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With the recent inevease o the use of nivogen ferulizer in
sugar beet producrion and the vesaltant decrease in processing
quality, interest has been avoused in the possibility of altering
the chemical composition of the sugar bect root by breeding
methods. Ta obtain information or this problem population
genetic studies at different Iovels ol soil fertiliny worve conducted,
T he resubts of studies carried ot iin 1936 for percentage sucrose,
weight of root, and Nope-N o the petioles were reported by
Powers, Robertson, Whuney, and Schmell (1330 he resolts
ol the study of total pivrogen is‘ the roots from this same oxperi-
ment were upmt(ci by Pavn(‘ Powers, and Mzw {43, 'T?w pur-
pose ol this paper is to report the vesults of the aualysis of data
obtained for the sodipun and porassivm contents of these same
roots, The obicctive ol the stady was to obtain information
on the genctic and hreeding hehavior of sodivm and potassivm
in sugar beet reoots grown 2t different soil-ferality levels,

Materials and 2Xehods

The experimental design vsed in this study is a split-split
plot svith 40 yeplications.  “ertilizer treatments are the main
plots, populations the sub plots, and locations within the single
row of coch population the sab-sub plots, "ihe fertilizer treat-
ments, populations, and locations ave deseribed i detail by
Powers, et al. (15

The fertilizer treatments are fertilization and pon-dertiliza-
tion. he fertilized plots veceived 100 pownds of N and 250
pounds ol 2.6, per acve on April 4. 1056, and an addidonal
130 pounds of N poer acve on june 26,

The experimental plant matevial consists of six populations:

A1 ABAST BB 50406, DR, 3!\3—4{}6: 7 hybrids and B2-307.
Abb-T Iv a commercial voricry,  AS4-1, B3 is a broad-base de-
vivative ol A54-1 produced by expmxm) 25 mother beets of
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Ab4-1 to pollen from 22 other populations. Population 50-406,
BB is a broad-base derivative of 50-406 produced in a similar
manner. Populations 50406 and 52-307 are inbred lines, while
the I, hybrid is the cross 50406 x 52-307. Populations Ab4-1,
BB; Ab4-1; and 50-406, BB are heterogeneous and heterozygous
and will be referred to as the heterogeneous populations. Popu-
lations h0-4086, I, hyhrid‘ and 52-307 will be referred to as the
homogenecous populations. (V’()mpm"isons bctwecn the hetero-
geneous and the homogeneous populations will be called com-
parisons between geneities.

Fach location within a row consisted of a single plant. Since
the rows were planted from north to south, the differences be-
tween locations represent any north-south gradient in the feld.

Each plot was bordered by a row ol Ad4-1. The rows were
spaced 22 inches apart and the p }lzmts were thinned to a spacing
of 20 inches within the row. After thinning there were 12 plants
in each plot. Data were taken on eight pldm,s per plot with the
end plants being discarded at the time of harvest.

Sodium and potassium concentrations of the beet juices were
determined with the Beckinan Model DU Spectrophotometer
and the flame atrachment. Lead acetare hltrate sarmoples were
analyzed without dilution or addition of an internal standard.
Sodium  and pomssium concentrations were determined from
the transmission at 389 and 768 p respectively, with the numerical
values in ppm being taken from a standard curve. These values
were then u)m&rte,d to percent on beets by the appropriate
calculations,

The standard curves were prepared by plotting the trans-
mission on varying kanown amounts of the element in question.
In addition to the sodium and potassium, other known impuri-
ties were Incorporated in the standard solutions as [ollows:
Ca, 50 ppm: Mg, 50 ppm; sucrose, 29, lead acetate solution,
6.25 ml/ 100 ml; K, 200 ppm (in Na standard); and Na, 50 ppm
(in K standard). Pumdlml y throughout the runs the operation
of the spectrophotometer was checked 1 v running a reference
standard of this composition {un,hmhng 200 ppm K and 50
ppm Na).

The data were recorded as percent on beets of sodium and
potassium. For ease ol handling, the data were changed to parts
per 100,000, Three observations are missing for each character.
The plot mean was used to replace cach missing observation and

the appropriate degrees of freedom were reduced to compensate
for the missing observations. Since the frequency distributions
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are not following the normal curve on an arithmetic scale, the
data were transformed to logarithms of parts per 100,000, The
transformed data were used in the statistical analyses.

Questions which are of interest in this study are whether
differences between main effects exist, whether there are inter-
actions between main effects, whether there are differences be-
tween mean variances, whether the residual variances are different
from zero, and il so, which are greater. If the residual variances
are different [rom zero the frequency distributions are of interest,

The analysis of variance is used to test the differences be-
tween main effects and interactions and to test differences between
mean variances. Chi-square is used to test differences between
frequency distributions.  Regression of variances on means is
used to estimate the environmental variances lor the sodium
data. For details of the statistical methods used see Powers
(6, 9); Powers, Locke and Garrett (10); Powers, et al. (13);
Powers, Robertson, and Clark (11); and Powers, Robertson, and
Remmenga (12). Where a difference is said to be signihcant,
the odds are at least 19:1 against the difference being due to
chance unless otherwise stated.

Results

The results will be discussed under three main headings;

means, variances, and {requency distributions.
Means

Analyses of variance

The mean squares and I values from the analyses of variance
are shown in Table I. Because differences between geneities
exist Jor some of the interactions involving populations, the
sum of squares for populations is broken down into geneities,
heterogeneous populations, and homogenecous populations. Sim-
tlarly the interactions involving populations except R x P x T
and the remainder are broken down into their component parts.
In Table 1, G represents geneities, e represents heterogeneous
populations, and Ho represents homogencous populations. The
error mean squares used in making the I tests are designated
by the small letters in columms 2, 6, and 7. The presence of
significant differences between main effects or interactions can
be determined by comparing the F values in columns 6 and 7
with the appropriate tabular T values in columns 8, 9, 10, and 11.

The F values for all main cffects except locations exceed
the one percent level for both characters. For sodium the F
value for locations exceeds the one percent level, but for potas-
stum no significant differences between locations were found.



Table l——Analyses of Variance for Logarithms of Parts por 100,000 of Sodium and Potassium.

Tabular F

Smaller Mean Square F Value® Sodium Potassinm
Source of Mean
Variation Square Sodiam Potassium D.F.2 Sodium Potassinm 5%, 19, 5%, 1%,
Replications 4.3596 0.0801 39 BG.05( G407 145 1.69 145 1.69
Populations 39578 1.0777 5 775t 2.26 311 2.26 B
Geneities 1.117¢ 2.1100 1 151.80F 110 735 3.89 6.76
Heterogeneous 5.1561 1.1381 2z S1.88F .11 4.88 3.04 1.7
Homogencaous 4.1741 0.5012 2 36,060 3t 1.88 3.04 1.7
Treatments 74,4505 11254 1 33.34e 410 7.55 4.10 7.35
Locations 0.0702 0.007% 7 1.20g 2.01 2.6 2.01 2.64
RxP a 0.0666 0.0118 195 L300 1.061 1.26 1.34 26 L34
R x G ] 0.06:18 0.0177 39 1.27¢ 1.27¢ 145 1.69 A% 1.69
R x He C 0.0866 0.0158 7 1.69f 1.14f 1.35 1.53 35 1.53
R x Ho d 0.0476 0.0123% 8 i { 1.55 1.33 1.55 153
Rx T e 0.4147 00211 39 8.101 1521 143 1.69 145 1.69
?xr 0.2365 01978 4] 1.62¢ 14.23¢ 2.96 3.11 2.26 a1
Gx T 6.0080 0.1170 1 £ 8.421 389 676 $.89 5676
He x T 04626 0.0141 2 0.04f Lo 3.04 11 5.01 4.51
Ho x T 0.1237 0.4220 2 2.42f 30,368 2.04 471 5.04 171
RxPx T { 00512 0.0159 195 1.82g 2.98g 17 1.25 117 1.25
Roemaingder o 3.0281 0.0061 BEROE

1. ¥ designates degree of frecdom,

2. Three degrees of frocdom are roemoved from the remaipder 1o account for three missing observations.
o

ate

The small letrers after the ¥ ovaloues Indicate the error mean square used in caloulating T
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The R x P interaction in the sodium data is significant at
the five percent level. When this interaction is broken down
into its component parts, the R x He interaction is significant
at the one percent level but neither the R x G nor the R x Ho
interaction is significant. None of the components of the R x P
interaction in the potassium data is significant.

