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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 195fl. 
resulted in the development of some high-sug'ar, 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 
,"VeIl drained , highly producti ve Taylorsville loam (2)2 soils 

were chosen for selection and evalua tion work in 1954, 1955 and 
19Sfl. The fields were located a t Grang'er, Utah . A long-time 
("rop rotation plus regular applications of manure and phosphate 
fertilizer , maintained a yielding' capacity of sug'ar beets approach­
ine; and often exceeding- 30 tons per acre on th e experimental 
sites. In spite of this highly productive soil. petiole samples taken 
;"It an early harvest date in 1954 showed low nitrate-nitroQ'en con­
tent. One small-scale test employing: a late nitro~1"en fertilizer 
:J.pplic;"Ition W<lS made in 1954 (see Tahle 2). In 1955 <lnd 19Sfl 
Jihcrrd <lppli("ations of nitroQ.·en fertilizer were made over;) cho<en 
portion of the replicated plots of each field during the growing 
Sf';"Ison. 

The test in 1954 was devoted to <l collection of inbred line~ 
of Slwar heets for preliminary selection work. Some lines were 
0'1"Own only in single plots while others <lDPe<lred in <l serond 
replir;>tion . An earlv harvest , September 21. was milde of ap­
nroxirn ;'ltelv twentv individual heets from each of the inhred 
lines. Fifteen measurements were made or calculated on each 
hept in (';"h line . Petiole samples from fi.ve recently m<lturerl 
1('",,, <,, , Der heet (9) were t<lken at harvest. For the s111<l1l-scale 
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latl' II icatlOn, variety 
broad, sclf-rertile genetic was utilized, and 
were harvested and samples taken !\o, 

vember ') 
In 1955 fi\(: inbred Jines were selected for !lnther study of 

diH'erences from tIlt' standpoint of sucrose percentag;e, amino N 
and sodium content. These varieties ,,'cre planted in random­
ized blocks with 40 ft, at two levels or krttl ,normal and 
h , \\,ttll three lOllS at each kvcl. The h il 
le\'('l was obtained add t\\'O applicatiolls of anmlOntlllll 
nitrate at the app!'()xilll:tt rate or I~() pounds or nitrogell per 
acre Iy 20 an~1 again OIl '!.7, \ of 
ten roots was taken fr()m each plot Octoher :~ and another 
sample 011 i\'m'cJlllJer 4, Five additional individual heets, selected 
for uniformity or ;;i/e and shape, \\Tre taken from each 
'\()vember 4, Petiole samples were t;1kcll IrOIll each selected 
plant for 

In the 19h(j tes! (here were t\\'() n leH~ls with six 
three "1- n )\\' The 

appl or ammonium 
nitrate; pounds 

the rate 00 per acre on 
Jul 2fi, T\\() hundred per fertilizer were 

ied to all planting, consecutive beets 
were taken frolll the ro\\' with tile hest competitive stand in each 
4-row The hllH'st date. September ~4, \\'as chosen in 
order to obtain a h ' content in tile 

The lines tested resulted fWIlI the intensive 
selection work done in I Q;"v1, except for tbe cornmcrcial 
CS 4- I lIsed as check in 19;;6, The list or \'arieries as 
follows: 

(TS 41 In termed ia Ie commercial 
Line 163 I type 
Line 16B.\ sugar titan line 10:5 
SLC 11 '\ mOllogenn 
CT0 type with 
CT,) In tennediatc-slIgar 
CT') subJine Similar to CT~ but more uniform 
(:TH 
CT7 type 



tura] 
when' means, standard 

codIlcients were calculated 
anri coefficients of variability \\'(Te 

VOL. X. :\0 JtU 1959 

Lake ( l'tall. methocb also described (7 Amino N 1Il 

the heel, as glutamine, was determined un filtrate 
grams digesled ill 177 ml. and 0.7 
lead), Stanek-Pavlas method USJt1g the 

instrument. ]\'a and K in the 

of same fIltrate use d Lhe flame 


root sect 
each was determined 
mdhocl. Percent purity as is the of sucrose 
total soluble solids. oftell referred to as app;irent purity. 

or total soluhle s()lids was determined with a dipping­
refractometer. Percent sucrose was obtained by eli rect polar­

ization ol clear filtrate. 
:\11 information The cards 

Labora tory, 
Beltsville, 

correlation 
Variance 
hy hand 

means (if all measurements lor 19.14. and 1!l,56 
shown in Table 1. The data in Table for Lli c yea r 
are those the Innest 

Tahk l.-i\:arh 'lcans, .:-lH :\Ieasnf('J1lcot .. , with Varktit,s and Fertility Lf'vds Comhined. 

