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Introduction

The wide vartability found in sugar beer constituents concerns
farmers, processors, and researchers. An understanding of this
variability and what causes it is essential to the continued profit-
sle production ol sugar beets and the extraction of the maximum
amount of sugar. The reasons for this variability ave only par-
tially undersiood as the majority ol Investigators have considered
single [actors which can only give partial explanations. The
purpose of this study was to determine the elfect of soil, lertiliza-
tion, climate, and variety upon the following constitucnts:
MAre, sucrose, total nitrogen, amino nitrogen, total glutamate,
rotal anionic constituents, moisture, malic acid, oxdl ic aud,
raffinose, and galactinel. Beet weight and bect girth mcasure-

nments were also obtained and reported,

Review of Literature

The economie value of sucrose has focused attention on the
amount ol sugat in beers, MeGinnis (12) sampled 50 consecu-
tively grown beets from one row and lound sugar content vary-
ing from 4.4 to 16%,. The sugar content ol 48 samples of seven
beets each varied from 12,1 to 17.59.

Owens ¢t al. (13) found the m‘m‘ content of 15 varieties
f beets grown under the same conditions vavied from 3 1o 69,
He found a positive corvelation between mare, arabah, and suc-
rose contents in inbred beets. Avaban in the mare varied so
much that it may be subject to control by plant breeding.
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Glutamic acid values usually have an inverse yelation to per-
cent sugar. Walker et al. (18) swmpled beets from ficlds having
different ferulizer levels and determined glutamic acid almis
ranging from 0.03 1o 0449, Glutamic acid underwent a
geometric increase with added nitrogen fertilizer. Hac ¢r al.
{9) reported the coellicient of variation for OIllt.umc acid to
be about twice as large as that for voot weight and five times as
farge as that lor sugar content.

The inftuence ol prrogen fertilizer upon percent sugar has
been studied by many. (undn(,z and Robertson (6} upmted
a decrease o osugar percentage when nitrates were present in
excess ol the meum which could be used by the beets before
harvest. Beet yields increased with incrveased nitrates but the
percent sugar decreased until the maximum sugar yield was
reached. Haddock (10) reported that sucrose and purity per-
centages were inercased by heovy, Irequent Drrigations and a
deficiency of available nitvogen. On the othey hand, hight i
gations and heavy nitrogen lertilization depressed sucrose and
purity percentages. Haddock et al. (11) indicated that the glu-
tamine and ammonia nitrogen components appearved to be most
highly related to changes in sugar beet quality. They believed
that glutamine nitrogen was of highest signilicance in quality
variatton. The concentration of nitrogen in this form was ten
tunes that in the ammonia fraction.

Dahlberg (3) collected 24-hour composite cossette samples
from ten suagr beet Jactories ranging in location from Kansas
to Canada. \u‘zlx ses of these samples gave the lollowing results:
ash content varied from 244 to 1.199 ¥ nitrogen from {) 616 to
1.1499,, P.O. from 0.221 wo 0.3359, Aﬂd I& O lrom 0.86 to
1.7395. From these analyses and that of hundreds ol other beets,
Dablt serg concluded that ripe beets of high sugar contege and
purity normally have the following fharl(uum(s low ash, low
toral nitrogen, low nitrate, low sodlum content and a CaO plus
MeO content cqual to 187, or more ol the soluble ash.

Rounds et al. (14) auributed variations in rallinose content
to varieties vather than to the effects of nitrogen fertitization,
They obtained low corvelation coeflicients with  raffinose s,
nonsugars. McGinnis (12) described raflinose as a nearly chem-
ica ly unreactive sugar which secms to pass through all the pro-
cessing operations and into the molasses. It was markedly more
unreactive than sucrose or other di or i saccharides,

Swink and Finkner (17) found an mverse relation between
weight of beets and galactino) content,
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Total antonic constituents, malic acid, and oxalic acid are
not reported in recent articles on the constituents of sugar beets;
however, these constituents were deterntined 1o see il they were
related o or aftected the sugar content of beets.

