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Previous to 1952, sugar beet lines possessing both high sucrose
percentage and curly-top resistance had not been fully developed.
Selection from a broad self-fertile genetic base at Salt Lake City
in 1953 and 1954, followed by progeny tests in 1955 and 1956.
resulted in the development of some high-sugar, curly-top-resist-
ant lines. These self-fertile lines were utilized for a study of
chemical and physiological characters, with emphasis on nitro-
gen determinations of petioles and sodium content of roots in
relation to sucrose percentage and other quantitative measure-
ments. A statistical study of some of these quantitative measure-
ments was made in the hope of finding better methods of iden-
tifying superior genotypes, and extensive correlation coefficients
were calculated to determine possible relationships between the
different characters.

Materials and Methods

Well drained. highly productive Taylorsville loam (2)* soils
were chosen for selection and evaluation work in 1954, 1955 and
1956. The fields were located at Granger, Utah. A long-time
crop rotation plus regular applications of manure and phosphate
fertilizer, maintained a yielding capacity of sugar beets approach-
ing and often exceeding 30 tons per acre on the experimental
sites. In spite of this highly productive soil. petiole samples taken
at-an early harvest date in 1954 showed low nitrate-nitrogen con-
tent. One small-scale test employing a late nitrogen fertilizer
application was made in 1954 (see Table 2). In 1955 and 1956
liberal applications of nitrogen fertilizer were made over a chosen
portion of the replicated plots of each field during the growing
season.

The test in 1954 was devoted to a collection of inbred lines
of suoar beets for preliminary selection work. Some lines were
orown only in sinele plots while others appeared in a second
replication.  An early harvest, September 21. was made of ap-
nroximatelv twentv individual beets from each of the inbred
lines. Fifreen measurements were made or calculated on each
heat in cach line. Petiole samples from five recentlv matured
leaves per heet (9) were taken at harvest. For the small-scale
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test with the heavy late nitrogen application, variety 542.400,
representing the broad. seli-fertile genetic base, was utilized, and
individual bects were harvested and periole samples taken No-
vember 2.

In 1955 five inbred lines were selected for further study of
differences from the standpoint of sucrose percentage, amino N
and sodium content. These varieties were planted i random-
ized blocks with 40 fu plots at two levels of lertility, normal and
high, with three l‘cp]lmtmnx at cach level, The high-fertidiy
level was obtained by adding two applications ol ammonium
nitrate at the approximate rate ol 120 pounds of nitrogen per

Cacre July 20 and again on August 27. A composite sample of
ten roots was taken from ecach plot October 3 and another
sample on November 4. Five additional individual beets, selected
for uniformity of size and shape, were taken from each plot
November 4. Petiole samples were taken from cach selected
plant for nitrate-nitrogen analysis.

In the 1956 test there were two nimogen levels with six
varieties replicated three times in 4-row plots. The high-fertility
tevel received two supplemental applications of  aminonium
nitrate; one ar the vate of 75 pounds nitrogen per acre on June
20, the other at the rate of 90 pounds nitrogen per acre on
Iu]w 26. Two hundred pounds per acre of 24- ‘)t) 0 fertilizer were
applied to all plots before planting. Twenty consecutive beets
were taken from the row with the best competitive stand in each
4-row plot. The early harvest date. September 24, was chosen in
order to obrain a higher nitrate-nitrogen content in the petioles.

I'he lines tested in 1955 and 18956 resulted from the intensive
selection work done in 1954, (*\((Lpt for the commercial variety

U'S 41 used as a check in 1856, The DList of varieties was as
follows:

Us 41 Intermediate sugar-type commercial variety
Line 163 Low-sugar type

Line 163A Higher in sugar than line 163

SLL.C 117 A monogerm inbred, intermediate-sugar type
CTo Yield type with proven combining ability (3)
CTh Intermediate-sugar type

715 subline Similar to €15 but more uniform

TH High-sugar type

«T7 Low-sodium, high-sugar type

Petiole nitrate-nitrogen analyses were made on dried samples
at the University ol California, Berkeley, California. by methods
previously deseribed (93, Other chemical analyses were made
at the U5 Department of Agriculrure field laboratory in Salt
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Lake City, Utah. by methods also desceribed (7). Amino N in
the bect, as ghuaming, wias determined on clear hluare (26
grams pu p ¢ westul in 177 ml. H.O and 0.7 gramus Hornes dry
]Cdd), by the Stanek- Pavl(u method using the spectrophotometer
as the Aha()rptlon instrument, Na and K in the beet were deter-
mined on part of same filtrate by use cf the flame spectrophoto-
meter. Respiration measurement is reported in milligrams (mg.)