The R x 1" interaction exceeds the one percent level for
sodium and the hve percent level for potassium.

The P x I interaction exceeds the one percent level for
both sodium and potassim. When this interaction is broken
down for sodium, the He x T component is significant at the
one percent level, bur neither of the other components is sig-
nificant. For potassium both the & x T and the Ho x T inter-
actions are significant at the one percent level, but the He x T
interaction is not signihcant.

The R x P x T interaction is significant at the 1 percent Jevel
tor both characters when tested against the pooled interactions
with locations.

Muain effects

The means for main effects are presented in Table 2. For
case of presentation and to have a basis for comparison with
the No,-N pettole analysis reported by Powers, et al. (13), the
replications are grouped into hve groups and means are reported
as group means. From Table 2 it can be scen that the first two
replication groups have approximately the same mean sodium

Table 2.—3lcans of Logarithms of Paris per 6,000 of Sodium and Poetassinm
for Replication Groups, Populations, and Treatments.

Main Effects Sodiam Porassiun

Replication groups

-8 1.1721 2.0308
9-16 118749 20015
17-24 1.2945 2.0088
25-32 1.5206 2.0419
3340 1.6745 2.0820
Populations
Abt-1 14482 2.0040
Anxd-1, BB 14309 20741
50-406, BB 12848 20130
50-406 1.5016 2.04140
Fr hivbrid 13150 19840
52-307 1.4469 20074
Treatments
Fertilized 15102 2.0541
Non-fertilized 1.2317 2.0198
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content, the third group is slightly but significantly higher while
increases in the last two groups are sharp, indicating a gradient
of increasing sodium content from north to south in the field.
There 15 a 5111(111 significant decrease in potassium content from
replication group I8 to group 17-24 and a marked increase in
the last two groups.

Examination of the population means reveals dominance
for low sodium with 50-406 and the 1Y, hybrid both significantly
lower than 52-307. Population 50-406, BB is not significantly
different from 50-406. The ¥, hybrid has a signihcantly lower
potassiumy  content than either 50-406 or 52-307 indicating
heterosis for low potassium. Population 30-406, BB is significantly
lower in potasstum than 50-406. This is another indication of
cither dominance or heterosis for low potassiun.

The means for the fertilized plots are higher than those for
the non-ertilized plots for both sodium and potassium.
Furst-arder imferactions

The means for the interaction ol replications x treatments
are shown in Table 3. The nature of this interaction can be
seen for the sodium data by examining the difference between
the f{ertilized and non-fertilived plots for rep lication groups 1-8
and 33-40. TFor group 1-8 the difference is 0.3628, while for group
53-40 1t is 0.2123. This interaction is of practical significance
because it indicates that the magnitude of the response to fer-
tilization, as measured by sodium content, depends on the
original fertility level of the soil. That a gradient did exist is
shown by Powers, et al. (13}

Tabhle 3.—Means of Logarithms of Parts per 100,000 of Sodium and Potassinm
for the Interaction of Replication Groups x Treatments.

Replication Group
Character and

Treatment 18 916 17-24 2552 35.40
Sodium
Non-fertilized 0.9910 1.0328 11792 1.3870 1.5688
Ferilized 1.353% 1.3430 14148 1.6541 1.7806
Potassium
Non-tertilized 2.00849 2.0034 1.9926 20374 20568
Fertilized 205327 2.0861 2.02449 2.0464 21071

The means for the interaction of replications x populations
are shown in Table 4. The interaction ol replications with
heterogeneous populations is the only significant component of
this interaction in the sodium data. This interaction vesults
primarily from the failure of Ab4-1, BB to increase gradually
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Table 4~-Means of Logarithms of Parts per 100,000 of Sodium and Potassium for the
Interaction of Replication Groups x Populations.

Population
Character and i —
Replication Group  AB4-1 AB4.1, BB 40-406, BB 50-106 ¥ hyhrid 52307
Sodium
1-8 1.2692 1.2859 1.0421 1.0823 1.0764 1.2663
9-16 1.2865 12108 11307 1.1254 1.1037 1.2706
17-24 13702 1.383%0 1.2090 1.2723% 1.2495 13622
25-52 1.5607 1.6087 1.4820 14549 1.4831 1.53890
33-40 17546 1.7104 16103 1.5731 1.G525 1.7460
Potassium
1-8 2.0004 20577 19923 20281 1.9933 20177
9-16 2.0517 20552 2.0068 2.0%24 1.9791 2.0024
17-24 2.0609 2.0867 1.9884 2.0099 1.9653 1.9915
25-32 21120 2.0863 L9967 20525 1.9835 2.020:4
33-40 21548 2.1348 240811 20469 2.0189 2.0053

in sodium content from the first veplication group to the last,
whereas the other heterogeneous populations do increase gradu-
ally.  In the potassium data none of the components of the in-
teraction of replications with populations is signilicant,

The means for the interaction of populations X reatments
arve shown in Table 5. The only part of the interaction of popu-
lations x treatments that is signtheant in the sodium data is the
interaction of heterogencous populations with treatments. This
interaction is apparently the result of the difference between
fertilized and non-ertilized plots being only 0.2257 for 50-406,
BB while 1t is 0.2864 and 0.3329 for Ad4-1 and Ab4-1, BB,
respectively.

In the potassium data the interaction of geneities x treat-
ments and of homogeneous populations x treatinents are both
significant at the one percent level. Ixamination "of Table 5

Table fMeans of Logarithms of Parts per 100,000 of Sodium and Porassium for the
Interaction of Populations x Treaunents,

Population
Character and _
Treatment Ab4-1 A34-1, BB 50406, BB A0-406 Fi hybrid 32-307
Sodiam
Non-fertilized 1.8050 1.2645 11720 1.1487 1.1788 1.5212
Fertilized 1.5014 1.34974 1.3957 1.45345 14478 1.5727
Potassium

Nou-fertilized 20767 2.0485 1.9580 2.007G 19770 2.0217
Fertilized 21112 2.0008 2.0381 20811 2.0011 1.9931
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reveals that  the interaction ol homogencous populations x
treatinents 1s caused by a significant increase in potasstum [rom
the nonertilized (o the fertilized plots in population 50-406
and a significant decrease [rom the non-fertilized to the fervilized
plots for H2- 307. The interaction ol geneities with treatments
is a result of the interaction of homogencous populations with
treatments since the increase in potassium from the non-fertilized
to the fertilized plots for 50-406 and the ¥, hybrid is partly
offset by the decrease of 52-307. The vet result is a mean differ-
ence of 0.0232 between fertility levels for the homogeneous
populations as compared with 0.0453 for the heterogeneous
populations, ‘
Sceond-orvder interaction

The means for the interaction of replication groups x popu-

lations X treatments are shown in Table 6. 'This interaction is

of interest in the sodium data because of the effect on dominance
relationships in the F, hybrid. For the first four replication
groups ol both the non-lertilized and fertilized plots the means
for 50-406 and the I, hybrid are not significantly different while
in group 53-40 thc ¥, mean is intermediate between those for
50-406 and 52-3 Thus depending upon the replication group
which is xtudled either no dominance or complete dominance
for low sodium is indicated.