Materials and Methods

Experimental Plantings

Norih Logan, Ulale — 1954 Sugay beets were planted April
15, on the Greenville FExperimental Farm, North Logan, Cache
County, Utah, and harvested October 20, This was a pilot plant-
ing made to develop procedures that would be used 1 che main
:*,l,(ld}. Segmented sced of the variety US 22 Improved was
sceded at a rate of seven pounds per acre and the resulting stand
was thinned to an in-row spacing ol 12 inches. Seven adjacent
rows 24 [eet long and 22 inches apart made up each plot. The
Millvitle sile Toam soil received 100 pounds PLO. and 80 pounds
N during the vear. The plot area veceived 26 ivrigaticns Tov a
total of 31.7 inches of water plus 6.09 inches of natural precipita-
tion during the growing scason.

Novth Logan, Utah - - 1955 Sugay beets were planted April
30, on the Greenville Experimental Farm, and havvested October
29. Regular sced of vaviety A4 (8P 53104-0) was used. A Planet
Jr. hand seeder was used (o sow 15 pounds ol seed per acre. The
beets were thinned by hand ar the 4-leal stage on june 8 to an
inrow spacing of 12 inches. There were four plots each consist-
ing of seven 60 foot rows 20 inches apart,

The soil, Millville siit Toam, had a pH ol 7.9, organic matter
content of 2.49 . total soluble salis 0.039. P.O, 39 pounds per
acre, KO 130 pmmdx per ac EC imc 44 1o 509, and a mechanical
analysis of 2697 sand, 58% s 16%, bne clay, and 219, clay.
Texture, pH, lime content were smnhn o A dc])th ol 6 to \ {cet.
Organic matter drops ofl vapidly with depth. Previous crops on
this field were: 1950 Lomatoces which received 200 pounds of
treble supey plms! wate (169, P.O) per acre, 1951 -~ grain, 195¢

-alfalla and barley, 1933 - alfalfa, and 1954 - potatces.

All plots received 100 pounds of available P.O. per acre,
broadcast on April 20, 1855, hall of the plots were side-dressed
on May 2 with 80 pounds of N (ammonium sulfare) per acre
and with 125 pounds of N. The Tatter half veceived an addivional
125 pounds of X per acre side-dressed on July 22, 1455,

The beets were irrigated nine times receiving 16 inches of
water plus 6.72 inches ol natural precipitation.
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North Logar, Utah - 1956: Beets were planted May 1, on
the Greenville Experumental Farm, and harvested November 2
and 3. Variety B was planted at 2 per acre vate ol 15 pounds. The
plots were thinned to an in-row spacing of 12 inches on June 8
and 0. There were 12 plots each 1.7 leet > 35 teet. Fach plot
consistedd of 7 rows spaced 20 inches apart and %3 feet long.

The soil, Millville silc loam, !md a pll of 8.0, total soluble
salts less Lharz 0.029,, and available P.O; 55 pnunds per acre.
Lime and available x,.0 were not determined as previous analyses
had shown these to be plentiful. Previous crops on this field
were: 1950 —— canning pem which received 100 pounds P.O;
followed by alialla, 1951 - - alfalla (2 crops), 1952~ ~allalia (2
cropsy, 1953 - - potatoes Mu( h received 100 pounds P.O..

All plots vecetved 200 pounds per acre of treble superphos-
phate (4")“/; P.O;) broadeast and harrowed in belore planting.
Four plots received no additional N, four received 80 pounds
per acre of N ftzmmomum sullate; May 19 side-dressed 3 inches
from the beets and 3-inches deep. The rewaining four plots
received in like manner 125 pounds of N per acre on ,\hy 19
and an additional 125 pounds per acre ol N on July 22.

Fight irrigations of from 2 to 3 inches ol water cach were
given. Natural precipitation amounted to 4.71 inches.

College Ward, Ulah - -1955: Bects were planted May 20, on
the Willy Speth farm, College Ward, Cache Gounty, U tah, and
harvested on October 15, A hand drill was used to plant 16
pounds ol seed per acre of varieties A4 and B, Seedling emergence
began May 23 and beets were hand thinned at the 4leal stage
on June 15 to an inrow spacing of 12 inches. There were four
plots each consisting ot seven 60 oot rows 20 inches apart.