CO, per kilogram (kg) (fresh weight) per hour using a
fresh 10-gram cylindvical beet root section. Total nitregen in
cach dried petiole sample was determined by the Kjeldabl
method. Percent purity as ICpon(d is the ratio of sucrose to
total soluble solids. often relerved to as apparent purity. Per-
centage ol total soluble solids was determined with a dipping-
type refractometer. Percent sucrose was obtained by direct polar-
ization of clear filtrate,

All information was punched on IBM cards (5). The cards
were punched locally and sent to the Computing Laboratory,
Biometrics Services, Agricultural Research Center, Belisville,
Marviand, where means, standard deviations, and corrvelation
coctlicients were caleulated by machine processing.  Variance
analyses and coeflicients of variability were completed by hand
calculation.

Experimental Resulss
Means of Quantitative Measuyements

Yearly means of all measurements [or 1954, 1955, and 1956
are shown in Table 1. The data in Table | for the year
1954 are those obtained at the early harvest date, September 21,

Table L—Yeurly Means, AN Measuroments, with Varieties amd Fertility Levels Combined.

Year

Code Measurement 1954 1055 1936
1. Beet weight in grams 150 1480 1510
2. Pereent sucrosc 146 17.1 4.2
3. Amino N in beets, ppom. 3600 3700 7600

4. Na in heets, popan. 275 270 230
3. Respiration rate CO:/Reg/hy (myg) 12

. K in beets, p.pan. 3080 2630 3110
9. Sugar content, grams (hoel wi, % PEreent sucrose) 155 232 182
8. Percent salids 19.2 166
4, Nitrate-nitrogen in petiole, p.om. 390 65 1084
10.  Percent purity 891 NA0
10A. Top weight, grams (1934} 748

1T, Nwmbher of leaves (buased on weight of 5 leaves) 43

12, Ratio of petiole 10 top weight SLT

12A. Total N in petiole. p.poom. 13,800

13, Length of petiole, em. 227

4. Space cotde {rated 1w 93 2.2

Number of observations {individual beets) 530 150 720
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on normal-fertility plots. The nitrate-nitrogen in the petioles

was only 520 p.p.m. which is considered rather low for an early
harvest date.

Table 2.—Effcct of Heavy Late Application of Nitrogen on Sugar Beet Analyses, 1954,

Petiole
Root Analyses Analyses
=4 2 . = g 2 - 7.
=% o 2 o s = - = el
e =E &¥ ¢ L SRS e 4
2 | Z = = ] - 2 4
Lbs. Percent PPM PPM PPM  Percent PPM
Heavy Nitrugen 20 3.15 14.98 5600 427 3318 84.6 4539
Normal 20 221 17.72 2500 197 2569 80.8 185

L Nitrogen applied August 27, 300 Ibs. per acre of ammonium sulphate, and September
10, 300 1hs. per acre of ammonium nitrate, harvested November 4, 1954,

Table 2 shows spectacular effects from a late, heavy application
of nitrogen in 1954 with the beets harvested November 2. The
sucrose dropped from 17.72 percent on the normal-fertility level
to 14.98 percent on the high-fertility level, with a corresponding
drop from 89.8 to 84.6 in percent purity. The late, heavy appli-
cation ol nitrogen resulted in high increases of amino N, Na,
and K in the beet roots and a tremendous increase in nitrate-
nitrogen in the petioles, from 185 p.p.m. on normal fertility
to 4539 p.p.m. on the high-fertility level. Beets grown at normal
lertility also decreased in petiole nitrate from 520 p.p.m. on
September 21 to 185 p.p.m. on November 2.

Table 3 gives the means of varieties for 1955 and 1956. In
both years line CT7 proved to be different from othet lines
because of its low Na (Figure 1) and K content in the root, a
surprisingly low nitrate-nitrogen content in the petioles, but
high amino nitrogen in the roots (Figure 2) and high total
nitrogen in the petioles.