Results 
,\1eaSlIJcments 

21, 

Year 

Code l\feasuretnent 1'154 19.,5 1956 

1. lkt'l wdg'ht in r;ral\lS 1150 1180 1310 
Percent 5U(,fO:;(' 17.1 11.2 

,), ,"\mino ~ in beet .. , ~H100 :1700 71iOO 
1. 'ia in heet", p,p,ln, 275 270 

I 
30()O 26:10 3110 

2:'2 
]9.2 

<:-'0,) IOR4 
1O, Perren! purity x~L I 0 
IOi... Top ·weight, gr;)m~ \ j~l::H) 

11. :--"umbcr of leave", (h",cd 011 in.~igh! of :; le;l\ I".' 
12. Ratio of petiole to LOP \\d,~ht ,~d .7 

12A. Total " in pctiole, p.p.m, 1~,~(lO 

13. Lcn<:4"th of petiole, em. 2:2.7 
I·\. Span' (o~1c I to 9) 

:i, (mg) 

?\ilratc-nttrogcn in f).p.m. 

,"umber of (llldi\idua.1 beet') Jo')!) F,O 



------

528 JOU HN AL OF THE A S. S. H. T. 

on normal-fertility plots. The nitrate-nitrogen in the petioles 
was only 520 p.p.m. wlJich is considered rather low for an early 
harvest date. 

1'able 2.-Effcct of Heavy Late Application of Nitrogen on Sugar Beet Analyses, 1954. 

Petiole 
Root Analyses Analyses 

~ 

~ 0~ 
;-

.0'" ;:; .., §" E 
~ 

.S ;7;'v'" :=ti -i" " ~'" .:;:= z" === ~ <il'"' 
Lbs. Percent PPM PPM PPM Percent PPi\[ 

Heav)' N ilfug-cn : 20 3. 15 14 .98 5600 427 33 18 84.6 4539 

::\Ionna l 20 ~ .2 1 17.72 2300 197 2369 89.8 185 

1 Nitrogen applied August 27, 300 Ibs. per acre of ammonium sulphate , and September 
10, 300 Ibs. per acre of ammonium ni trat e , harvested No\"embcr 4-, 1954. 

Table 2 shows spectacul ar effects from a late, heavy application 
of nitrogen in 1954 with the beets harvested November 2. Th e 
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 of nitrogen resulted in high increases of am ino 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 grovvn at normal 
lertility also decreased in petiole nitrate from 520 p.p.m . on 
September 21 to 185 p .p.m. on N ovember 2. 

Table 3 gives the means of varieties for 1955 and 1956. In 
both years line CT7 proved to be different from other lines 
because of its low :'\a (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 fert ility level are easily seen. The lowest sucrose was 
obtained at the early harvest , October 3, with hig-h nitrog'en Fer­
tilization. The hi~hest sucrose was obtained at the late harvest, 
November 4 , with normal fertility. The striking- behavior of 
CT7 " 'ith low Na but high amino N content is again illustrated. 
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<Table 3.-Variety Means. 
r-

Root Analyses Petiole Analyses >< 

Variety 
No. 

Beets 
Beet 

Weight 

Grams 

Sucrose 

Percent 

Amino 
N 

PPM 

Na 

PPM 

K 

PPM 

Sugar 
Content 

Grams 

Solids 

Percent 

Purity 

Percent 

NO'J-N 

PPM 

Total 
N 

PPM 

Z 
? 
?' 
'-­
c 

1955 Test ~ 

Line 163A 

CT9 

SLC 11 7 mOl 

CT8 

CT7 

30 

30 

30 

30 

30 

1650 

1420 

1670 

1490 

11 5c1 

17.0 

16.7 

17.1 

18.0 

16.9 

2600 

3600 

3 100 

3000 

6200 

410 

310 

290 

220 

110 

3020 

2690 

24 80 

2530 

2450 

278 

238 

282 

266 

194 

18.9 

18.7 

19.1 

20.0 

19.3 

89.5 

89.:) 

