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‘The role of vitrogen fertilizer s assoctated intimately with the elbaent
production of sugar beas. Farly in 1955 dhe senior author circulated a
questionnaire 1o determine the fertilizer practices being followed in the
principal sugar beet growing arcas ol western United  States. Prominent
amonyg the fertilizer problems in need of solution in all areas was the proper
use of nitrogen.

This general interest tn nivogen stems from the  rvealization  that
’ nitrogen deliciencies result in relatively Jow yviclds, while excosses of nitrogen
frequently give high tonwoages of beets relatively low in sugar content and
purity. Factory opcerators have hecowe increasingly conscious of the nito-
genn problent as they struggle with ways of increasing sugar recoveries from

>

sugar heet extractions,

Studies by Afanasicv et al. (13% Garduer ind Roberson {1y, Haddock
{5y, Hirst and Greaves (7). Tarson {8y, Walker and Hace (12}, Walker and
Hac (12}, and Ulrich 10), among others, have shown g close inverse rela-
tion hetween nitrogen fertitization and sugar beet quality. The relation
between these two factors is pardally explained by Walker and Hue (12}
on the basis of growth and storage potential and by Ulrich (18 on the
basis of environmental factors such as intensity of sunlight, night and day
temperatures, and nitrogen supply.

It should not be assumed that nitrogen fertilization is the only factor
which may modily the sucrose and puarity of sugar beet extracts, It is sug-
gested by Brown and Wood (2 and Doxrator and Bauserman  (3)  that
sodium and potassiam may be melassigenic substances,

Since it has been shown thai niwvogen fertilization and nitrogen con-
tent ol plant dissue are related o depression ol sugar and purity of the
extract juice of beet roots, it seemys desirable o determine which of the
various nitrogen coustituzents in beot roots appears to be related direedy o
these quality factors,

Procedure

The experiment] material vsed in this study was obtained from an
extensive field experiment on Millville loam at Logan, Utab. Two methods
ol irvigation, sprinkler and furrow, with four soil moisture conditions super-
imposed on cach method, were studied  (available soil wolsture remaining
in root zone allowed (o approximate Y0 (WY, 70 (¥ 10 (W3, and 20
(W) percent between dyrigations) . Soil moisture plots were further sub-
divided for nitrogen and phosphorus fertilizer treatments. Nitrogen was
applicd at the rate of 80 pounds N per acre as ammonium sulfate.

tContributionr from the Soil and Water Conscrvation Rescarch Branch, ARS, USDA,
Wostern Regilonal Research Project W28, and the Luah-Tdaho and Amalgamated Segar Com-
pant and the Utah Agricultural Fxperiment Station, coaperating.
oil Scientist and Chemist, Western Soil and Water Management Section, Soil aud Water
servation Rescavch Branch, ARS, USDA, and Dircetor of Statistical Laboratory, Utah Agri-
culty Faperiment Station, rospectivels
# Numbers in pareatheses refoer to lterarpre cired,




Vor. IX, No. 2, Jroy 1936 PH

The pulp samples were dried lor 48 hours in a forced dralt oven at
707 centigrade. Al analyses, with the exception of sucrose. purity, and
glutamine, (made on dresh pulp)y  were made on dried pulp. Glutamic
acid was determined by the biological assay procedure on frozen fresh pulp
and caleulated to dry basis. Glutimune nitrogen was calculated from glu-
tamic acid data. The analytical chemical procedures were carried out as
follows:

I, Total organic and ammoniacal nitrogen were determined by a
slight modification of the method of Hillehrand et al. (6). Four grams
ol digestion mixture (500 parts Na, SO, 50 parts CuSO, and 5 parts Sc
were added to wolution conwduing 0.5 gram of dry bect pulp. Filteen
ml. 3, were added and the mixture botled until dear pls 5 min
ates. Solution was made alkaline and distilled.

For all other determinations 1 grams of the dried pulp was ex-
tracted with 140 ml 2 percent acetic acid solution and 30 b aliquots
were taken for the different analyses as Tollows:

2. Soluble organic and ammonical nitrogen were made as in 1 above,

3. Ammonia nitrogen was determined by direct Nesslerization of an
aliquot of oxiract {14,

4. Soluble organic nitrogen - procedure 2 minus 3 above,

5. Ammonia plus amide nitrogen was determined by distilling an
aliquot from a 20 percent NaOH solution and titrating (18) .

o Nitrate nitrogen was  determined by adding wvardas Alloy

6. Nitrat troge leter U by adding Devardas Alloy 1o
the residue from procedure 5 and distilling (6) .

7. Amide nitrogen = procedure 5 minus 3,

8. Amine nitrogen  (this mayv also include nitrogen from pyridine
type compounds) 77 procedure 2 minus D

4. Soluble nitrogen = procedure 2 plus 6,

Table I—Yickd and Quality of Sugar Beet Roots as Affected by Various Treatments (1950},