The 1955 data shown in Table 4 are from individual beets.
Data from ten-beet composite samples taken from the same plots
in 1955 are shown in Table 5. Here the striking effect of harvest
date and fertility level are easily seen. The lowest sucrose was
obtained at the early harvest, October 3, with high nitrogen fer-
tilization. The highest sucrose was obtained at the late harvest,
November 4, with normal fertility. The striking behavior of
CT7 with low Na but high amino N content is again illustrated.



Table 3.—Variety Means.

Root Analyses Petiole Analyses
No. Beet Amino Sugar Total
Vaviety Beets Weight Sucrose N Na K Content Solids Purity NO:-N N
Grams Percent PPM PPM PPM Grams Percent Percent PPM PPM
1955 Test
Line 163A 30 1650 17.0 2600 410 3020 278 18.9 89.5 1130 12300
c19 30 1420 16.7 3600 310 2690 238 18.7 89.3 740 13300
SLC 117 mm 30 1670 17.1 3100 290 2480 282 19.1 89.7 A/70 12600
CT8 30 1490 18.0 3000 220 2530 266 20.0 80.8 1070 14700
Cl17 30 1150 16.9 6200 110 2450 194 19.3 87.2 520 16000
MEAN, all varieties 150 1480 17.1 3700 270 2630 252 19.2 89.1 870 15800
1L.SD 59, point 250 0.72 1220 8l 243 38 0.72 1.33 N§ 1330
1956 Test
LS 41 120 1590 13.1 7700 480 5800 181 15.7 83.1 6075
Line 163 120 1580 12.0 10700 200 3700 189 14.7 814 4949
CTs 120 1280 14.7 6400 250 2860 186 17.0 86.2 4185
CT5 subline 120 1250 4.4 G100 150 2970 179 16.6 86.7 4170
CTs 120 1270 15.8 5700 200 2810 197 18.1 87.2 3218
cT7 120 1080 ' 15.1 9100 103 2520 1G1 17.6 85.7 1934
MEAN, all varieties 720 1510 14.2 7600 230 3110 182 16.4 85.0 4084
LSD 59, point 210 0.80 1660 G5 255 NS 0.80 1.91 1227
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Table 4.—Effect of Fertility Level, 1955,

Variety

Line 163A

SLC 117 mm

CT8

CT7

Fertility

Normal
High

Normal
High

Normal
High
Normal

High

Normal
High

Normal
High

Difference

Root Analvyses

Amino

Petinle Analyses

No. Beet Sugar Total
Beets  Weight  Sucrose N Na Kk Content  Solids Purity NOw=N N
Grams Percent PPM PPM PPM Grams Percent  Percent PPM PPM
Mean for variety at each fertility level
15 1630 17.9 2200 280 2800 291 19.9 90.3 6H60 11400
15 1670 16.0 3000 540 4230 265 18.0 EEE 1610 13100
15 1500 17.3 2900 280 2710 257 19.2 90.1 400 12300
15 1550 16.2 4200 340 2680 218 18.3 88.5 1070 14500
15 1820 17.6 2500 230 2580 318 19.3 90.8 490 11500
15 1520 16.6 3700 340 2570 251 18.8 88.6 1240 13700
15 1440 18.4 2600 160 2370 263 20.3 90.5 390 13300
15 1540 17.6 3300 280 2690 268 19.7 89.1 1750 16100
15 1200 17.2 5200 100 2270 206 0 88.4 350 14800
15 1110 16.5 7100 120 2630 183 19.2 86.1 690 17100
Mean for all varieties at each fervtility level
75 1520 17.7 53100 210 2500 266 19.6 90.0 460 12700
75 1440 16.6 4300 320 2760 237 18.8 88.2 1270 14900
—B0 —0.9¢ 12002 902 260 —297 —0.8% —1.82 810= 2200+

2 Significant at 19 level

0%¢
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Figure 1.—Scatter diagrams comparing inbred CT7 (.) and three other
inbred lines ( + ) in relation to percent sucrose and Na in the beet. Data
are from 10-beet composite plot samples taken in 1935, with two dates of
harvest, September 21 and November 2, on two fertility levels with three
replication plots at each level, making a total of twelve plots and twelve
10-beet composite samples. See Table 5 for tabulation of data.

The same 1955 data for sucrose percentage and Na content shown
in Table 5 are illustrated by scatter diagrams in Figure 1. In
these scatter diagrams the positions for CT7 are so different
from those of the other varieties that there is no overlapping.
CT7 occupies a unique position in all comparisons.