89.7 

89.S 

87.2 

J 130 

740 

870 

1070 

520 

12300 

1:;:300 

12(iOO 

14700 

10000 

<.C 
v-' 
<.C 

"JEAN, all varieties 150 1480 17.1 3700 270 2630 252 19.2 89.1 870 I~HIJO 

LSD 5% point 250 0.72 1220 81 243 38 0.72 1.3 3 :-.:S \'1';0 

1956 Test 

IS 41 

Line 163 

CT5 

CT5 subline 

CT8 

CT7 

120 

120 

120 

120 

120 

120 

1390 

1580 

1280 

1250 

1270 

1080 

13. 1 

12.0 

14.7 

14.4 

158 

15.1 

7700 

10700 

6400 

6100 

5700 

9100 

480 

200 

250 

150 

200 

103 

3800 

3700 

2860 

2970 

2810 

2520 

18 1 

189 

186 

li9 

197 

16 1 

15.7 

14.7 

17.0 

16.6 

18.1 

17.6 

83.1 

81.4 

86.2 

86.7 

87.2 

85.7 

6075 

4949 

4185 

4170 

3218 

1934 

MEAN, all variet ie, 720 1310 14 .2 7600 230 3 110 182 16.b R~.O 4084 

LSD 5% point 210 0.80 1660 68 25 :~1 NS 0.80 1.91 1227 

U'< 
~ 
<.C 
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Table 1.-Effect of Fenility Level, 1955. <>c 

Root Anal yses Peliole Anal yses 
--------. 

Variety Fertility 
No. 

Beets 
Beet 

Weight Sucrose 
Amino 

N Na K 
Sugar 

Content Solids Purit y "n,·" 
TOlal 

N 

Grams Pe rcent PPM PPM PPM Grams Percent Percent I'P'[ PPM 

l\fcan (01­ variet), at each fcnilit y lcyel 

Line 163A Xonna l 

High 

15 

15 

1630 

1670 

17.9 

16.0 

2200 

3000 

280 

540 

2800 

~2~0 

29 1 

ZG5 

19.9 

18.0 

90.3 

88.8 

660 

1010 

11 400 

1:1100 

e r 9 !\:ormal 

High 

15 

J5 

1500 

1%0 

17.3 

16.2 

2900 

4200 

280 

340 

27 !O 

2680 

257 

218 

19.2 

18.3 

90.1 

88.5 

400 

1070 

12:100 

1'1 300 

SLC 117 mm Nor m ,, 1 

Hi g-h 
15 

15 

1820 

1',20 

17.6 

JG.6 

2500 

3700 

230 

:l40 

2380 

2570 

!l 13 

25 1 

19.3 

18.S 

90.8 

886 

490 

J240 

11 500 

1:\700 

CT8 

CT7 

l':o nnal 

High 

Noonal 

High 

Norma l 

l-Ti gh 

Difference 

15 

15 

15 

15 

75 

75 

1440 

1540 

1200 

1110 

1520 

1440 

- 80 

IS.4 

17.6 

17.2 

16.5 

17.7 

16.6 

- 0.9" 

2600 

3300 

5200 

7100 

3 100 

4300 

1200" 

160 2370 263 20. 3 

280 2690 268 19.7 

100 227.) 206 19.r; 

120 2630 183 19.2 

~'[eall fOl- aU , 'ariClics at each fe rtilit y Ic,-cl 

210 2500 266 19.6 

320 2760 237 18.8 

90" 260' - 29" - 0 .8" 

90 .5 

89.1 

88.4 

86. 1 

90.0 

88.2 

- 1. 8" 

390 

1750 

350 

690 

460 

1270 

810" 

13300 

16 100 

14800 

17100 

12700 

14900 

2200' 

'-­
0 
c 
;<l 
Z 
:>­
r 
0 

'" ..., 
:I: 
t'I 

>­
(/l 

2S ig nifi cant at 1% level 

Y' 

::0 
>-! 
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" C T 7' 

J VARIETIES' 
 C T 7· 

C T 6+,.. 
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" 
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N... PP '-> I N Bet' 

C T 7' 
LINE J6.3 AT 

C T 7· 
C T 9 + 

, . 