The F, hybrid is significantly lower in potassium than cither
parent on replication group 25-32 1in the non-fertilized plots.
In 5 of the other 4 replication groups on the non-fertilized plots
the I, hybrid was slightly lower than the low parent but none
of thcsc differences was statistically significant. The low parent
on the non-ertilized plots is 50-406 for all veplication groups
except 33-40. In replication group 3340 on the non-fertilized
plots and in all replication groups on the fertilized [ ()t< 50-406
ts the high parent. On the fertilized plots the ¥, hybrid is not
significantly  different from the low parent in the first four
replication groups but is intermediate in group 33-40. Thus,
for potassium, the dominance relationship and the inbred which
is the low parent in the cross both vary with the lertilizer treat-
ment and the replication group.

Variances
Analyses of variance of wilhin-plot variances

The mean squares and I values from rhe analvses of variance
of the within-plot variances are shown in Table 7. The sums
of squares for populations and the interactions with populations
are broken down into their component parts because the differ-
ences between geneities are of interest. 'The T values for popu-



Table 6~NMeans of Logarithms of Parts per 100,000 of $odivm and Potassium for the Interacron of Replication Groups x Populations x Treatments,

Treatment and Replication Greup

Non-fertilized Fertilized
Character and -
Population 18 9-1G 17-24 25-32 33-40 1-8 916 17-24 25-32 33-10
Sodium
AB4] 1.0064 1.1126 1.2261 14450 1.6417 14420 11600 15112 1.6764 1.8675
A%4-1, BB 1.0560 1.0612 11944 1.4598 1.5708 1.5837 1.3604 14534 1.7675 1.8500
50-406, BB 0.8392 0.9971 11246 1.3242 1.5244 11950 1.2640 1.2933 1.5599 1.6962
B0-406 G.8706 0.9634 1.1286 13151 11652 1.2040 1.2871 14160 15944 1.6809
1) hiybrid 009106 0.9413 11371 1.5452 1.5600 1.2422 1.2661 1.3618 1.6210 1.7450
52-307 1.1229 1.1210 1.2614 1.1326 1.6478 1.4108 1.4202 1.4650 1.7253 1.8442
Potassium
AB4-1 2.0682 20446 20473 2.1066 2.1168 21126 2.0588 2.0743 21175 2.1927
At 1, BB 2.0285 2.0310 2.0519 20626 2.08936 2,091y 20704 3 2.1100 2.1760
50-106, BB 1.9647 1.9854 19630 1.9813 2.0154 2.0149 2.0232 2.0137 2.0120 20167
50-406 1.9759 1.9890 1.9606 2.0291 2.0803 2.0809 20758 2.0593 20759 21134
Ty hybrid 1.0847 1.9626 1.9472 1.9926 1.0979 2.0120 194957 1.9834 L9715 2.0309
52-307 2.0564 20076 2.0057 2.0521 2.0067 1.9489 1.9971 1.9772 1.9886 2.0040
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Table T.Analyses of Variance of Within-Plot Variances for Logarvithms of Paris per 100,000 of Sodium uand Potassivan,

Tabular F

Smaller

Mean Square ¥ Value? Sodium Potassium

Source of Mean —
Variation Square Sodium Potassinm DF2 Sodivm Potassium B 14 5% 1o,
Replications 0.00077611 0.000035%82 44 1.651 2161 A5 1.69 1.45 1.69
Populations 001720056 000031421 5 36.5%F 15.5%a 2.26 3.11 2.26 311

Genelties G.006630155 (.00144698 1 175.92¢ 53.53b 4.10 7.5 4.10 7.53

Heterogeneous 0.00869158 0.00002621 2 10.80h 1.21¢ 3.11 4.88 311 4,88

Homogencous 000111407 0.006003582 2 0.168 251d a1t 4.88 311 4.88
reatments 0.01489786 0.00000476 1 16.60¢ e .10 7.85 L0 7.85
RxP a 0.00088658 0.00002025 195 f 15408 1.26 1.39 1.96 1.39

RxG b 0.00040364 0.00002703 39 1.06g 1.75¢ 1.71 2.14 1.45 1.69

R x He c 000050104 0.00002160 78 h 1.38¢ 145 1.70 1.53 1.53

R x Ho d 0.00017560 000001552 78 i f 1.45 1.70 1.35 1.53
Bxr € 0.00089727 000002201 28 141 141E 1.45 1.69 1.45 163
Py 400079545 0.00003225 3 1.69¢ 2.06f 2.26 511 2.26 a.11

Gx T 0.00085178 000001413 1 2.24g f 410 7.55 389 6.76

Teex 'l 0.00065358 0.00001830 2 It 1.17f 31 4.88 .04 4.71

Hox T 0.00090766 0.00005587 2 5.0 5541 .11 $.88 3.04 4.71
RxPxT £ 0.00047040 0.00001 563 195

RxGxT @ 0.00088174 0.00001609 39

RxHex T h 000080442 £.00001568 78

RxHox T i 0.00018071 0.00001555 78

. DV, designates degree of freedom.

2. The letier after the F ovalue indicates the orror mean square used in calenlating ¥l
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lations are significant at the one percent level for hoth sodium
and potassium, F values for all three components of the popu-
latton sum of squares for sodium are significant at the one per-
cent level. The only signihcant component of the population
sum of squares for potassium is that for geneities. This indicates
that for potassium the only differences between population
variances arve due to the residual variance present in the hetero-
geneous populations.

Significant differences between treatments are found for
sodium but not for potassium. For replications the F value for
sodium exceeds the five percent level while that for potassium
exceeds the one percent level.

The R x P interaction for sodium 1s not significant, The
R x P interaction for potassium is significant at the five percent
level. A breakdown of this interaction reveals that the R x G
interaction is significant at the one percent level, the R x He
interaction is significant at the hAve percent level, while the
R x Ho interaction is not significant. The R x T interaction
for sodium is significant at the one percent level while that for
potassium is not significant.

While the P x T interaction is not sienificant for either
sodium or potassium, a breakdown of this sum of squares for
sodium reveals that the Ho x T intevaction is significant at the
one percent level. In the potassium data the Ho x T interaction
is significant at five percent level. Netther of the other com-
ponents of the P x T interaction is significant for either character.

The R x P x T interaction ts broken down into its compon-
ents because the R x He x T interaction in the sodium data
is significantly larger than either of the other components. There
is no significant difference between the components of the
R x P x T interaction in the potassium data.

Main effects

The mean within-plot obtained and residual variances for
populations are shown in Table 8. The ¥, hybrid variance was
subtracted from each of the other variances to obtain the residual
variances, The significance of the residual wvariances is tested
by using the F, hybrid variance as the lesser mean square and
each of the obtained variances as the dividend in the F rest. All
the residual variances from the sodium data are significant at
the one percent level. This result micht seem to indicate
genetic segregation within the inbred lines. If the inbred lines
are segregating the variance of the F, should also be increased.
Furthermore. no evidence of genetic segregation within the
inbred lines is found in the analysis of the frequency distributions.