I'able 4 shows means for fertility levels and varieties for 1955.
The mean nitrate-nitrogen in the petioles was 460 p.p.m. at the
normal fertility level, and 1270 p.p-m. at the high fertility level.
The difference between fertility levels was not so great in 1956
(Table 6): the normal fertility averaged 3622 p.p.m. and the
high fertility 4545 p.p.m. The higher nitrate-nitrogen in petioles
in 1956 was due to the earlier date of harvest, September 24, as
compared with the late date of harvest, November 4, in 1955
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Figure 2.—Scatter diagrams showing relationships of Amino N in the
beet root to Nitrate N in the petiole for four varieties: CT7, CT8, CT9, and
line 163A; representing 1956 data from individual beets taken from two fer-
tility levels, three plots at each level and five beets from each plot, a total
of 30 beets of each variety.

Statistical Interprelation of Means -

The measurements from individual beets shown in Tables
3, 4, and 6, were subjected to variance analysis and the statistical
interpretation is presented in Table 7 for 1955 and 1956 data.
The variance ratios, or calculated F values in terms of errors
variance, show highly significant differences due to varieties. In
interpreting these results one should bear in mind that the
varieties were selected principally for differences in sucrose con-
tent. Sodium content was also considered to some extent. The
varieties were not selected for the other chemical constituents;
yet, for the most part, highly significant differences were ob-
tained between varieties for all chemical constituents.

In 1956 (Table 7), there were highly significant differences
due to varieties for all measurements, including petiole nitrate
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analyses. In 1955 the results were much the same but with a
less pronounced eftect of variety on petiole nitrate-nitrogen.
The decided decreases in sucrose at the high-fertility levels
(Tables 4 and 6) are shown to be highly significant by the
variance ratios (Table 7). The influence of fertility level on
most other chemical analyses was also highly significant.

Table 5.—Means from 10-beet Composite Samples in 1955 with Three Replicated Plots
at Each Fertility Level.

Variety Weight Sucrose Purity Amino N Na K
Lbs. Percent Percent PPM PPM PPM
Oct. 3 harvest—High N -
Line 1634 29.2 13.6 87.5 3400 660 3850
1o 289 11.6 87.6 4600 410 3400
cTs 20.1 16.0 88.9 4100 310 3240
cry 215 15.2 84.9 7400 150 2970
Avy, 14.8 a7.2 4875 384 3365
Oct. 3 harvest—Normal fertility
Line 163A 29.2 15.3 an.3 2100 430 3500
cT9 23.3 15.1 88.6 2500 380 3120
CTR8 18.0 18.1 92.8 1600 230 2610
CT7 19.3 16.4 90.0 5000 130 2850
Avg. 16.2 90.4 2800 202 3020
Nov. 4 harvest—High N
Line 163A 21.8 15.7 82.8 3300 480 3710
cT9 29.8 16.2 85.9 4400 380 27490
cT8 0.5 18.1 87.0 3300 250 2540
cT? 18.8 16.6 83.9 7800 120 2560
Avg. 16.6 84.9 5250 307 2000
Nov. 4 harvest—Normal fertility
Line 163A 25.7 17.8 87.3 2500 350 2860
CT9 24.5 17.0 87.5 2100 00 2850
cT8 20.7 18.9 87.4 1900 190 2300
cr7 21.3 17.4 84.8 5800 100 2300
Avg. 17.8 86.4 3325 235 2578

In gencral the differences due to fertility level were larger
in 1955 than in 1956. This is accounted for by the fact that the
fertility gradients were more distinct in 1955. Unfortunately
in 1956 there were differences in degree of fertility among the
different plots on the normal fertility level. Fertility level had
a distinct effect on the content of nitrate-nitrogen in the petioles
in 1956, but the F value of 8.52, due to fertility level, was lower
than the F value of 13.50, due to variety. Significant differences
in beet weight due to fertility level were not obtained in either
year. This was due to the fact that the nitrate-nitrogen was above
the critical level (1000 p.p.m.) and so would not affect growth
differentially (10). However, significant reductions in sucrose
percentage do occur at nitrate concentrations higher than the
critical level affecting beet weight.