, 
N.... PPU IJ.J BEET 

Figure I.-Scatter diagrams comparing inbred CT7 (.) and three other 
inbred lines ( + ) in relation to percent sucrose and Na in the beet. Data 
are from lO-beet composite plot samples taken in 1955, 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 
lO-beet composite samples. See TabL-:: 5 for tabulation of data. 

The same 1955 data [or 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. 

Table 4 shows means for fertility levels ;md varieties for 1955. 
The mean nitrate-nitrog'en 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 averagecl ~622 p.p.m. and the 
high fertility 4545 p .p.m. The higher nitrate-nitrogen in , petioles 
in 1956 was due to the earlier c1ate of harvest , September 24, as 
compared with the late c1ate of harvest , :\iovember 4, in 1955. 
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CT7 
r = .17 Ozoo 

! 1200 

CT8 
r=·37 

i .~~. 

-
jHoo 

! 

1 20~~,O----;r.-"'--=---..=-__~ 

CT9 
r :;.,46 163 A 

~ 7200 
r=.60 

! !l200 

! 

AtfP· • 

,~~~~---;r.---"L........;,7..;:;-o-----;-=---­

HO,,-H IN PET. ..... 

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 be.ets from each plot. a total 
of 30 beets of each variety. 

Statistical InterjJretation 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 resu Its one should bear in mind that the 
varieties were selected princi pally 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 oh­
tained between varieties for all chemical constituents. 

In 1956 Crable 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 effect 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 froll1 lO·beel Composite Samples in 1955 wilh Three Replicated Plots 
al Each Fertilit)' Level. 

Variet), Weight Sucrose Purity Amino N Na K 

Lbs. Percent Percent PPM PPM PPM 

Oct. 3 harvest-High N 
Line 1(;:1:\ 29.2 13.6 87.5 3400 660 3850 
Cr9 28.9 11 .6 87.6 4600 410 3400 
eT8 20.1 16.0 88.9 4100 310 3240 
CT7 21.5 15.2 84.9 7400 150 2970 
.\.vg. 14.8 87.2 4875 384 336'> 

Ocr. 3 harvest-Normal fertility 

Line 163A 29.2 15. 3 90.3 2100 430 3500 
CT9 23.3 15.1 88.6 2500 380 3120 
CT8 18.0 18.1 92.8 1600 230 2610 
CT7 19.3 16.4 90.0 ')000 130 2850 
Avg. 16. 2 90.4 2800 292 3020 

Nov.4 han'cst-High N 

Line 163A 21.8 15.7 82.8 5300 4RO 3710 
CT9 22.8 16.2 85.9 '1400 :lKO 27!JO 
CTS 2U.5 IS.I 87.0 :1'>00 2',0 2540 
CT7 18.S 16.6 83 .9 7S00 120 2560 
Avg. 16 .G 84.9 52:)0 307 2900 

:\0\'. 4 harvest-Norm;,.) fertility 

Line 163A 25.7 17 .8 87.3 2500 3!)U 2860 
CT9 24.5 17.0 87.r, f. IOO 30U 2850 
CT8 20.7 IS.!I 87.4 1000 190 2300 
CT7 21.3 17. :; 84.H '>800 100 2300 
Avg. 17.K 868 332;; 235 25n 

In general 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 clistinct 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, clue to fertility level, was lower 
than the F value of 13.50, clue 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 w,/-s above 
the critical level (1000 p .p.m.) and so would not affect growth 
differentially (10). However, significant reductions in sucrose 
percentage clo occur at nitrate concentrations higher than the 
critical level affecting beet weight. 



---

~.["ble (i.-UINt Hr I'cnilit) Lnt'i, 1%6. :.x 

Rout \,nahsn; Pctio1<: 

\nalysc' 
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Crams Perccnt 1'1"1 PP'f I'P\f Grants l'cHcnl Pern'rtt 1']"1 

.l\{can for Yarit'!) each krtilit~ kvel 

L~II .~or!ll(d 60 HI ~a)20 1;)1 :)K~7 

Hi"h (iO 1100 I,U) ·110 ]~:.! ~~t 7 0277 

lil) 12. 210 191; 
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[8 .:\onn;d 10.3 100 ::iU ~OO ";0.6 
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lIig'h (;0 1060 11.7 1110 2600 17.0 22:) I 
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Table 7.-F Vahle.; froHl Varianrc Analys(~s. 