The soil was classified as I'renton silty clay and had a ptl of
8.1, organic matter 4.29,, total soluble’ silcs 0.099,, P&, 76
pounds per acre, K. 800 pounds per acre, and a mechal’lic;d
analysis of 89 sand, 439 silt, 499, fine clay. and 699 clay.
Previous crops on this licld were: 1031 — winter wheat, 1952 -
winter wheat, 1958 - winter wheat, 1954 - com which received
20 tons of manure per acre.

All plots received 100 pounds of available P.O, per acre
broadcast before seeding. Hall of the plots received 80 pounds
of X and the other hall received 125 pounds per acre at sceding
time and an additional 125 pounds ol N per acre side- dressed
on july

Fhe beets were irrigated five times receiving approximately
4 inches of wauter per application. Precipitation data [rom [Utah
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State University, the nearest station (5 miles away), showed that
6.46 inches of rain fell.

Davis, California— 1955: Beets were planted March 17, on
the Campbell Tract, California Experiment Station, Davis, Cali-
fornia, and harvested September 28. A commercial drill was used
to seed variety A only. Due to dry soil a light irrigation was
given on March 19 and excellent emergence resulted. The beets
were hand thinned to an in-row spacing of 12 inches on April
28 at the 4-leal stage. There were four plots with each plot con-
sisting of 4 beds, 2 rows per bed, 60 feet long with a 25 X 14-
inch row spacing.

The soil, Yolo loam, had a pH of 7.5, organic matter 1.39,
total soluble salts 0.049,, P.O; 37 pounds per acre, K.O 270 pounds
per acre, and a mechanical analysis of 409, sand, 449 silt, 169,
fine clay, and 239, clay. Previous crops on this field were: 1951 —
sugar beets, 1952 —dryland barley, 1953 — dryland barley, and
1954 — field beans.

All plots received 100 pounds of N per acre (ammonium
nitrate) side-dressed 2-inches deep and 6 inches from the row on
May 12 and 80 pounds of N side-dressed 2-inches deep and mid-
way between beds on June 30.

Ten irrigations were applied with the soil wetted to a depth
of 3 to 4 feet each time and at no time did the beets wilt. Natural
precipitation recorded at Davis totaled 4.12 inches of which 2.16
inches fell in April.

Saginaw, Michigan — 1955: Beets (Variety A) were planted
April 16, two ml](.s west of Saginaw, Michigan, and harvested
October 24. They were blocked and thinned on May 27 with
a 909, stand reported on June 6. The plot consisted of seven
rows, spaced 28 inches apart and 60 feet long.

The soil, Kawkawlin loam, had a pH of 7.2, organic matter
4.69,, total soluble salts 0.049,, CO, soluble PO, i ppm, and
CO. soluble NO, 3 ppm. Previous crops on this field were: 1952 —
white beans, 1953 — wheat, and 1954 — white beans. One-
hundred fifty pounds of 3-12-12 fertilizer per acre had been
applied each of these three years.

The plot received 500 pounds of 6-24-12 fertilizer per acre
applied 2 inches below the seed at planting time. On June 4
the beets were side-dressed with 40 pounds of liquid nitrogen
per acre.

These beets were grown without irrigation but 20.56 inches
of rain fell during the season.



o
S
i Re]

Jovexat or e AL S S BT

Harvesting and Processing Procedures

1954 Filty beets were sampled at vandom from the center
three rows of the seven-row plot and relrigerated at 35 1. Three
days later the refrigerated beets were washed with cold water,
numbered, weighed, and refrigerated at 33° ', During November
the beets weve rasped and aliguots frozen for chemical analyses,

1935 Filty bects were sampled {rom the center three rows
{Four rows in Calif fornia) of each plnt as tollows: a S-{oot length
was discarded [rom each end ol cach plot; the remainder of the
plot was divided into five equal sections; and a 10 beet sample,
made up of five random pairs of beets, was taken {rom each
section. In order for a beet to have been included in the sanmiple,
it must have had an adjacent u-the-row mate and both must
have been free from adjacent »ans and/or muliiple beets, The
beets were lifted with a garden fork, labeled. topped, and placed
in an ice water bath.