Ner Water Yiekd Dry Martter Rucrose Purity
Treatiments Applicd T/A Pereent Percent Pereent
Saoil Maistm'c_ -
Condition
Dyy Wy 6.3 1L.74 .05 8438
Maod-dry W 18,3 £7.75 1674 89,80
Mod-moist Wo 26.3 16.20 17.01 Gi.28
Moist Wy 504 1838 17.06 G080
s.cooob mean N o= 32 ] 21 24 A8
Method
Sprinkle 24.5 1793 23.84 165,438 80,03
Furrow 3.4 17.10 23,87 16.99 9060
L.S.D. @ 05 N.S. 0.396 .36 071
Fertilizer
Nitrogen | 27.9 18.85 16.45
No Nitrogen 27.9 16.68 16,98

LS.D @ 05 0.64 (4.22 0.04 0.35
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Sugar and purity determinations were made hy cold water extraction
procedurc.
Experimental Resules
Dara on vield and quality of sugar beets ave presented in Table L
Tewill be observed that yield, dry matter, sucrose. and purity are all affected
to a significant extent by the varkaion in soil moisture condition ased in
the experiment. [t will be noted that while vield iy not affected significantly
by method of drrigation the three quality factors ave affected significantly,
In agreement with work cited previously nivogen fertilivers do aflect the
quality of the beeis as well as the yield

Ie will be well to keep in mind that quality (suerose and puriry) wnds
to increase as soil molstare is increased: that quality is higher under Turrow

than sprinkic irrigation; wned that quality s ower under nitregen fertiliza-
tiont than without it

Table 2.—Nitrogen Consttiuents of Sugar Beet Roets as Alfected by Various Treatments
(1950},
Paris Por Million, Dy Basic

Nitrogen in

Nitrogen Constituents in 2 Percent Acetie Adid Extrace Whaole Pulp
Gluta-

Treatiments Mirrate Ammonia Amine Amide Organic Soluble mine? Total
Soil Muoisture

Condition:
Dy Wy 762 145 178G 1738 TO68
Mod-dry W 531 K] 1006 1448 i
Modanoist W 571 106 3787 1246
Moilst Wy H2l 82 3378 1018
s.eoof mean n 32 a1 18 193 N.S. 235 86 126 544
Method:

Sprinkle 626 152 2868 724 3503 1343 1602 7505

Furrow 566 94 24048 6805 2064 3637 4 FEY
LSD. @ 03 N8 24 284 NS, 345 126 186 505
Fertilizer:

Nitrogen 147 3104 799 1804 1790 R067

No Nitvogen 69 FHI82 530 3176 926 6165
LS.D. ¢ 05 83 12 215 #4 202 T3 93 264

U Data wsed here by couresy of Torernational Minerals and Chenden! Corporation.

One should notice the general trends ol various nitrogen constituents
as affected by the irrigation and fertlizer treatments shown o Table 2,
keeping inawind the trends in quality observed in Table 1. Tlere it Is seen
that all the nitrogen constitucnts with one minor exception are nversely
related 1o the quality factors shown in Fable 1. Also with the exception
of amide as aflected by irrigaion regimes and nitrate uitrogen concentration
as modificd by method of irrigation, it will be noted that the treatments
affect nitrogen content ol bect yoots significantly,
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The data in Tuables 1 and 2 wean that any cssentind change in drrigu-
tion or fertjlizer practice may modily the nitrogen nutritional status of
sugar beets with respect 1o all the nitrogen constituents, and further, that
this change in nutritdonal status may be assoctted with changes in sugay
beet quality.

The authors recognire the possibility of sugar heets absorbing part of
their nitrogen as ammonia, nitrates, and even orgunic nitregen from the
soil, but assuime with Nightingale (9 that under usual fickd conditeons the
principal source of nitrogen iy wnitrates.  Apparently, when nitrates are
plentiful in the substrate and concenuations become high in heet roots,
the reduced form ol inorganic nitrogen or wmnonia increases correspond-
ingly, When the ammonia concentration increases in the root the ammonia
detoxication agents such as glatamine similarly increase. This statement s
substuntiated by the data in Table 2 and is b agreement with the findings
ol Vickery cr al. {11},

[t might be assumed rom what has been swd that the ratio of one
nitrogen constituent in the sugar beet root to any other should be relatively
constant. I this were true and i sugar beet quality were dosely related 1o
soluble nitrogen constituents, it may be possible to establish o relation of
association hetween beet guality and any onvenient nitrogen constituent.
It docs not appear possible from o cursory examination ol the datu in
Tables T und 2 1o determine which of the witrogen constituents is most
closely associated with or responsible for changes in sogar beet quality.
‘This may be done by comparing the ratios of one constituent to another
and by comparing this ratio with changes in quality observed i Table 1.