~U(:ro!\'c 

J.miuo 

" 

R"OI,~",\I)"es 

:i\a '" 
Calculated F 'alnes. j 9fl:) 

Sugar 
(·ontcnt Solids Purity 

Petiole Analyse, 

NOd" 
Total 

N 

X 

/. 

?) 

C' 

'''' ~ 

Fcr(iljt~ 

Varieties 

Varlelic..; Fcrrilit} ,t 

106 

6.U9' 

2:,,9G2 

1.12' 

lOA 2L()6 l J.H~" 

L1r, 

1;.60 19.1!1" 

UJI 

Calcolated F vailit'S, 1956 

:, 

Fcniliq 5 

lO 

I ~.I()" ;:-,.1}·F 

O~8 

0,11 

2.42 

1.\2 0.71 

ti.:"d 

12.1'>' 

0.72 

B"!)2:~ 

l:1.5()" 

0.91 

,I.\igni(icam at 5~ lc\el 


;: 'iignificlr'lt at ]<:{I lc\d 


:,;,( 
~~ 
;.,;.{ 
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The F value Cfable 7) measuring the interaction between 
\ ariety and fertility level, with the exception of beet weight in 
1956, shows no evidence of signifi.cance. No significant inter­
action with sucrose percentage is indicated . However, Table 4 
indicates that the sucrose percentage of the higher sugar lines 
CTS and CT7 may have been less affected by fertility 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 CTS, O.S; tor CT7, 0.7; for CT9, 1.1; for SLC 
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 S 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 of 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 deficiency level. Some individual plants 
were deficient while others were not. 

Conelations with Petiole lVitrate 
Table 9 shows r 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 correlations 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 significant. The corresponding correlations 
with some of the other varieties are highly significant in the 
positive direction. In 1956 (Table 9) the results with CT7, 
correlating nitrate-nitrogen in the petiol e with amino N in the 
root, show a statistically significant negative r value, whereas a 
positi ve r val ue 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 I ), solids, 



Variety 
?\o . 

Beets 
Beet 

Weight Sucrose 

Table 8.-Coe£ficicllls of Variabilityl. 

Root Analyses 

Amino Sugar 
N Na K Content Solids Purity 

Petiole Analyses 

Total 
N03·N N 

< 
0 
r 
t< 
Z 
? 

Line 163A 

CT9 

SLC 117 mOl 

CT8 

30 

30 

30 

30 

26.6 

21.0 

31.7 

25.5 

8.4 

6.0 

7.0 

5.0 

56. 1 

39.2 

31.9 

44 .3 

1955 

59.0 

23.5 

36 .6 

39.1 

15.8 

11.0 

17 .6 

15.4 

26.0 

20.9 

30.0 

22.9 

8.0 
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CT7 30 18.7 5.6 36.3 26.4 16.4 18.5 4.4 2.5 66.9 15.3 

Normal 75 29.8 5.5 2 1.1 46.:; 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.S 61.0 17 .1 27.8 (i.1 2.2;') 94.7 18.9 

1956 

US 41 120 37.2 13.5 4 1.-1 63.5 14.7 38.6 10.5 4.8 19.5 

Line 163 120 ,13.6 13.5 40 .9 45.5 13.9 35.3 11.6 5.7 9.0 

(;T5 120 30.4 7.5 31.1 38.4 18.2 29.8 6.6 3.4 21.3 

CT5 subline 120 3 1.9 9.1 30.6 40.0 16.3 3 1.2 7.S 4.3 28.7 

eTS 120 35.6 8.6 43.3 39.0 22.7 33.1 7.5 3.8 28.5 

cn 120 29.6 5.6 26 .5 33.0 13.7 28.4 6.1 2.8 73.5 

Normal 360 36.9 13. 1 54.7 88.4 22 ., 33.0 10.2 4.8 64.5 

High 360 31.3 12.8 32.7 64.6 21.3 33.3 10.5 4.8 47.1 

All plots com bined 720 355 13. 1 44.3 8 1. 2 22.5 33.5 10.8 4.9 56.1 

0' 
(.;01 Based on the stan dard deviation for numbers of beets shown. 
- 1 



Table 9.-Correlatit1ns) ll;> 'ariel}, Obtained n('t\\'(~(:n Nllra(e~~itrogen In Petioh: and Other Quantitalive Characters. 	 :.,.;.t 
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Xitrat,,·'" itrogen in Petiole Correlated ",ilh: 