All beets were topped by removing the petioles by hand and
rubbing the crowns with an ordinary plastic household scouring
pad. This teft the crown on each beet but removed most of the
green material as well as the scar tissue.  As soon as the beets
were topped they weve placed in ice water (in 55 gallon drums)
and held at 07 € while they were transported to the laboratory,

The beets were cleansed with cold warer, weighed to the
nearest 1/10 pound, and classtfied into one of lour shape cate-
gories. The maximum girth of cach beet was determined. The
whole beets were individually chopped in a Hobart Food cutter
(Model T 213; as the bowl rotated for approximately 2 minutes,
Twelve 10-gram samples of the macerated material were weighed
out from each beet, wrapped in aluminum foil, and Irozen
immediately. ‘The samples were held at =5 F to await chemical
analysis. The interval between digging and completion of pro-
cessing was approximately 3 hours.

1956: Instead of sclecting five random pairs of beets from
each section as in 1955, 10 beets were selected by complete
randomization within each section. Filty beets were thus har-
vested from each plot

Chemical Methods and Procedures

Sample Preparation: The frozen, aluminum -loil wrapped
samples of chopped beets were weighed on an analytical balance,
the frozen sample removed o a 250 ml beaker and the loil
weighed to get the net weight of the sample. As many individual
determinations as possible were made on each individual sample.
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Duplicate determinations were made on two or more separate
samples of the same bect.

The extraction procedure was a wodilication of that used by
Goodban, Stark, and Owens (7). Filty ml of boiling distilled
water were added to the beaker which was then placed on a
variable temperature hot plate and maintained between 78° and
82° € for 30 minutes. kach beaker contained a thermometer
and was covered with a watch glass. At the end of the 30 minute
period the water was ultdull) dt‘(amed mto a 100 ml volunetric
tlash, another 50 ml portion of hot distilled water was added to
tne pulp, washing down any material adhering to the side of
the beaker, and hmtmo was repeated [or another 20 minuees.
This portion was decanted into the volumetric Hask at the end
of the time interval. Small portions of hot water were added to
the pulp and decanted into the volumetric Hask until the lquid
reached the mark,  Usually the evaporation loss amounted to
10 to 20 ml. On cooling to room temperature the volume was
finally adjusted to 100 ml using distilled water.

Chemical Procedures: The salts of oxalic and malic acid in
the sugar beet extract were converted to acids by passing some
of the extract over a Dowex 50 hydrogen cation e\(lmngc resin
and the acids weve then absorbed on a Dowex 1 anion cexchange
resin. The acids were then fractionally cluted with 50 ml of
0.35 N ammonium carbonate. Lactic and glycolic acids were
cluted first and discarded. Malic acid was determined by a slight
maodification of the method of Goodban and Stark® as outlined
by Stark, Goodban and Owens (167 page 564,

Oxalic acid was then cluted from the resin with 50 ml of
.55 N ammontum carbonate. The eluate was made acid with
2.5 mi of concenwrared sulfuric acid, T ml of 19, mungancse sul-
fate was added, and the soluton titvated with 07005-0.01 N
potassium permanganate. The end point was reached when 0,15
ml of the potassium permanganate produced a color which per-
sisted for at least 10 seconds. Citric acid, which was present,
was oxidized very slowly by the permanganate at the temperature
of the titration.

Sucrose was determined by the method found in the Associa-
tion of Ofhicial Agricuttural Chemists (2) pages 847, 348 and
507.

Total nitrogen was determined by the procedure found in
the Association of Ofthcial Agricultural Chemists (1) page 15

s Private communication from D 118 Owony, deceased, formerly c:npun\m Sugar Beet
I,nil Field Crop Utitization Scarion, Woestern Utilization Research Branch, UL, S Depastoent
of Arrnculture



554 Jovexan or e AL 5. S0 BT

Amino nitrogen was isolated on Dowex 50 Cation exchange
resin and esuumlul by the ninhydrin mctlmd as modified by
Cocking and Yemun (4).