108 Journan or e ALUS. S BT

Table 8~—Mcan Within-Plot Obtained and Residual Variances of Logarithms of Parts
per 100,008 of Sodium and Potassium for Populations,

Sodium Potassium

Population Obtained Residual Obeained Residuat
Add-1 0043171 0.030230 0.008509 0.001220
ABA-L BB 0048346 0.055434 0.008079 0.003990
50-406, BB 0023270 0.015358 0.007223 0.003134
50-400 0,020338 0.007426 0.005165 0001076
I+ hiybrid 0012982 0.00:4089

52-507 0.015972 4.003060 0.003958" 0000151

Srarved () obtained varfauces huve 358 degrees of {(reedom: all others have 560, Tabulay
¥ ofor comparvison between vavisnces is LI6 ac the fve pereent level and 1.24 a1 the onc
pereent level,

Of the residual variances obtained {rom the potassium data,
those from the heterogencous populations ave all significant at
the one percent level, that from H0-406 barely exceeds the one
percent Jevel, while that from 52-307 is not significantly differ-
ent from zero.

First-order nlevactions

The mean within-plot obtained and residual variances for
the imteraction of populations x trearments are shown in Table
9. The F values for testing the significance of the vesidual vari-
ances are all significant at the one percent level tor the hetero-
geneous populations. For sodiwn  the vesidnal variances for
50-406 are significant at the one percent level, but the residual
variance for 52-307 is significant only on the non-fertilized
plots. Tor potassium the residual variances for 50-406 are not
different from zero. The obtained variance for 52-307 on the
fevtifized plots is significantly less than that for the F, hybrid.
The residual variance for 52-807 on the non-fertilized plots is
not considered since it was found that the Irequency distribu-
tion for this population-treatment combination follows a normal
curve on the arithmetic rather than the logarithmic scale.

Other comparisons of interest in Table 9 are Ad4-1 versus
AB1-1. BB and 50-406 versus 50-406, BB. On the fertilized plots
the mean within-plot variances for Ab4-1 and Ab4-1, BB ave not
significantly different for either character. On the nonfertilized
plots the F value for comparing Ab4-1 and AB4--1. BB exceeds
the five percent point for sodium while for potassium the vari-
ance for Ad4-1 is shightly higher, although not significantly so,
than that for A54-1, BB, The F values {or comparison of 50-406,
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Table —Mcan Within-Plot and Residoal Variances of Logarithms of Pars per 100,000
of Sodiam and Potassium lor the Interaction of Populations and Treatments,

Sodium Potassium

Treatment and 00 et e e
Population Obtained Residual Obtained Residual
Fertilization

AS4-1 0.033719 0.008035 0.008598

ALl-1, BB 0.051197 0.008518 4.004106

30-106, BB a.019292 0.007815 0.003408

AD-104 0.000827 1.005631 0.001194

¥ Flybrid 0.004437
AP-307 0016575 -D.001190 0.002909° D0 1528

Ne fertilization

Ab4-1 0.054858 0.026798 0.008582 0.004841
A34-1, BB 0.04472G 01,036669 0.007615 0.003871
30-406, BR 0019484 9.011:422 0.006600 0.002859
50106 0.013035" 0.005023% 0.004760 0.0000954
Fo Hybrid 0008080 0.003741

52-307 (0.015369 0.007509 0.004064 0.001227

Starred variances have 270 degrees of Dreedom: all others have 280 degrees of Drecdom,
Tabular T for comparbon beiween varianees s 126 ar the 59 Jevel and 139 at the 19
Tevel.

BB with 50-406 on the fertilized plots approach the one per-
cent Jevel for both sodium and potassium, while on the non-
fertilized plots the I values for comparisons between these
populations are significant at the one percent level.

Since the vesidual variances for the heterogencous populations
are significantly ditferent Irom zero, the frequency distributions
were studied to determine the relative merits of the various
population-treatment combinations as sources for selection of
individuals high and low in sodiom and/or potassiug.

Frequency Distributions

Since the analysis of frequency distributions by the methods
outlined by Powers, Robertson, and Clark {11}, Powers. Robert
son, and Remmenga (12), and Powers, et al., (15 depends upon
the cnvironmental variability being normally distributed, chi-
square was used to test the fit of the [requency distributions
obtained from the homogeneous populations to a normal curve.
For sodium none ol the homogeneous populations were dis-
tributed normally. When the data are transformed to logarithms.
both the homogeneous and heterogeneous populations give satis-
factory fits to a normal curve. Therefore, the transiormed data
were used in the statistical analyses.
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For the potassium data only population 52-307 fits a normal
curve satisfactortly when the original data arve tested. When
the data are transformed to logarithms, only populations 52-307
and 50-406 on the non-fertilized plots give significant chi-square
values, For population 52-307 on the fertilized plots the test
of whether the data are following the normal curve on the
arithmetic or logarithmic scale is not discriminatory since neither
chi-square value is significant. The P value for it of the trans
formed data to the normal curve is 0.70-0.50, while that for fit
of the untransfornmed data to the normal curve is 0.20-0.10.
Similar results were reported by Powers (8). Staristical analyses
of the potassium data were done on the wansforhed data, In
the analysis of the individual frequency distributions, 52-307
on the non-fertilized plots was omitted since the data are fol-
lowing the normal curve on the arithmetic scale rather than on
the logarithmic scale.

In order to estimate the environmental frequency distribu-
tions for the heterogeneous populations it is necessary to knosw
whether the means and variances ol the homogeneous populations
are associated. Since there is no significant association between
the mean within-plot variances and the means, for either sodiom
or potassium, the I, hybrid variance was used in the preceding
section to test for the existence of residual variances. The vart
ances to be used in analysing the frequency distributions are
the tetal within-population and treatment variances. Thus it
is necessary to examine the association of these variances with
the corresponding means. The means and total within-popula-
tion and treatment variances for the transformed data from the
homogeneous populations are shown in Table 10. Regression
of the means on the variances in the sodium data accounts for
85.21 percent of the variation among the variances. The m
value of —0.0749 is different from zero with odds greater than
9G:1 as measured by the t test. Thus even though there is no
stonificant association between the means and the mean within-
plot variances, there is a significant association between the
means and the total within-population and treatment variances,
Because of this relationship, the regression of the means on the
variances is used to predict the environmental vaviances follow-
ing the methods outlined by Powers, Robertson, and Remmenga
(123, The only difference between the total within-plot vari-
ances and the total within-population and treatment variances
is the addition of the appropriate among-replications variance to
each within-plot variance. Hence, the difference between the
reeression of the means on the mean within-plot variances and

the reeression of the means on the total within-population and
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Table 10—Mecans and Teotal Within Population and Treaument Variances {or Logarithms
of Parts per 100,006 of Sodium and Potassium for the Interaction of Homogeneous
Populations and Treaiments.

Sodium Potassium

Treatrment and
Population Mcan Variance Mean Variance

Fertilizved

50-408 0.060823 2.0811 0.006412

Iy Hybrid 0.065401 2.0011 0.006138

52-307 0.055824° 1.9931 0.003655 "
Non-fertilized

B50-408 [.1487 0079529 o 2.0070 0.007627

Fr Hybrid 1.178% 0092001 1.9770 0.004547

52-307 1.5212 0.073846 2.0217 0.006275

Sravred () variances have 318 degrees of frecdom; ail others have 319

treatment variances must be caused by differences in the among-
replications  variances for the different population-treatment
combinations.