Fable §o—Lifect of Fertility Level, 1856,

Root Analvses

Na, Beet
Yariery Fertility Heews Weight
Grams
18 1] Nornial 60 1380
Figh 60 160
Line 163 Normual [} 1590
High 60 1570
[N 51 Normul 6} 1200
High (0 1850
CT5 subline Normaul 60 (RN
T{igh GO 1380
Cre Normual 60 1240
High 60 1200
oy Normal [y 10596
IMigh 60 060
Average Noyoal 560 1270
Tligh 360 1540
Difference 70

Petiole

Analyses

Aminn Suygar
Sucrose X Ny 1S Coment Solids Purity NOsN
Percont PPN PPy PPrM Grams  Percent Porcent PPM
Mean for vaxiety at cach fertiliey dovel
3.1 GAOG A60O 3020 131 15.9 R25 5837
13.0 606 H16) AUR0 182 1.3 R3.7 6277
129 J GO0 210 3560 196 155 30,1 3002
116 GROG 186 3310 182 1.0 82.8 363
14.9 5300 261 2680 177 7.0 ¥3.9 463
(B X1 7200 210 3040 164 16.7 86.5 1921
14.8 K100 1440y 2780 166 17.0 86,8 3463
1a.0 7000 170 1160 1493 16.2 86.6 18577
16.3 5100 250 2640 200 188 #6.6 2323
13.3 6200 o 29460 194 174 87.8 4113
5.4 K900 Ly 2440 167 8.2 S04 1616
14.7 G300 180 2600 155 17.0 874 2251
Mean for all varietics at cach ferdilioy leveld
14.5 00 230 2060 181 7.1 4.4 3622
13.8 B000 220 3260 183 16.1 85.7 s
). 7% 800 - =50 500% 2 e ] (W - 0.7 923

PSignificant al 39 level

“ Significant at 19, level

et
e

g6 gy IR g0 tvaaaof

L



Table 7.~~F Values from Variance Analyses.

oA

0N X

9

Root Analyses Petiole Analyses
Degrees
of Beet Amino Sugar Total
Variable Freedom Weight Sucrose ™ Na B content Solids Purity NOs-N N
Calenlated F vahues, 1955
Fertitity i 1.06 25.962 1012 21.66! 11.85% .60 1504 19.19¢ 26.632 9864
Varictics 4 .09% 4.12¢ 12,08 16732 8.152 8.32¢ 4,23 5872 2.01 12.02¢
Varieties » Ferrility 4 b1 1.05 K 272 1.15 G.94 j.50 0,21 114 .97
Calculated F values, 1956
Foertifity ] 147 K04 310 2.94 18.51¢ il 21.08¢ 6.1 8.5
Varieties 5 hopse 25.90¢ 12,704 32,78 35.182 2,42 22.08% 12.15% 13.50¢:
Varieties w7 Fertility 5 3.054 0.27 1.52 1.63 .98 112 071 0.72 0.91

* Signilicant at 5% fevel
“Significant at 19, level .

A

1
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The F value (Table 7) measuring the interaction between
variety and fertility level, with the exception of beet weight in
1956, shows no evidence ot significance. No significant inter-
action with sucrose percentage 1s indicated. However, Table 4
indicates that the sucrose percentage of the higher sugar lines
CT8 and CT7 may have been less affected by Ieluluy level
than the other varieties in 1955. Here (Table 4) the reductions
in sucrose percentages at the high versus the normal fertility
levels were: For CT8, 0.8; for (,T,J 0.7; for CTY, 1.1; for SLLC
117, 1.0; for 163A, 1.9. These figures indicate a tendency for an
interaction between fertility level and variety, but the differences

"were not great enough for statistical significance. °

Coefficients of Variability

Table 8 shows that the greatest variability was in measure-
ments of weight, amino N, Na, sugar content and nitrate-nitro-
gen in the petiole. Variability was decidedly lower for percent
sucrose, percent solids, and purity. The coefficients ol variability
at each fertility level were roughly the same for most measure-
ments except for nitrate-nitrogen in the petioles. The variability
of petiole nitrate was greater on normal fertility because the
nitrogen was near the cleh(.lemy level. Some individual plants
were deficient while others were not.