Fertility :\ o. BtTf I~('rn:nt Alnino Pt:rCCfll Total:'\ in 

Vari(::l~ Le'id lki:ts \Vdght Sucrose X ~a K Content Solids P" iiI) Petiuk 
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.111 --.0'1 -.J .il' 

SLC Jl7 00 ..'\~ -.1 

CT~ Combined ~O .02 ·20 
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y. 	 Must of these strung In' corrclalion~ are \en 
i fica n t. :'\ a is ('OlTC I a ted with K content 

m general "'ith amino :\. also ill the 
ioles and \\'illl total in the 

Discussion 
The mmt the three work IT-

is that Ii ne of sugar heets may own 
physiological characteristics. 

characteristics arc shown bv I he correlation 
Two measurements correlated i~ ol1e way for one in bred 
may be correlated in another \\'ay with another inbred 
(H) ( 1 and 2). 

The negative correlation between '\a content and 
sucrose percentage by Doxtator (1) was "'e11 confirmed. 
Tn connection with correlation it was interesting to note 
that '\a content was affected both variety and nitro­
gen fertility level. In a late of 
Crahle 2) more than douhled the .'\a content in the beet roots, 
rhe effect of variely was equal striking'. (:T7 (Tahlrs 

;), ,1, }, and 6) was extremel in '\a in the root. .'\earl 
Four times as much ;\Ja was up certain other 

in the work, before the relationship between \ia and 
sul~'ar percentage was as well understood as ~t is no\\', 
sidcratioll ,\'as ' to '\ a as a direct means of 
likely that ection of low '\a individuals in a 
heet would re~ult at the saine time in hif~her sucrose 

,'\t Ill'st one gained the impression that all 
lilles 'were low '\a lines, However. after three 

it became clear that no last rules could be 
(;T8 consistently a higher su~'ar 

than (:T7 but the 'Ja cOlltent for (;TH was nearly 
as that for CT7 g. 4, :"i, and G). It wimld: therefore, 
be very llI1\\'1se to depend upon IOil" '\a as a true index or h 
SlI(TOSl' 

To a for some of the 
other chemical al 
very strongly or the soil. ,vas 
also influenced {TndC'l' sirnil;u E'l1vironments It'ss 
than half as much was found in the petioles of 
C'1'7 some of the other \'arit'ties. The nitrate content 111 

or the twice as h 
as CT7 (Tables 

The exceDtionaI characteristics inter­
asslImptiOllS rcgardimr relation­

ships, The 10\\ nitrare-n' in the 



Table IO.-Correlations by Variety Obtained Between Na in Seet and Other Quanlllati,·c ChaIa<tns. r..., ..... 
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Na in the Beet Correlated With: 

Variety 
Fertility 

Level 
No. 

Beets 
Beet 

Weight 
Percent 
Sucrose 

Amino 
N K 

Sugar 
Con lent 

Percent 
Solids 

Percent 
Purity 

N(hN 
Petiole 

Total N 
in Petiole 

J955 r values 

Line 163A Combined 30 . 10 -.78" -.05 .5·F -.1;; - .80" - .10 .37 ' .10 

CT9 Combined 30 .21 -.64' .08 .29 .06 - .66" -.27 .01 .18 

SLC 117 mm Combined 30 .33 - .69" .4 1' .62' .2 1 - .58" - .;;1' A4' .18" 

CT8 Combined 30 .02 -.46' -.18 .54' -.08 - .40' -. 31 .632 .54" 

CT7 Combined 30 .04 -.25 -.12 .06 -.0:; -. ~\ I -.02 .28 .24 

1956 r values 

US 41 Normal 60 . 10 - .76" -.09 .25 1 -.21 -.I S' _.;;9" .:>4:! 