The question avises as to the justification for using this type
of association in predicting the environmental variances for the
heterogencous populations, since the occurrence of a negative
association between means and variances is seldom reported.
The criteria of a high percentage of the variability accounted
for by regression and a significant m value already have been
shown to hold for the means and variances of the homogeneous
populations. Examination of the replication group means and
variances in the heterogeneous populations reveals a negative
environmental relationship between these means and variances
m that part of the distribution in which the mean falls. Thus
the use of a negative regression to predict environmental vari-
ances is justified. .

Examination of the regression of means on total within-
population and treatment variances for the potassium data
reveals that only 20.06 percent of the variation among the vari-
ances is accounted for by regression and that the m value is not
significantly different from zero. Therefore the ¥, hvbrid vari-
ance is used as an estimate for the environmental variance.

The logarithmic means, ohtained and calculated frequency
distributions, and the numbers and proportions of individuals
genetically low and high in sodium and potassium are shown
in Tables 11-14. Fxamination of these tables reveals that the
heterogeneous populations each fall into three distinct classes
as regards the relationship of the obtained and calculated fre-



Table 11.—Obtained and

Calculated Freguency Distributions’, Means of Data Transformed to Logarithms, and Numbers and Proportions of lodividuals
Genetically High and Low in Sodium, Fegtilized Plots,

Upper Class Limits in Parts per 100,000 Taotal
Genetically
Population & [ ET) L6 23—
Distribution Mean 10 20 30 46 50 60 70 8¢ 90 100 130 120 130 140 130 160 170 180 190 180 Low High
Ab4-1 15914
Obtained 7 43 59 47 34 34 a2 17 10 9 8 2 i 3 2 1 55 91
Caleulated 2 32 67 66 31 357 23 15 10 6 4 3 2 1 1 11 34 67
Difference 5 16 g 2 3 4 e -1 2 1 -1 1 21 24
Proportion 071 0 0.28 042 033 .30 0.62 0.67 0.50 100 038 026
Abd-1, BB 13974
Obtained g 35 40 48 43 29 24 20 11 9 10 4 7 5 2 2 61 70
Calculated 2 30 65 66 32 36 25 15 10 & 4 3 2 1 1 1 32 44
Difference 7 25 5 1 3 [ 1 5 4 1 -1 2 32 26
Proportion 0.78 0. 0.25 008 0.33 0060 0.25 071 0.80 050 Lo 050 057
50-106. BB 1.3977
Obtained 53 a3 73 44 2n 13} 1t & 7 7 3 1 33 39
Caleulated 21 ¢ 8t B3 20 17 | 6 5 3 2 1 1 1 21 23
DBifference 12 I 3 4 3 4 -1 12 16
Proportion 3.36 0.09 0,38 037 071 0380 2.36 041
B0-406 1.4545
Ohtained 10 Vil a0 54 28 2 10 i3 [ 1 [ 2
Caleulated 12 78 84 58 36 21 13 7 5 3 2 3
¥ Hybrid 1.4472
Obtained 1t 95 82 40 357 21 18 5 4 q 1 2 2 1
Caleulated 12 78 85 538 561 20 2 7 4 3 2 1 1 1
52-507 1.5727
Obtained 3 38 74 74143 18 21 ¢ 10 5 7 3 2 H
Caleulared 2 37 0 67]49 34 22 11 9 1] 3 2 2 1 2

T The cateutared frequency
from the variances found

distributions were obtained by using the means of the transformed dawa. the standard errors of a single determination computed
in Table 10, and Pearson’s (%) tables of the normal probability integral,

&l
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Table 12.—Obtained and Calculated Frequency Distributions!, Means of Data Transformed to Logarithms, and Numbers and Proportions of Individuals

Genetically High and Low in Sodium, Non-Fertilized Plots.

Population &
Distribution

Ab4-1
Obtained
Calculated
Difference
Proportion

Ab54-1, BB
Obtained
Calculated
Dilference
Proportion

50-406, BB
Obtained
Calculated
Difference
Proportion

50-106
Obrained
Calculated

Fi Hybrid
Obtained
Calculated

52-307
Obtained
Calculated

Mean

1.3050

1.2645

1.1720

1.1487

1.1788

1.3212

0t

10

90
84

14
38

20

118
126

126

121

151
130

125

113

19
23

42

12
11

0.08

9
10

14
11

26

60

10

r

Gt =y

13

70

wa

b s

i

o w oYy

Upper Class Limits in Parts per 100,000 Total
—— Genetically
Over
80 90 100 110 120 130 140 140 Low High
4 5 2 2 1 2 5 175 28
3 2 1 1 159 13
1 3 1 1 1 2 3 16 ib
83 025 0.60 050 0.50 1.00 1.00  1.00 0.09 0.54
i 6 2 1 3 1 72 38
3 1 1 1 55 19
3 5 -1 1 1 3 I 17 19
17  0.50 0.83 0.50 1.00 1.00  1.00 0.24 0.50
2 : 3 4 1 101 27
1 1 89 21
1 -1 4 1 12 ]
0.50 .00 1.00 1.00 0.12 0.22
3 1
1 1 1
2 2 I 5
1 1 1
2 it 2 2 2
3 2 1 1 1 1

29

12

6

! The calculated frequency distributions were obtained by using the means of the transformed data, the standard errors of a single determination computed

from the variances found in Table 10, and Pearson’s (5) tables of the normal probability integral.
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‘Table 13.~Obtained and Calculated Frequency Distributions’, Means of Data Transformed to Logarizhums, and Numbers and Proportions of Individuals

Genetically High and Low in Potassium, Fertilized Plots,

Upper Class Limits in Parts per 104,600

Total
Genetically

Population & 0o e
Diswibution  Mean 60 90 100 116 120 130 140 150 160 180 230 240 Low High
Abd-1 21112
Obtained 5 14 29 42 47 31 31 32 22 22 2 2 90 51
Caleulated 1 & 18 55 49 5% 58 39 28 10 1 60 20
Diflerence 4 3 G 7 12 1 2 30 31
Proportion 0. 0.5 0.33 017 0.55 0.5 1.00 0.83  0.61
Ab4-1, BB 2.0998
Obtained 20 28 52 10 85 22 26 25 19 1 3 i 109 88
Calculated 8 28 40 34 56 18 36 3 8 1 73 55
Difference 12 5 12 11 3 1 36 35
Proportion 0.60 018 023 0.0 0.58 1.00 0.53 040
50-406, BB 20381
Obrained g 7 37 32 07 81 17|17 13 8 1 66 33
Caleutated 2 32 ot 65 59 4b 26} 14 7 i 46 26
Diflercnce 3 5 3 3 6 4 1 20 27
Proportion 1.00 0. 0. 0. 0. (.88 100 0.30  0.51
50-406 20811
Obtained 1 t 30 61 89 41 43 2 16 7
Caleulared 13 31 30 GO B% 43 20 18 3
¥ Hyvbrid 2.6011
Ohtained 2 &0 66 T4 47 1166 2
Calowlated 54 71 64 47 27114 6 3
£2-507 1.9931
Obtained 72 87 79 421103 2
Calculated 59 73 65 4212t Ot 5 2

1 The environmental standard crror used in

obtaining the calculated frequency distributions was .0783,

FIT
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Table 14.—Obtained and Calculated Frequency Distributions’, Means of Data Transformed te Logarithms, and Numbers and Proportions of Individuals
Genetically High and Low in Potassium, Non-Fertilized Plots.

