotypes one would conclude that amino
acid content can be shiflted and regulated much niore by nitrogen
culture than by genotype. The dominance of nitrogen environ-
ment over genotype was also evident in the sucrose content and
thin juice purity in 1966 and 19 (S" In this study it appeared

that genotype could do relatively little to overcome the effects of

NILTOZeN 011 SUCTOSE content and the various nitrogenous impuri-
ties. However, in previous work, two hybrids were found (apablc
of producing high sucrose with low concentrations of total nitro-
gen in the thin juice the low total nitrogen appears not to be
caused by amino acids. .

There were no populations among the four analyzed for
amino acids which demonstrated the possibility of finding
or developing a high pcr lorming ommupe with low thin juice
amino acids. A poor performing genotype \popu lation 8 in 1966
and 1 in 1967) did have lower thin juice amino acids and small
response to increasing N fertilizer, but this was probably part of
the reason for its poor performance.

Other thin juice impurities were quite deleterious but none
so much as amino nitrogen compounds,  Carruthers and Oldfield
(2) rate potassium as 0.25 as deleterious.  Potassium increased
with increased nitrogen feviilization but at different rates in dif-
lerence populations.  Also, the increase ol potassium was not
linear in relation to N feriihizer
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Sodium, which is considered by Carruthers and Oldfield (2)
to be more detrimental than potassiun, was rated by them as 0.35
as melassigenic as amino N, The anions with which potassium
and sodium are associated are perhaps quite important.  The
chloride determinations in this study have not been analyzed at
this time.  Carbonates were very labile and difficalt to measure
quantitatively. It would seem that these anions plus the sulfates
may ail be quite melassigenic and warrant further study.  On the
other hand they may necessarily be associated with potassinvm and
sodium, so that a measure of potassium and sodiun would pro-
vide as much quality information as a rneasure of both cations
and anions. Potassium and sodium are casy to measure quantita-
tively relative to chlorides and particularly carbonates. The in-
dividual cation and anion relationships need to be studied before
the anion content can be ignorved as it has been in the past.

Betaine was the one nitrogenous compound measured whose
quantity was affected more by genotype than by N fertilization.
This was encouraging from the standpoint of breeding, since rela-
tively low betaine genotypes in all nitrogen envirvonments should
be synthesizable. It was not apparent from this study that a be-
taine reduction was compensated for by any other melassigenic
compound. It is a trimethyl product of glycine. It would be a
valuable by-product of beet sugar refining il a commercial use for
it were found.

Comparisons of free amino acids in the root tissue and thin
juice indicated that cither all free amino acids were retained in
the thin juice process or the mdividual amino acids weve elim-
inated in equal proportions. The amino acids ranked the same
quantitatively in root and thin juice. This was not true of free
amino acids in the leaves. Alanine and serine were most abun-
dant in fresh leaf but were minor in both the yoot and thin
juice. From this study it appeared that relative quantities of leafl
amino acids would be of little value as indicators of root and thin
juice amino acids, root quality or sucrose yield.

Since several of the metals measuved in the leaves are present
in some of the essential enzymes, we hoped that they might be
related in some way o quality or vield characters. Tlowever, no
useful relationships were found.  As a matter of fact, very few
significant correlations of any type were found in relation to
these metals. From this study it appeared that quantities of cop-
per, cobalt, calcium, magnesium, iron and nickel in the leaves
at harvest were of little value in determining beet quality or su-
crose yield.

Nitrate-nitrogen in the thin juice seemed to be of more im-
portance than has been reported previously — Ivitrate-nitrogen
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was most highly corvelated with ithe yield characters, potassium
and sodium. This occurred in spite of the fact that it accounts
for only 3.5 to 7.6% of total N in sugarbeet. 'This compared with
much higher values for amino ™ and betaine.  in the fodder beet
NO.,-N accounted for more than twice as much of the total N,
[34.9%. Without exception the proportion of total N contribu-
ted by NO-N increased with increased N fertilization. This was
the opposite of betaine and most of the amino acids.