High 60 .04 - .55" .1 9 .21 -. 11 -.54 :.! -.39" .11 

Line 163 Normal 

High 
60 

60 

.00 

-.01 

-.57!! 

_.74" 

.1 0 

.20 

.27' 

.36' 

-.16 

-.32' 

- .33' 
_ .7'1:2 

-.58" 

-572 
.29 

.09 

CT5 

CT5 subline 

Nannal 

High 

Normal 

60 

60 

60 

.14 

.08 

. 17 

- .66' 

-.68" 

-.62' 

.26' 

. 12 

.32 ' 

.452 

.39" 

.54" 

- .01 

-.11 

.01 

-.63" 

- .62" 

- .55" 

-.49' 

- .17 

-.49' 

.28 

-. 16 

.32' 

'-.. 
0 

'" z 
'" 

CT8 

CT7 

'Significant at 5% level 

2 Significant al 1 % level 

High 

Normal 

High 

Normal 

High 

60 

60 

60 

60 

60 

.13 

-.06 

-.04 

.18 

.16 

-.60" 

-.42" 
-.17 

-.442 

-.472 

. 13 

.18 

.00 

-.12 

-.08 

.602 

.32' 

.06 

.17 

.26' 

-.04 

-.15 

-.06 

.10 

.10 

-.40" 

- .402 

-.20 

-AI" 

- .412 

- .38" 

-.32' 

.00 

-. 17 

-.12 

.54 

.03 

.17 

.42" 

.47' 

0 
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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 preca ution also against too much gen­
eralization concerning correlation values, without considering 
each variety separately. 'tVhen one line behaves differently from 
other lines in the association of chemica l and physiological char­
acteristics correction values may be a distinguishing feature of 
the line. 

The variance ratios expressed as f values in Table 7 give 
strong evidence that the varieties investigate.d reacted more or 
less the same at both normal and high fertility . Coefficients of 
variability (Table 8) were also relative ly independent of fertility 
level except for petiole nitra te. 

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 multipl e or partial correlations were calculated. 

The expense and time required for prog-eny tests make the 
breeder very conscious of doing· everything; he can to make the 
g;reatest gains possible in his initial selection work. Powers (4) 
has illustrated this point and has devel oped statistical methods 
which help separate genet ic from environmental variability . With 
more information on the association between chemical and 
phys iological characteristics, it may be possible that correlation 
values could be arrived at which may help the breeder. 

Petiole nitrate measurements would undoubtedty 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- th e 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 hig·her than from the 
early harvest while the purities were lower. This is contnHY to 
what one may expect. This un expected decrease in purity is not 
accounted for by an increase in N a and K but may be partly 
accounted for by an increase in Amino N. 
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The information shows that there are distinct 
enees hetween dilh:rent lilies in sodium. and amino 

as well as the other usual measured c()llstitutents. 
raflinose (II) has heen shown to be a heritable char· 

respiration rate of heet root tissues is another un· 
, because of the 5101'ag-e loss from sHch 

studies have siIo\l'n that rate 
character. I,ittle inlonnation is available at 

on the individual effects of sorne of the other constituents 
on qual . although I 
ha\'e increased in recent' years. 

, garding the relati, e 
quite certain that plant ing call result 
ation in these factors. However. an overall economic cyaluation 
must be made hecause hreeding for a reduction in some im· 
purities may reduce tile acre of roots. 

Inbred lines o[ ~llgar beets were sllO,l'n to have their own 
chemical and physiological characteristics. In 

was a 111gh bel\n:ell sucrose 
and :\ia content the root hut there were 
differences. Inhred CT7 from root ana 
III sucrose, 
analyses CT7 III n 1\', 
Inbred CT8 \I'as higher contained 

as mllch :'\a III as much 
in the 

account for 

l\Jeasuremcnts of in the petioles, . :\ 
in the roots. and :'\ a content ll1 the roots were influenced 

high tertili/arion. but lor these saine measurements 
varietal \\'cre a~ strik In :'\a cument. a [our­
or five-fold difference between ]ow:'\a types and :'\a 
was not uncommon. In was less vari· 

was inJ1l1enced 
more nitrogen althoug-h there 
were also very varietal differences, 
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