Correlations with Petiole Nitrate

Table 9 shows » values obtained in 1955 by variety and in
1956 by variety and fertility level correlating nitrate-nitrogen
in the petioles with eight different root measurements. In 1955
petiole nitrate correlations with root analyses for amino N, Na,
and K varied considerably according to variety. Line CT7 with
high amino N and low Na and K, which in previous tables was
shown to be different from other lines in actual values. also
appears to have given somewhat different correlation values.
The three corre]"ttions with petiole nitrate, 0.17 for amino N
(Figure 2), 0.28 for Na, and 0.06 for K, are low positive values
but not statistically mgmhmnt. The corresponding correlations
with some of the other varieties are highly significant in the
positive direction. In 1956 (Table 9) the vesults with CT7,
correlating nitrate-nitrogen in the petiole with amino N in the
root, show a statistically significant negative » value, whereas a
positive r value was expected based on results with other varieties.

Correlations with Sodium
Correlations between Na content and other quantitative

measurements are shown in Table 10 for 1955 and 1956. Na
is correlated negatively with percent sucrose (Figure 1), solids.



Table 8.—Coefficients of Variabilityl.

Root Analyses

Petiole Analyses

Total

No. Beet Amino Sugar
Variety Beets Weight Sucrose N Na K Content Solids Purity NO:-N N
1955
Line 163A 30 26.6 8.4 56.1 59.0 15.8 26.0 8.0 2.0 40.5 19.2
cT9 30 21.0 6.0 39.2 23.5 11.0 20.9 5.0 1.8 94.6 12.8
SLC 117 mm 30 31.7 7.0 31.9 36.6 17.6 30.0 6.5 2.1 94.8 19.3
cT8 30 25.5 5.0 44.3 39.1 15.4 229 4.4 1.7 79.9 14.0
cT7 30 18.7 5.6 36.3 26.4 16.4 18.5 4.4 25 66.9 15.3
Normal ¥l ] 29.8 5.5 2131 46.5 16.2 27.9 4.9 1.8 105.6 17.0
High 75 27.7 6.7 32.4 60.6 16.7 26.6 8.2 1.8 70.3 17.6
All plots combined 150 22.0 6.8 33.8 61.0 17.1 27.8 6.1 2,95 94.7 18.9
1956
USs 41 120 37.2 13.5 41.4 63.5 14.7 38.6 10.5 4.8 19.5
Line 163 120 53.6 13.5 40.9 45.5 13.9 35.3 1.6 5.7 9.0
CT5 120 20.4 7.5 31.1 38.4 18.2 29.8 6.6 3.4 21.3
CT5 subline 120 31.9 9.1 30.6 40.0 16.3 31.2 7.8 4.3 28.7
CT8 120 35.6 8.6 43.5 39.0 22.7 33.1 7.5 3.8 28.5
cr7 120 29.6 5.6 26.5 33.0 13.7 28.4 6.1 2.8 73.5
Normal 360 36.9 '8 54.7 88.4 225 33.0 10.2 4.8 64.5
High 360 34.3 12.8 2.7 64.6 21.3 33.3 10.5 4.8 47.1
All plots combined 720 35.5 13.1 44.3 81.2 22.5 33.5 10.8 4.9 5.1

1 Based on the standard deviation for numbers of beets shown.
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Table 4.—Correlations, By Variety, Gbtained

Between Nitrate-Nitrogen In Petivle and Other Quantitative Characters.

Nitrate-Nitrogen in Petiole Corvelated with:

Tetal Nin
Petiole

Fertility No. Buet Pereent Amino Sugar  Percent
Variety Leved Beets Yeight  Sucrose A9 Xa K Content  Solids Purity
1955 1 values

Line 165A Combined MY —.2t P REsH k¥ B 35 21 SOR

Ty Conmbined 20 A2 2y S 01 -2 -—.04 A6

SLC 17 mm Conbined 30 06 -4 (RS NN 10 —.15 .20

T8 Combined 50 02 54 37 ) i RE .20 g

[0 s Canbined 30 9 AU 17 Bia 6 Iit] - =80 4

1956 v values

U841 Normad HU 22 N2 pak 51 B 1 75% a7
High G 00 N 5] 1l g1 ER{N ST B A3t

Line 168 Nortrad 60 23 28 Kin 24 i s BERIEY 29
High 64 07 L iz 04 1o 14 i

s Normal 60 -0l i it s RN A7 pedls 17
Hivh 6 (I8 oy AT Y 0% A5 .21 17

15 subline Normal 60 3 FiE ERE 32 At 20 1= 32
tligh 60 -2 B A 54 I5 08 -.21 K1k

(OB R 1 Normad () REY -3 34 203 36 22 30+ ity
High 34} 20 A% 25 a7 2050 it - k22 - 21