Although insoluble protein nitrogen is not listed m Table 20 it can be
obtained hy deducting soluble niwogen tn the add exiract from  total

Table 3—Ratios Among Some Nitrogen Constituents in Suzar Beot Roow as Affected by
Various Treatments (19583,

Protein  Amine Nitraie  Amide Ammonia

Protein Protein Protcin Gluta- Gluta- Glutee Ghata- Gluta-

Treatment Soluble Sol. Gra.  Inorg. mine mine mine mine mine

Boil Moisturg
Condition

Dy W N 1o a2 2,15 189 A72 182
Moddry W a2 Ry 704 J08 2.24 435 80
Maoil-moist W 1.01 1.22 7.20 257 246 DR 82
Moist W (R0 FoAs L - 347 Ri4 ol
s of mean no 32 L Bh 87
Method h R

Sprivkie 87 109 5.83

Furrow 1.01 1.28 62

Fortilizer:
Nitogen R R 367 213 1,30 RILE|
No nitroaon 1.1 RER 678 {RRS 2.9

1.5 @ 05 A7 .27 NS (R4 3G
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nitrogen,  This is a relatively constant value ol approximately 3140 p.p.an.
under all conditions of the experiment. This {orm of nitrogen is relatively
stable and it s probably the most satisfactory hasis to use in studying the
ratio c¢hanges in other constituents.  Furthermore, since it is insoluble it
prohably has less influence on the quality factors of sucrose and purity than
soluble constituents.  Some ol the ratios of protein to soluble nitrogen
fractions are shown in Table 3. Although these ratios vary within relatively
narrow limits they are regular and consistent with changes in sugar beet
quality as affeccted by drrigation and [ertilizer wreatments  {sce Table 1).
This increase in rotio with increase in quality indicates &hat the soluble con-
stituents are varying inversely with changes in quality. Columns 5, 6. 7,
and 8 in Table 3 indicate sxmxhnl\ that the concentration of glutamine in
_the beet root decreases more 1<11>1<l v than does amine or pmide nitrogen
and that glutamine also decreases more rapidly than nitrate or ammonia
nitrogen as quality increases. The ratio of ammonia to ghatamine does not
follow a consistent c¢hange as beet quality changes. This indicates a close
relation between ammonia and glutamine concentrations in sugar bect roots.

I one were to decide from the data in Table 8 which of the nitrogen
constituents in the sugar beet root were most closely associated with varia-
tions in quality, it appears that glutamine and ammonia nitrogen would
be selected. I order 1o determine more specifically which of the nitrogen
constituents were most closely associated with the quality of reots correla-
tion coefhicients were calculated.  Siraple correlations among  the various
nitrogen concentrations are shown in Table 4,

Table 4.—Smmple Corrclations Among Nitrogen Constituents of Sugar Beet Roots.

Total
Nitrate Amine Amide Ammonia  Organic Total Soluble
Giutamine L0856 6337 4173 7284 7758 6271
Nitrate . 1234 L0422 0642 1291 1858
Amine 1430 4667 9085 4424
Amide L e 2678 3589 2181 .?54.,»9
\mmenia . e . 5686 5261 Riltik}
Organic S137 0518
‘Tota) cee e e RESH)
Total Soluble . L e s LI
n = 128 Sig. @ .05 0.174
01 0.228

The bigh correlations between soluble and organic as well as organic
and amine is explainable on the ground that organic and amine constitute
approximately cighty percent of the soluble and organic fractions respece-
tively, Some ol the other high correlations may be explained in a similar
manner. The high correlation beoween glutamine and ammonia are asso-
ciated on a different hasis,

I'he data in Table 5 consist of simple regression coefficients indicating
the association of change in nitrogen fractions with changes in yicld and
quality factors. There is a tendency for yields to increase as nitrogen con-
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stituents incrcase. The data show a highly significant Inverse relation among
quality factors and all nitrogen constituents,

U

Since it has been shown that all nitrogen constituents aud to va
inversely with quality of sugar beet roots when studied together, it was
thought advisable o test the theoretcal reladon of cach nivogen con
sttuent to quality, assuming that all other nitrogen constnuents were 0ot
permitted to vary. These partial regression coctlicients are shown in Fable
6. Under these theorctical conditions, it will be ebscerved that glutamine
is signiticantly related 1o dry matter and sucrose and approaching significance
¢

o purity. Ammonia nitrogen appears to be the only other fraction sig-
nificantdy related o quality.