Total e¢lutamate was determined by the microbiological
method of Hac, Walker, and Dowling (Q\ and Hae, Long (md
Blish (8).

Total anionic constituents were determined by the conversion
of salts to acid form on Dowex 50 cation exchange resin lollowed
by titration with sodium hydroxide.

In determining marc the ground samples were extracted with
80"{, alcohol, dried, and weighed.

In determining raflinose and galactinol, the [rozen samples
were partially Lhawml then p)csscd at 9,000 pounds per square
mch in a Carver laboratory press (Serro and Brown, 15). The
t’Xpl“Cs\Ld Juice was used duutl} or diluted with water to bring
the sample within range ol the standards.

A special drying-developing oven was constructed essentially
according Lo plans supplied by Robert . Brown of the Grea
Western Sugar Company, Denver, Colorado, (Drawing No. 9419) .

The minor modifications of the basic methods were these:
rallinose: {4} Standards were made up to give 4, 8, 12, and 16
micrograms 1 a 10 microliter spot. It was necessary to use a
sucrose base for these standard solutions.  (b)  An n-propyl
alcohol-cthyl acetate-water was used as a solvent mixture for about
22 hours. (¢) the « napthol solution was applicd to the paper
by drawing the paper quu kly dhyough the soluton i 2 way and
mnncdmb&*ly hanging it up to dry. This gave very even distribu-
tion without sueal\mo the raffinose spots.  Galactinol:  (a)
Standard spots wmamid 2,4, 8 and 12 micrograms. The
galactinol used as standard was furnished by Mr. Robert ], Brown
of the Great Western Sugar Company.

Results and Discussion

Chemical analyses of the beets produced in 1954 are summniar-
ized in Table 1. The high variability due to determinations was
believed to be due to inherent limitutons of the analytical meth-
ods, Himited experience of the analvsts, long sample storage period
during which temperature controls were not adequate, inherent
Variabilicy of the sugar beets, and the low concentration ol some
of the constituants in the beets. Correlation coefficients between
sucrose and total nitrogen and between sucrose and total anionic
constituents were nonsignificant.

It should be remembered that this was preliminary (rial
used to develop procedures to be used in the major wrials of
1955 and 1956.
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Table T—The mean, and coeflicient of varfarion values for the constituents of the 56
sugar beets sampled in Usab in 1854,

Cuoeflicient of variation

Single Single
Constitnent Mean bectt determinations?
Glutamate T froshoweipht 6.1240 75.4 23.8
Reducing sugar ‘;'_,; fresh weioln 0.17 1R.2 5.2
Amino nitrogen G Dresh welehs 0,018 146 141
Anionic constituents meq 100g of sucvose 2916 22.2 7.0
Total nitrogen 1, Iresh weinht 01860 18.9 58
Votal marc % fresh weight 5.6 15.3 4.2
Dry matier fresh weivht 2544 ' 7.1
Sucrose fresh weizht 17 8.6 2.1

T fhe standard ervor of a sinele beet, eliminatinr determination error and assuming
randomized sampling, a3 a pereent ol the meun. CocfHiciem of variation of single beeis,

*hhe standard crror of a sinale derermination expressed as percent of the mean. Co-
citicient of variation of single determinatious.

The vesules of the analyses of the beets produced in 1955 and
1956 are summarized in Table 2. Mean comparvisons can he
made with the 1934 data bur it is dificult o draw conclusions
because the constituents reported and the units of measurement
differed. Dircet comparisons may be made between coelficients
of variatton., Glutamate was the most variable and sucrose the
least variable constitaent in both years.

Other constituents differ in rank but were essentially in the
same order. The 1950 results represent 50 beets of one variety
sampled at one location (Utah) and grown under one nitrogen
level, The results {er 1955 (Table ‘)} repreesit I lots of 50
beets cach which include 2 varieties, 3 locations (Uwah, California
and Michigan) and 4 nitrogen levels.