(S8 Normal 0 08 B 25 A2 20 MY 02
Jiigh [y BRIt S 0] A7 21 -.16 RS

Ssigarficant ar 39 leved

2Significant at 177 level
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and purity, Most of these strong negative correlations are very
highly significant.  Na is correlated positively with K content
and 1 general with amino N, also with nitrate-nitvogen in the
petioles and with total nitrogen in the petioles.

Discussion

The most striking evidence from the three years’ work re-
ported 1s that cach inbred line of sugar beets may have its own
peculiar chemical and phystological characteristics. These pecu-
liay charactevistics are shown by the correlation velationships.
Two measurements correlated in one way for one inbred line
may be corrclated in quite another way with another inbred
(8) (Figures 1 and 2).

The strong negative correlation between Na content and
sucrose  percentage reported by Doxtator (17 was well confirmed.
In connection with this correlation it was interesting to note
that Na content was strongly affected by both varicty and nitro-
gen fertility level. In 1954 a late heavy application of nitrogen
{Table 2) more than doubled the Na content in the beer roots.
The effect of variety was equally striking. Varviety CT7 (Tables
3.4, 5. and 6) was extremely low in Na in the root. Nearly
Four times as much Na was taken up by certain other varieties.
Farly in the work, before the rvelationship between Na and
sugar percentage was as well understood as it is now, some con-
stderation was given to Na as a direct means of selection. Tt is
likely that selection of low Na individuals in a heterogeneous
heet population would result at the same time in higher sucrose
pereentage types. At first one gained the impression that all
the higher sogar lines were low Na lines. However. after three
vears of experience it became clear that no fast rules could be
foltowed. CT8 consistently produced a higher sugar percentage
than €717 but the Na content for (CT8 was nearly twice as great
as that lor 7 {Tables 3. 4, 5, and 6). It would: thercfore,
be very unwise to depend upon low Na as a true index of high-
SUCTOSE genotypes.

To a certain extent the picture is the same for some of the
other chemical analyses. Niuvate-nitrogen in the petioles, although
very strongly associated with the nitrogen level of the soil. was
also influenced by variety. Under similar environments less
than hall as much nitrate-nitrogen was found in the petioles of
17 as in some of the other varieties. The nitrate content in
the petioles of the high-suear line CT8 was nearly twice as high
as that tor CT7 (Tables 3, 4. and 6).

The exceptional characteristics of CT7 may lead to inter-
esting assumptions regarding underlyine phvsiolorical velation-
ships. The low nitratenitrogen but high total nitrogen in the



Table 10.—Correlations by Variety Obtained Between Na in Beet and Other Quantitative Characters.

Na in the Beet Correlated With:

Fertility No. Beet Percent Amino Sugar Percent Percent NOsN  Towal N
Variety Level Beets Weight Sucrose N K Content  Solids Purity Petiole  in Petiole

1955 r values

Line 165A Combined 30 10 —.78 —.05 A2 —.15 —.10 & vl 10
CT9 Combined 30 24 —.64% 08 .29 06 —.27 04 A8
SLC 117 mm Combined 30 33 —.69= Al 622 2] —.51* A4t AB2
CcT8 Combined 30 .02 —.46% —.18 a4 —.08 —.31 632 54
CT7 Combined 30 .04 —.25 —.12 06 —.08 —.02 .28 24
1956 r values

Us 41 Normal 60 10 —.76¢ —.09 25 —.21] —. 18 —.54 i

High 60 04 —.552 .19 .21 —.11 —.54 —. 30 .11
Line 163 Normal 60 .00 —.572 10 2N —. 16 —.33 —.582 .29

High 60 —.01 —.74 .20 6 —.32 —.722 —.572 .09
CT5 Normal 60 14 —.662 260 5% —.01 —.63 —.492 .28

High 60 .08 —.682 A2 .39z —.11 —.622 —.17 —.16
CT5 subline Normal 60 A7 —.62¢ St S .01 —.55*" —.49: 321