The data in Table 7 were prepared in order o derermine the per-
cent of the total varintion in quality in beer reots associated with nitrogen
constituents, It will be scen that the Jargest variation in root quality
associated  with nitrogen  composition is atributable 1o the presence of

Table 5. —Simple Regression Coefficients Relating Yield and Quality Facters to Nitro-
grn Fractions in Sugar Bect Roots.

Nitrogen
Constitucnts Yicld Dy Matter Sugrosc Purity

p.pam. T/A Pereent Pereent Pereent
Gluraming L0051 e YT (32 — (GO 12 - ~.02842
Nitrate - -0023 — 1332 - O3 - (1287
Amine b 008 - (0312 e (T AR I e
Amide -+.6028 e (3 (2 1262 54
Ammonia - 1024 —e G611 e (¥ T2 2241
Organic 4 (3084 e (0322 e 004 %5° 0150
Total —+.0036 e, O2{F —. (2R e (HGRY
fotal Sol. +.0025 - B0 -0041 Rt

f Significant bovond 05 level n o= 198

nificant bevond 01 level

Table 6—Partial Repgresston Coefficients relating Yield, Quality Facters, and Nitrogen
Constituents in Sugar Beet Roots.

Dry Matter Sucrose Purity

PP, Percent Percent Percent
Glutmnine 0047 - - 0078 - 72 —. 0024
Nitrate — 0883 - 011 LO06s +-.0021
Amine — (8 L0083 - (014 —- (40
Amide SO147 — - 009 -, 0008 —. 0069
Ammaonia - 248G - (1826 e (134 BE - 0163
Organice - 06422 e (Y3 — 017 4 D085
Total -+ 0063 - 0012 A+ 004 — 08
Total Sol. 0775 4.0038 - 0008 - 0068
RE 004 5232 e JTBSY

n 178 LSig ar 05

*Sig. Gr 01
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ghutamine, Assodiated with this constitutent are 28 pereent of the variation
in dry matter, 30 percent ol the suerose. and 77 percent ol the purity.
While ammaonia accounts for a high percent of variation, it s loss closely
associmed with quality than s glutiomine nitrogen. A comparison of varia-
tions in quality assochnted with all nitrogen constituents (R¥), in Table 7,
shows that glutamine is associated with or can account for 75 percent ol
the total variation in dry matter, 89 percent in sucrose, and 98 percent in
purity. It may be interesting to note that nitrate nitrogen iy associated
with a relatively fow percentage of the total vuriation.

Table 7.--Simple Corrclation Cocllicients Relating Yield and Guality Facters to Nitro-
gen Fractions of Sugar Beot Reots (5%,

Yicld Dry Matter Sucrose ’ Purity
PP, T/A Percent Pereent Percent
Glutanine 008 {—3.285 {(—3.497 {—).7G9
Nitrate {3000 (=Y 417 {147
Amine RIS {(—1.102 (-—3.297
Aanide 001 GRS {3247
Ammionia o0 {3210 (- 1.446
Organic R {31038 (- ).389
Torat 087 {(—3.116 (). 285
Total sol. RO (—).189 {-).420
Rz RESEE RIS HHg 783
u o= Y8 Sig. 61 05 (3.0303
01 0.0519

Summary and Conclusions

Numerous  observations ave shown  that the problem of nivogen
fertilization is a promincnt one in dhe sugar beet growing arcas of the Uniwed
States, Yickls and qualiny of sugar beows wre so markedly allected by the
quantity of available soil and fertiliver pitrogen that neither a deficiency
nor e large excess should be wolerated.

Although factors of dimate and soil. other than nitrogen, may aftect
the quality of sugar beet roots, it cannot be denied that niu"ugm fereiliza-
tion and nitrogen plant composition are doscly associated with sucrose stor-
age in beet roots and sugar recoverics lrom extract juice.

Fhe authors do not contend that nitrogen constituents per se prevent
sugar arystadlization, but there is strong evidence that soluble nitrogen con-
stituents of the sugar beet root are highly assodiated with, il not responsibie
for, variations it purity and sucrose pereentage as well as dry matier per-
contage.

The particular nitogen components which appear to be most highly
related to changes in sugar beet quality are the glutamine and ammonia
fractions. Tt is the opinton of the authors that ghutamive nivogen is of
greatest significance in quality variation, not only because of s high asso-
ciation with quality factors, but also beawse the concentration ol nitrogen
in this form is ten times that of anunonia nitrogen.
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