Correlations: Simple correlation coefficients involvi ing all pos-
sible combinations (66 in all) were caleulated for each nitrogen
Jevel and Tocation (11 in all) in 1955 and 1956. The results are
sumimavized and pre%cntcd in Table 3. Sucrose was negatively
correlated withe all chemical constituents except galactinol and
was positively correlated with marc, No correlation was lound
between sucrose > beet weight, suerose X beet girth, or sucrose
X galactinol.  Other significant correlations may Dbe seen in
Table 3.

The negative correlation berween sucrose ) glutamate is in
agreement with Walker et al. (18). The negative correlations
between sucrose > total nitrogen and sucrose X amine nitrogen
agrees with Haddock (10).



Table 2.—Mean and cocficients of variation for sugar bects

sampled in

Utah, California, and Michigan in 1955 and in Utah in 1956,

Coefficients of Variation

1955

1956

Mean Single Single Single Single
Constituent 1856 hectt determinations? beet? determinations?
Clutamate mg 100 bect 38.7 59.5 64.1 2{3.2 18.2 15.2
Calactinol o7, fresh weight 057 025 KRy 16.1 36.4 115
Amino nitrogen mg 100g beet 37, 10.0 41.9 13.2 15.2 147
Beet weight pounds per beet 2.22 2.19 4l 35.0
Raftinose ¢, fresh weight 112 172 20.2 8.2 301 0.6
Malic acid mg 1002 beet 11.2 20.7 27.7 8.8 29.3 4.3
Beet girth inches per heet 12.6 i1.6 16.0 12.8
Total nitrogen me. 1002 beet 227.5 216.2 15.9 5.0 19.9 6.5
Oxalic acid mg/100g beet 1643 96.6 15.5 1.9 16.0 5.1
Anionic constitutents meq/100g bect 8.87 7.90 5.3 1.8 15.1 4.8
Muarc o, fresh weight 1.93 4.90 9.5 3.0 10.9 3
Sucrose o7 fresh weight 11.9 15.0 7.1 2.2 &5 2.6

gce

1 The standard crror of a single beet, climinating determination crror and assuming randomized sampling, as a percent of the mean. Coefficicnt of
variation of single bects, .

2 The standard error of a scingl detennination expressed as percent of the mean. Coeflicicnt of variation of single determinations.

GG Y L J0 vNnof

I
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the 11 diflerent lots of beets,

Table 3. —Tabulation ol the significance of the respective correlation cocflicients for

Number of times (out of 11) correlation
coclficients were signilicant

05 Tevel

01 Tevel

Comparison Positive Negative Positive Negative
I weizght 3¢ ainh 11 11

2 STICTONC

b) mare

1 malic 7 3

5 oxalic acid I

[l anionic constituents 2

T totul nitrogen

b amine nitrogen

1 alutamate |

10 aalactinal

I rallinose |

12 mivth % sueros:

[} FIRECRYS 1

11 mlic acid 7 o

15 oxalic aci

Y anionic constituents 6

17 total nitrogen

I8 amino nitrozen

19 alubtamate 1

20 galactinol 1

21 raftinose

99 SHerose W mar 1 5

23 mulic acid 8 b
24 oxalic acid 0 7
25 anionic coustituents ] 2
26 totil nitrogen E] !
27 amino nitrogen 0 4
28 shtamate 3 4
29 aalactinol

S0 ralfinose 3 5 I
41 mare 3 malic acid 8 i
42 oxalic acid I 1

33 anionic constinments 2

41 total nitrogen 3

45 amino nitrogen 2

a6 glutamate 3 1
37 galactinol 1

i vallinose 1

30 oualie acid s oxalie acid (4] b

1] anionic constitnents L} 8

11 total nitrogen

12 amino nitrosen 1

3 sluramate 3

iR walactinol 1 1

13 ruflinose
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TABLE 3.—Continued.