High 60 A3 —.60% 13 602 —.04 —.40° —.38= 54
CT8 Normal 60 —.06 —.422 18 g2 —.15 —.402 —. 532 .03

High 60 —.04 —.17 .00 .06 —.06 —.20 .00 A7
CT7 Normal 60 A8 —. 442 —.12 A7 10 —.41 —.17 422

High 60 .16 —.47% —.08 261 10 —.412 —.12 ATE

i Significant at 59 level
“ Significant at 19, level
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petioles of CT7, and high amino nitrogen in the roots indicate
that this line may be able to metabolize nitrate more rapidly
than the other varieties. These special characteristics of CT7
may be interpreted as a precaution also against too much gen-
eralization concerning correlation values, without considering
each variety separately. When one line behaves differently from
other lines in the association of chemical and physiological char-
acteristics correction values may be a distinguishing feature of
the line.

The variance ratios expressed as I values in Table 7 give
strong evidence that the varieties investigated reacted more or
less the same at both normal and high fertility. Coefficients of
variability (Table 8) were also relatively independent of fertility
level except for petiole nitrate.

The r values were not large for petiole nitrate-nitrogen cor-
related with amino N, Na, K. and purity: however, some of
these relatively low r values were statistically significant. Some
of the low values could be due to curvilinear relationships instead
of straight-line relationships (10). A curvilinear relationship may
be more applicable for petiole nitrate correlations with beet
weight, K in beet and sugar content, etc., where few significant
r values were obtained. Stronger r values might be obtained
if multiple or partial correlations were calculated.

The expense and time required for progeny tests make the
breeder very conscious of doing everything he can to make the
greatest gains possible in his initial selection work. Powers (4)
has illustrated this point and has developed statistical methods
which help separate genetic from environmental variability. With
more information on the association between chemical and
physiological characteristics, it may be possible that correlation
values could be arrived at which may help the breeder.

Petiole nitrate measurements would undoubtedly be more
valuable if one could make analyses at different specific times
during the growing season. The final date when the beet is
harvested and selected is perhaps the least desirable date for
taking the petiole samples. Petiole nitrate taken some time be-
fore harvest may give a much better index of available nitrogen
to each individual beet (10).

A comparison of harvest dates in 1955 illustrates a physio-
logical problem quite independent of variety. Table 5 shows
that the sugars from the late harvest were higher than from the
early harvest while the purities were lower. This is contrary to
what one may expect. This unexpected decrease in purity is not
accounted for by an increase in Na and K but may be partly
accounted for by an increase in Amino N.
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The present information shows that there are distinet differ-
ences between different lines in sodium, potassiom, and amino
nitrogen, as well as the other usually measured constitutents.
Percentage raflinose (11 has been shown to be a heritable char-
acter, High respiraton rate of beet root tissues is another un-
desirable character because of the greater storage loss from such
heets (6). Unpuablished studies have shown that respiration rate
is also a heritable character. Little information is available at
present on the individual effects of some of the other constituents
on processing quality, although impurities in processing laquors
have increased in recent years. More information is needed ve-
“garding the relative importance of these impuritics. Tt seems
quite certain that plant hreeding can result in considerable alter-
ation in these factors. However, an overall economic evaluation
must be made because breeding for a reduction in some im-
purities may reduce the acre yield of roots.

Summary

Inbred lines ol sugar beets were shown to have their own
peculiar chemical and physiological characteristics.  In general
there was o high negauve correlation between sucrose percentage
and Na content of the root but there were striking genotypic
differences. Inbred CT7 from voot analyses was relatively high
in sucrose, extremely low in Na, and high in amino N, In petiole
analyses CT7 was fow in nitrate-nitvogen but high m total N,
Inbred T8 was higher in sucrose than CT7 but contained
nearly twice as much Na in the root and nearly twice as much
nitrate-nitrogen in the petiole.  On the basis of the nitrogen
relationships some physiological explanations are attempted to
account for the genotypic differences.

Measurements of nitrate-nitrogen in the petioles, amino N
in the roots, and Na content in the roots were greatly influenced
by high nitrogen lertilization, but for these same measurements
varictal differences were just as striking. In Na content, a four-
or five-fold difference hetween low Na types and high Na rypes
was not uncommon. In general sucrose percentage was less vari-
able than some of the other measurements and was influenced
more by nitrogen ferulization than by variety, although there
were also very significant varietal differences.
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