We saw that the niti"ogenom conipounds make varying contri-
butions to total N in the thin juice dependent on the nitrogen sta-
tus of the soil and the genotype. Averaged over the three popula-
tions studied, amino N and NOu-N increased 1o proportion to
the total thin juice N while betaine, aspartic and glutamic acids
decreased. A sizable portion of the total N aud amino N was
unaccounted for by the nitrogen-containing compounds analyzed.

In the thin juice it z*ppeatei that aspartic and glutamic are
the only measurable amino acids worthy of much consideration al-
though ghutamine, asparagine, serine and threonine should also
be meamred. The other seven present in the thin juice would be
important if considered as a group, but they were affected some-
what differently by genotype and N fertilizer. Hence, they did
not respond as a group and would have to be treated individually
with respect to fertilization and selection.

Summary

The quantity of some mdividual amino acids was determined
in sugarbeet of dllfcrem genetic backgrounds and ai different ni-
trogen fertility fevels. The xchmnmlup» of impurity components
with each other and with yield factors was determined to obtain
new information about where efforts for quelity improvement
might be most ctfective.

The study consisted of Iaboratory and stadstical analyses of 36
vield, quality, and leaf componeni characters [rom 12 genetic pop-
ulations, at three nitrogen ferveility levels, over 2 years, Only two
populations were common to both vears, and not all populations
were zma}y;re for all vharacters.

The data of both years and ol lour genotypes showed that those
measurable amino acids in the thin 1uue (cqmmlent to factory
second carbonation juice) increased with increasing available soil
nitrogen.  There was an indication that they mav veach some
maximuin or plateaw which was genotype depandcnt Fvery
amino acid was present in larger ;uannt}{ in 1967, which might
be explained by a year interaction ov by residual soil nitrogen.
The most abundant amine acids in thin juice were glutamic acid
and then aspartic acid, although aspavagine, glutamine, PCA,
serine and threonine may have been abundant but weve not
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measurable under conditions of this experiment. Glutamic and

aspartic acids were the primary products of nitrogen assimilation.

The study was not designed to analyze the thin juice quantita-
tively for all nitrogenouvs compounds.  Some comparisons can,
however, e made:

I. The differences in thin juice amino acid content due
to nitrogen treatment were greater than that due to
genotype, indicating that amino acid content can be
shifted more by nitvogen cultare than by genotypes.

It appeared Irom limited evidence that genotype could

do little to overcome the detrimental effects of excess

nitrogen fertitization. )

3. As nitrogen treatment was increased, the proportion of
total thin juice nitrogen accounted for by most of the
amino acids, anino nitrogen and betaine declined while
that of nitrate-nmitvogen increased.

1. From 63 to 719 ol nitrogen was accounted for within
populations and 68 to 759% within nitrogen treatments

5. Unmeasured specilic nitrogenous compounds accounted
for 259 or more of the total nitrogen.  This seems high
unless theve was decomposition of glutamine and as-
paragine.

There was no high perlorming genotype (high weight su-

crose) with low thin juice amino acids, In previous work we found

two genotypes that had low total nitrogen in the thin juice at
harvest.  This low total nitrogen appeared not to be caused by
amino acids.

The amino acids ranked the same quantitatively in roots and
thin juice. "Fhis was not true of amino acids in the leaves. There
appeared to be little useful relationshin of leaf amino acids and
quality or yieid characters,

Nitrate-nitrogen in thin juice seemed to be of more impor-
tance than has been veported previously, Jr was highly correlated
with yield characters, K and Na. It was apparent that the nitro-
genous compounds measured make varying contributions to total
nitrogen in the thin juice, dependent on the nitrogen status of
the soil and genotype. ihere was a portion of the total nitrogen
and amino nitrogen which was unaccounted for.

Sodium and potassium increased in every population with in-
creased nitrogen fertilization, but at diffevent rates in different
populations.  Betaine was the one nitrogenous compound whose
quantity was aflected more by genotype than by nitrogen fertili-
zation.  Genotypes with low hetaine should be synthesizable.
Quantitites of copper, cobalt, calchum, magnestum, iron and
nickel in the Jeaves at harvest were of little value in determining
beet quality or sucrose yiceld.

IR
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