Number of times (out of 11) corvelation
coeflicients were significaant

05 leveld 01 fevel
Comparison Positive Positive Negative
46 oxalic acid X anionic constituents 10 8
47 total nitrogen 1 1
48 amino nitrogen K 1
49 glutamate 4 1
30 galactinol 1 1
o1 rattinose 1 1
32 anionic const. X totsl nitrooen 7 3,
33 amine nitrogen 6 4
54 olutamate 5 3
55 galactinol 1
56 raflinose 1
57 total nitrogen X amino nitrogen 10 10
H8 glutamate 10 8
59 galactinol 2
60 raftinose
61 Awino nitrogen X glutamate 10 4
62 galactinol 3
63 raffinose
64 glutamate x galactinol 2 3 2
1) raffinose [ 1
66 galactinol w raflinose 1

Constituents and Coefficients of variation: Table 4 gives the
mean constituent value for each variety, year, location, and rate
of nitrogen lertilization. The corresponding coeflicient of varia-
tion for a single determination is included. Lach figure is based
on a 30 bect sample and duplicate determinations, except for
beet weight and girth on which only single mcasurements were
made. .

The coeflicient of variation [or glutamate is about 1.5 times
that for beet weight and 8.8 times that for sucrose. 'These agree
essentially with Hac ct al. (9) who reported multiples of 2 and b,
respectively.

Equating the cocflicient of variation f{or sucrose equal to one
and relating the other cocfficients to it gives the following:

(1955)
Sucrose 1 malic acid 3.8
marc 1.5 rvafhnose 4.0
anionic constituents 2.1 bect weight 5.7
oxalic acid 2.1 amino nitrogen 5.7
total nitrogen 2.2 galactinol 7.0
beet girch 2.2 olutamate 8.8



Table 4.—Constituents of sugar beets and coeflicients of variation in relation to year, location, variety, and rate of nitrogen fertilization.

Glutamate salactinol Amino nitrogen Beet weight
Applied Mean Mcan % Mean Mean
N mg/100g fresh mg/100g pounds
Year Location Variety per acre hect cva weight c.vai beet cva per beet cya
Ib
1955 Davis, California A 180 165.6 18.5 56 13.1 46.2 11.1 3.02 12.5
Saginaw, Michigan A 70 85.8 10.9 040 10.6 59.0 9.9 2.51 11.7
College Ward, Utah A 80 24.5 13.4 .082 18.3 25.9 15.1 2.20 11.6
A 250 24.4 14.4 057 9.6 27.7 14.8 2.25 13.1
B 80 j2.2 13.0 056 18.1 311 12.7 2.53 13.0
B 250 35.8 15.2 056 11.4 25.5 16.4 2.13% 15.4
North Logan, Utah A 80 19.9 13.6 059 18.8 34.5 15.2 2.01 11.9
A 250 84.1 17.6 76 11.7 48.9 10.5 2.05 13.2
B 20 29.0 20.3 057 21.7 25.0 19.3 1.75 13.2
B 250 64.3 9.4 051 11.2 55.7 13.5 1.79 16.1
1956 North Logan, Utah B 80 59.5 15.2 025 11.5 40.0 18.7 219 10.3
Raffinose Malic acid Beet girth Total nitrogen
Applied Mean 9 Mean Mean Mean
N fresh mg/100g inches mg/ 100g
Year Location Variety per acre weight { £ beet C.V.L per beet Cc.Va beet C.Va
b
1955 Davis, California A 180 044 7.0 39.1 10.1 13.5 5.0 184.1 6.2
Saginaw, Michigan A 70 044 9.3 30.5 9.6 15.6 4.9 289.0 4.0
College Ward, Utah A 80 116 9.6 49.8 8.2 12.6 4.7 185.9 3.8
A 250 129 12.1 18.4 10.8 12.6 54 205.7 4.1
B 80 126 8.8 48.3 9.0 13.4 4.7 208.1 4.5
B ' 250 109 6.4 16.4 7.9 12.6 5.1 204.8 5.0
North Logan, Utah A 20 156 3.0 323 6.0 12.1 5.2 234.3 5.4
A 250 1351 9.1 48.7 7.4 12.7 5.1 280.5 3.1
n 80 143 6.8 29.9 8.5 11.3 4.9 188.3 9.4
B 250 146 8.6 39.0 74 11.5 5.4 204.7 4.7
1956 North Logan, Utah B 30 172 9.6 29.7 9.3 11.6 4.1 216.2 6.3

! Coefficient of variation of a single beet assuming no determination error and completly randomized sampling.
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Figure 1.—Coefficient of variation of a mean assuming completely
randomized sampling and the elimination of errors in determination as
related to the number of beets sampled (Standard error of a mean as a
percent of the mean).