Population &

Upper Class Limits in Parts per 100,000

gto

Over

Total
Genetically

Low ngll

Diswribution Mean 60 70 &0 40 100 110 120 130 148 158 166 170 180 190 200 210 220 230 240 24D
Ab4-1 20767
Obtained 4 i3 Fe) 28 5% 37 32 23 27 21 17 10 5 2 H 1 1 10 85
Calculated 1 9 300 36 69 62 45 26 13 é 2 1 16 4%
Difference ] 12 11 1 8 11 8 4 2 i 1 1 30 87
Proportion 1L.00 092  0.61 004 038 065 080 080 L0 1.60 .00 1.00 075 0.44
Adt-1, BB 2.0485
Obtained 1 1 12 29 50 71 46 38 23 i1 15 7 & 2 2 i 1 46 33
Calculared ¢4 21 50 71 71 50 30 14 6 2 1 25 9
Difference 1 4 8 8 9 5 4 2 2 1 1 21 24
Proportion 1.00 1.0 0.67 0.28 0.60 071 .80 LOO 100 L.O0 1.00 048 073
BO-40G, Bl 1.9880
Obtained k] 16 36 58 77 052 %4 19| 10 5 6 1 2 H 55 25
Caleulated 5 28 G6 84 68 40 19 7 2 1 45 10
Difference 3 11 8 3 3 5 1 2 1 22 15
Proportion .00 0.69  0.22 050 060 083 100 Loo 100 040 060
50400 20070
Ohrained 1 29 61 77059 35 20 9 il 3 5 2 2 1
Caleulated K] 17 50 78 73 52 28 12 4 1
Fi Hybeid LO7v0
Obtained 2 4 33 82 93 57 31 6 3 I
Caleulared 7 35 T4 85 6+ 83 | 14 3 2
52807 2.0217
Obhtained 5 2 11 34 49 92 o1 35 21 G 1

TPhe eovironmental standard error wsed in obtaining
2Xo calevlated frequency distribution is prosented for 52-307 because

the calculated

frequency distributions was 0.06874.
the wransformed data do not follow a normal distribution.

TI0A
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quency distributions.  Powers, Robertson, and Clark, (11}
designated as identifiable-genetically superior or inferior those
individuals which fell into the classes ol the obiained frequency
for which no ndividuals were expected. In classes at the ends
of the frequency distributions for which more individuals were
()bmincl than expected, the number in excess of those expected

as called the number of gencric deviates. A similar terminology
is meluvci in this paper except that the terms gencrically }110 1
and genctically low in sodium or potassium are usul instead <>{
g(ncmall) superior and inferior, because there is no unaninity
ol opinion among authorities as to the level of sodium or potas-
sium which should be considered superior or inferior,

The significance of differences between the obtained and
calculated um(l( nsed Irequency distributions was tested by the
methods described by Powers, Robertson, and Clark (11). The
divisions used in condensing the [requency distributions are
indicated by the vertical lines in Tables 11-14.  Chi-square
and P values obtamed from this test are shown in Table 15, For
sodium, only 52-307, fertilized, ol the homogeneous populutions
has a chisquare which exceeds the five percent level and this
value lies between the hive and two percent points.  These
resules are lurther evidence that the significant residual variances
obtained for the inbreds are not caused by genetic segregation.

Table 15.~—Chi-Square and P Valnes for Fit of Obaained Condensed Frequency Distvibutions
to Expected Envirenmental Fregueney Distributions.

Fertilized Non-Fertilized
Character und S I S
Popmilation < In Square P Chi-Square P
Sadiwm
AG1-1 14,7532 0.01 -0.001 4.8806 a4 0001
Adt-1, BB 24108 0.001-{-inf. 114510 001 -0.001
50406, BB 5.2918 .02 .01 25134 0.50 -0.30
50406 0490 -4L80 1.2082 0.95 090
I hybrid 9.90 -0.80 4. 1580 020 0010
32-307 6. wi’g‘) 0.05 -0.02 11024 .70 -0.50
Potassium
Abd-1 28,4158 G001 -[-inf, RENEEH 0.001-1-inf.
31.6066 0.001-1-inf. 23 “W Q.001-1-ind.
;{) 1(}6 BB §7.7100 0.001-1-inl. L4 AT60 G.001-1-inf.
1-106 0.4700 090 -0.80 3 .00} - t-inf.
kw hybrid 01667 0.95 0.9 (} ‘!‘}"H 0770 0.50
52-507% 136308 00011 -infl.

D Uhese are goodness-of-lit chissquates: the vest are homogencity chi-squares,
2 a2-807, nonctertilived  was not included Beciouse the transformed data were not following
a normzal cunie.
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All the heterogencous populations except 50-406, BB on the
non-fertilized  plots show  significant  differences  between the
obtained and calculated frequency distributions il odds of 49:1
arve accepted as significant,

All the chissquare values [rom the heterogencous populations
for potassivm arve significant with odds greater than 999:1. Of
the homogencous populations, only 50-406, non-ferulized, and
52-307, fertilized have significant chi-square values. Significant
chissquare values would be cxpected [rom these population-
treatment combinations since the obtained variance for 52-307,
fertifized is significantly less than that of the F, hybrid, and since
50-400, non-ferulized, while fitting a normal curve betrer on the
logarithmic than on the arithmetic scale, still deviates from
expected with odds between 99:1 and 999:1.

Study of Tables 11 and 12 reveals that for sodium there are
no identifiable genetically low individuals in any of the hetero-
gencous populations. On the fertilized plots (Table 11y there
is onc identifiable genettcally high individual in population
Ad4-1, two in AS4-1, BB, and none i 50-406, BB, On the non-
ferulized plots (Table 12) there are six identifhable genetically
high individuals in Ad4-1, five in AS4-1, BB, and eight in 50406,
BB. Thus a significant number of identifinble genetically high
mdividuals was found in 50406, BB even t}muoh the chi-square
test ol the condensed hc;uen(,y distributions {ailed to reveal
any difference between the obtained and caleulated [requency
distributdions,

Tests of whether the nunibers of genetic deviates are signifi-
cantly different from zero were made by the method oudmcd
by Powcm, Robertson, and Clark (113, On the lertilized pl(ns
the number ol high and low genctic deviates in populations
Ad4-1 and Ad4-1, BB are different from zero with odds greater
than 99:1. For 50-406, BB, the number of high genetic deviates
is significant with odds greater than 99:1, while the number of
low genetic deviates 1s swmh(am with odds ol 60:1. On the
non-fertilizved plots the numbers of high genetic deviates in
populations Ad4-1 and Abd4-1, BB are different from zevo with
odds greater than 99:1. Only Ab4-1, BB has a significant num-
ber of low genectic deviates on the non-ertilized plots. Popula-
tion 50-406, BB has no significant number of genetic deviates
in either the high or low class on the non-fertilized plots.

The breeding behavior of the heterogeneous populations
for potassium is almost identical on the two fertility levels. On
the fertilized plots (Table 13) two identifiable genetically low
individuals were found 1 Ad4-1; three i A543, BB; and three
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in 50-406, BB. On the non-ertilized plots (Table 14) four
identifiable genetically low individuals were found in Ab4-1;
five in Ab4-1, BB; and three in 50406, BB. Five identifiable
genetically high individuals were found in Ab4-1; four in Ab4-1,
BB: and six in 50-406, BB on the fertilized plots, while on the
non-fertilized plots five were found in A)4 1: six in Ab4-1, BB;
and four in 50-406, BB, The numbers of high and low genetic
deviates in each population on both fertility Tevels are diffevent
from zero with odds greater than 99:1.