Figure 1 graphically portrays coefficients of variation of the
means assuming completely randomized sampling and the elimina-
tion of errors in determination as related to the number of beets
in a composited sample. This figure may be used to predict the
number of beets which must be sampled and composited before
analysis if a particular coefficient is desired. For example to
determine glutamate with a 109}, coefficient of variation requires
a composited 45 beet sample. On the other hand this sample,
analysed for sucrose, would have a 1.29 coefficient of variation.
Glutamate was about eight times as variable as sucrose. Other
comparisons may be made.
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Recommendaiions: Duplicate analyses are recommended for
constituents having high determinational errors, e, g. elutamate,
galactinol, amino nitrogen, raflinose and malic acid (Table 2,
Drawing the line between duplicate and single analyses should
be determined by the cost of running determinations versus the
addition of more heets. When the determinational ervor is simall
more gain can be achieved by sampling additional bects. When
the determinational ervor is large it may be necessary to run
multiple determinations and n addition te sample more beets,

There was wno significant gain or advantage achieved by
spreading the sampling over the whole plot. The size of the plor
was such that the first 50 beets were as good a sample as any 50
beets obtained by any claborate procedure. The variability en-
countered in these aniform small plots was not envivonmental
but genectic and only as such reacted with cnvivonment was it
not uniform.

The variability was swrprisingly aniform over all locations.
The nitrogen fractions scemed to be related o niirogen fertidi-
7ation. Variations between locations werve great; however, no
attempts were made to draw these out. "Fhe varlations measured
and expressed were those found within plots,

Sammary

Sugar beets were grown in Utah (1954, 1955, 1056}, California
(1955), and Michigan (1955) to study constituent variability as
nfluenced by vear, location, variety and nitrogen fertilization,

Trwelve 50 bect samples were taken.  The 18954 sample (50
bectsy was selecred at random for three adjacent rows 22 inches
apart and 24 fect Tong. The ten 1955 samples were selected as
five random sampled pairs of beets from cach ol five 10-loot long
adjacent, end-to-end scctions of a $-row (4 row in Calilurnia)
by 30400t plot arca. The 1956 sample was selected at randoom
10 beets at a time from flive 3-foot long, adjacent, end-ro-end
sections of a 3-row by 25-foor plot area.

Lach beet was fifted, topped, Tabeled, and placed in ice warer
while transported to the laboratory. AL the laboratory cacli beet
was cleaned, weighed, measured, chopped, sampled, and {rozen
independently. About 3 howrs clapsed between  digging and
sample freezing,

{aborvatory analvses made on the basis of Iresh weight -
cluded: me/ 1002 for glutamate, amino nitrogen, total nitrogen,
madic acid and oxalic acid: meq/100 ¢ for anionic constituents;
and percent for galactinol, rafinose, marc, and sucrose. Dupli-
cate determinations were made on each test tor cach constituent,
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Statistical analyses of the data gave negative corrclations be-
tween sucrose andd the other chemical constituents except galac-
tinol.  Sucrose and marc were positively correlated but no re-
lattonship was evident between sucvose X beet weight and suc-
vose > beet givth, Sucrose was the only constituent which was
consistently (hdll“(d in the same direction (in this case down-
ward) by an inarcase in nitrogen fertilization. The nitrogen con-
stituents  (glutamate, amino nitrogen and total nitrogen) were
inconsistent i this respect.

Changes i cocllicients of variation were graphically portrayed
in relation o the number ol beets i a composited sample. Using
this graph one may predict the number of beets which must be
sampled and composited before analysis if a particular coceflicient
ol variation for any constituent is desived. Glutamate was the
most variable and sucrose the least variable constituent mcas-
urec. Varietal ditferences were not consistent and were usually
not great,

Layrge determinational errors suggest a need lor duplicate
analyses and the addition of move beets whercas only single
analysis may be needed where small deternminational errvovs are
encountered.
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