Joint }“}‘equ'ncy distyibulions

The joint frequency distributions for sodium and potassium
are of interest in determining the possibility of altering sodium
and potassium content s;mulmmousl,. The four (.Lm,es, low
sodium-low potassium, low sodium-high potassium, high sodium-
low potassium, and high sodium-high potassium, are of interest.
The lour classes are obtained by using the same breaking points
as those used in the individual hcquen(y dmtmbutums shown
in Tables 11-14. The question being asked is: within the classes
in which there are genetic deviates for one character, are there
genetic deviates for both chavacters? To determine this, the
obmlmd joint frequency distributions are compared with the
joint c:nvuumngnta] frequency  distributions expected on  the
basis of independence. The obtained joint frequency distribu-
tion [or Ad4-1 on the fertilized plots is shown in Table 16. Study
of Tables 11 and 13 reveals that the breaking points are between
110 and 120 for low potassium and between 170 and 180 for
high potassium,

For sodium the breaking points arve between 20 and 30 and
between 60 and 70. The solid black hines in Table 16 delineate
the classes formed by using these bleakmg points. To obtain
the number ol individuals e\pcued in each of the four classes,

the peu,(,nt, age of the total cxpe(md in the low and | ugl Classes
expected in thc low and hwh (lisses for pomssmm are used The
numbem of individuals prutcd for potassium are listed in

Tables 13 and 14 under the columns total geneucally low and
high opposite the row heading calculated. The product of the
number expected for potassium and percentage expected for
sodium gives the number of individuals expected in a particular
class ol the joint frequency distribution,

The obmined and calculated mumbers and the number and
proportion ol joint genetic deviates in each ol the four classes
of Interest are shm\n in Table 18. The number of individuals
obtained in the low sodium-low potassium class for Ab4-1 on



Table 16.—Joint Frequency Distvibution of Sodium and Potassium for A%4-1, Fertilized Plotsl.

Sodium upper class limits in pavts per 100,000

10 20 a0 40 30 60 T 80 90 100 110 126 130 140 150 150 & over Total

Over

200 g T 4
o |2 1 i 2
g | 2w i i 1 1 4
g | 200 ) 2 1 T T 1 9
& | 190 1 3 1 2 1 1 1 10
£ | 180 1 1 8 4 2 4 2 1 1 1 1 1 22
Sl T 1 5 2 2 T 2 1 16
f 160 1 3 4 5 3 9 2 1 1 22
ERRED 6 5 6 3 9 G 1 1 2 32
”: 140 2 8 4 6 g 5 2 18 31
£ | 1s0 5 8 b 5 3 2 2 2 1 51
g | 5 n 12 8 3 3 6 2 4
E o 10 7 5 4 3 o 1 42
ERRL) 5 7 1 1 3 27
R 4 4 1 1 1 14
£ | s 1 L 1 1 5

70 1 1 2

Total 59 47 84 54 g2 17 1w ¢ 8 8 1 8 2 1 320

0961 A10{ Z "ON ‘IX "I9A

1 Solid lines delineate classes formed by break points used in analysis of Individual frequency distributions,

611
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Table I7~Percent of Individuals Expected in Classes Having Genetic Deviates
for Sodium Data.

Class
Treatment and i
Population Low High
Fervilized
Abd-1 10.38 20.90
As4-1, BB 9.85 14.01
50-406, BB G.35 7.49
Non-fertilized
Al 49.60 4.18
Add-1. BB 17.11 5.94
50-406, BB 27.76 694 -

the fertilized plots is 25, This number is obtained by adding the
numbers in the lower left hand corner of Table 16, The other
obtained mumbers for Ab4-1 are the total of the number of
individuals in the appropriate corner of Table 16. The caleul-
ated number, six, is computed by multiplying 10.38 (sce Table
173, the percent expected on the basis of the environmental
frequency diseribution for sodium, by 60, the number expected
on the basis ol the environmental distribution for potassium
{see Table 14). The other calculated numbers are obtained in a
similar manner. The number of individuals opposite the row
heading difference in Table 18 are the number ol joint geuetic
deviates for each class,

Examination of Table 18 reveals that for the high-high
class the proportion of joint genetic deviates wmcs from 0.83
to 0.91. Tests of mumhmme oi the number of joint genetic
deviates by the met thod of Powers, Robertson, and Clark (I
show that all the numbers of high-high genetic deviates are
different from zero with odds of at least 99:1. Thus the choice
of a ferulity level and a population in which to select for indi-
viduals high in both characters depends on the number of
individuals falling in the high-high class. The fertilized plots
have from two to Tour times as many individuals in the high-
high (Lm as do the non-fertlized plots. Within the fertilized
}iotx Ab54-1, BB has the largest number of individuals in this
class. Thus Ab4-1, BB should be the most {ruitful source of
individuals high in both sodium and potassium. For the low-
Jow class the numbers of o‘eneric deviates ave different [vom zero
with odds of (tt least 99:1 for all population-treatment combina-
tions except b0-406, BB on the fertilized plots. For 50-406, BB
the odds are 35:1 that the number of low-low genetic deviates
is different from zero. On the flertilized plots Ad4-1 and Ad4-1,
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Table 18.~Obtained! and Calculated Numbers and Numbers and Proportions of Genetic
Deviates for Certain Classes of the Joint Frequency Distributions for Sedium and Potassium.

Class
Treatment, - -
Population, and Low Na Low Na High Na High Na
Distvibution Low K High K Low K High K
Fertilized
Ab4-1
Obtained 25 0 12 31
Calculated 6 2 13 4
Difference 19 27
Proportion 0.76 0.87
A54-1, BB
Obtained 28 9 9 47
Calculated 7 5 10 7
Difference 21 4 40
Proportion 0.75 0.44 0.85
50-406, BB
Obtained 8 2 5 21
Calculated K] 2 3 2
Ditference 5 P 19
Proportion 0.62 0.40 0.90
Non-fertilized
AR4-1
Obtained 26 26 2 12
Calculated 5 24 0 2
Difference 21 2 g 10
Proportion 0.81 0.08 1.00 0.83
Abd-1, BB
Obtained 12 2 2 11
Calcutated 4 2 1 1
Difference 8 1 10
Proportion 0.67 0.50 0.91
50-406, BB
Obtained 20 2 2 10
Calculated 9 3 2 I
Difference 11 " 9
Proportion 0.55 0.90

L The obtained and calcalated numbers are those obtained and calculated on the
basis of the population of 320 individuals,

BB have the largest numbers and proportions of joint genetic
deviates in the low-low class, while on the nondertilized plots
Ab4-1 has the largest number and proportion of low-Jow genetic
deviates. Examination ()f Tables 11-14 reveals that the individuals
in population 50-406, BB fall into lower classes of the frequency
distributions than do those of cither Ab4-1 or Ab4-1, BB, Thus il

the plant breeder wanted extremel 'y low sodivm and pommum he

probably would want to work within population 50-406, BB.



122 Journarn oF tHE A. §. 5. B. T.

In the low sodium-high potasstum class only Ab4-1, BB
the fertilized plots and A34-1 on the non-fertilized plots have
joint genetic deviates. In neither case are the numbers of deviates
signiﬁz‘zmtl' different [rom zero. For the high sodium-low
potassium class, joint genetic deviates are found in 50- 406, BB
on the ferrilized plots and in populations Ab4-1 and Ab4-1, BB
on the non-fertilized plots. For Ab4-1 the odds are 21:1 that
the number of deviates is different from zero. Only two high
sodium-low potassium individuals are found in Ad4-1 on the
non-fertilized plots, but these individuals are identifiable as
genetically high in sodium and low in potassiim since none
were expected. Thus it may be possible to select for high sodium
and low potassium simultaneously aithough it will be more
difficult than selecting in either the high- hxgh or the low-low
classes.

Information on whether the individuals in the classes studied
are there because of an environmental 1'elati(>n57i[) or because
of genetic reasons can be obtained by applying the chi-square
test described by Powers {/\ to the joint hcquem} distributions
of the homogeneou» populations. The only difference in the
application of this test to the sodium and potassium data and
the application made by Powers (7) is that in this case five
classes, low sodium-low potassium, low sodium-high poms‘;mm‘
high sodium-low potassium, high sodium-high potassium, and
the remainder of the joint Frequency distribution are used
mstead of the two classes described by Powers (7). The classes
with few individuals are combined so that at least five individuals
are expected in each. The expected values are computed by
using the mean and standard error of the transformed data for
both sodium and potassium except for 52-307 on the nonfertilized
plots. Since the potassium data from this population-treatment
combination are following the normal curve on the arithmetic
scale rather than on the logarithmic scale, the mean and standard
ervor of the untransformed data are used to obtain the number
expected in each class for potassium. The mean and standard
error of rhe transformed data arve used to obtain the percent
expected for sodium. The chissquare and P values from this
test are shown in Table 19. None of the chi-square values for
either 52-307 or the F, hybrid exceeds the five percent level
For 50-406 the chisquare values are sienificant at the 0.001
probability level on baoth fertility levels. Since more individuals
are obtained in the low-low and high-high classes than are ex-
pected. the relationship indicated by the sienificant chisquare
values is positive. Since no evidence of eenetic searegation was
found for either character in the analysis of the individual fre-
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quency distributions for 50-406, this result in the joint frec quency
distribution indicates an interaction of genotype and environ-
ment such that some genotypes show a positive environmental
relationship between the two characters while other genotypes
show no such relationship.

Table 18-ChiSquare and P Values lor Fi of Obtained Joint Frequency Distributions
to Those Expected on the Basis of Independence of Sodium and Potassinmn for
Five Classes of Interest in FHomogenous Populations.

Fertilized Non-Fertilized
Population Chi-Squaret r Chi-Square? P
50-406 0.001-1-inf, 53.0221 0.001-1-inl.
Iy hyvbrid 0.20 -0.10 G.2631 0.10 -0.05
52-307 4.9464 0.30 -0.20 8.8503 0.10 -0.03

I Degvees of {reedom for chissquare are 4 in every omse,

Discussion

Although Rorabaugh and Norman (14) reported that their
tests of solubility of sucrose in salt solutons indicated that
sodium, in combination with carbonate, chloride, and sulfate
ions, was more harmful than potassium, the effect of the presence
of sodium and/or potassium ions on the processing quality of
sugar beets has not been determined. Neither has the exact
role of sodium and potassium in plant metabolism been deter-
mined. Finkner and Bauserman (3), in a study of breeding be-
havior, concluded that sodium, per se, had little effect on sucrose
content and that the negative relationship between sucrose and
sodium could be easily broken. They stated that sodium content
was of little value in the breeding program unless it is extremely
important from the processing standpoint.  Wood™ (15), and
Wood, et al,, (16) in a review of breeding work which has been
done for chemical characters, reported significant decreases in
sodinm content as a result of selection. He stated that the value of
reduction in sodium from the pmcessing' standpoint was not
known. With respect to potassium he mpor(ed that differences be-
tween [0 varieties of sugar beets, while they might be statistically
significant were too small to be of practical value. Doxtator and
Calton (2), studying sodium and potassium contents of three vari-
eties in two areas, found significant differences hetween varvieties
and areas but no szgmﬁ(,am interaction of varieties and areas.
They reported differences between beets within varieties for both
sodium and potassium. Doxtator and Bauserman (1) in limited
breeding trials concluded that changing sodium content was
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possible by simple breeding methods but that changing potassium
content would be more diflicult,

Study of the homogeneous populations indicates that low
sodium content is dominant. This is true on both the fertilized
and the nonfertilized plots. This resule indicates that by using
inbred lines in a breeding program it should be relatively casy
to obtain a low-sodium hybrid. The potassium picture is more
complicated since the cross studied shows dominance lor low
potassim on the high ferdlity level and heterosis for low potas-
stum on the low fertility level. Furthermore the low parent on
the high fertility level s the high parent on the low fertility
level. The behavior of the F, hyvbrid might be explained by
assuming that the ability to produce low potassinm on the fer-
tilized plots, found in 52-307. i1s dominant. while the ability to
store less potassium on  the non-fertitized plots than on the
fertilized plots, found in 50-406, is also dominant. If such is
the case, the F, hybrid should show beterosis for Jow potassium
on the non-fertilized plots and it does,

The next aspect of breeding behavior to be examined is that
of the variability in populations Ad4-1 and 50-406 after exposure
to pollen from 22 other sources to form broad-base populations.
Fxposure of Ab4-1 to 22 other kinds ol pollen had little effect
on its variability in sodium and potassium contents, while
exposure of 50406 to 22 other kinds of pollen significantly
increased 1ts variability. This can be explained by assuming
that Ab4-1 is hetevorygous and heterogencous enough 1o encom-
pass the range of sodium and potassium contents found in the
22 other populations while assuming that the variability in
50-406, an mbred line, is limited to that due to environmental
causes and that the increased variability ol 50-406, BB is caused
by increased genetic variabiliry, .

The analysis of (requency distributions provides most of the
mformation concerning the potential breeding value of the
heterogeneous populations. Study of the within plot variances
shows that there is residual variance in the heterogeneous popu-
lations, The analysis of the frequency distributions reveals that
selection for low sodinm content can bhe more readily accom-
plished on the fertilized plots while selection for high sodium
can be more readily accomplished on the non-fertilized plots.
Comparisons ol populations within  treatments veveals that
sclection for low sodium should be more successlul in population
AbB4-1 since this population contains both a larger number and
a larger proportion of genetic deviates than either of the other
populations. Populations A54-1 and AB54-1, BB are superior to
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50-406, BB lor sclection of genctically highsodinm individuals
since the genetic deviates Tall into higher classes ol the frequency
distributions and since the numbers and proportions of genetic
deviates ave higher than i 50-406. BB.

Analysis of the frequency distributions for the potassium data
reveals that the breeding behavior of the hetevogencous popula-
rions is essentially the same on both soil-fevulity levels. Selection
for tow potassium should be most effective in population 50-406,
B while selection for high potassinm should he most effective
in AS4-1.

Study of the joint frequency distributions for sodium and
potassium indicates that 1t should be relatively casy 1o select
mndividuals cencucally high in both sodinm and potassium or
oenetically Tow in both sodium and potassinm. Sclection of in-
dividuals ecenetically hich in sodium and low in potassium or
Jow in sodiom and high in potassium would be more difficnl.
Thus a positive relation between sodium and  potassium  is
indicared. A positive correlation between sodium and potassinm
was reported by Doxtator and Culton (2. It should be ramem-
bered In interpreting the vesults of the analysis of the joint
frequency distributions that the joint envirommental frequency
distributions were calculated on the basis of independence of
environmental effecrs for sodium and potassium. It was found
for 52-307 and the F. hybrid that this assumption 1s correct, but
that there is a positive envivonmental relationship between
sodinn and potassium in population 50-406. Thus the joint
eenctic deviates may be in the class in which they fall because
of linkage, pleiotropy, or an interaction of genotype and en-
vironment.

From a practical suoar beet-breedine standpoint, the relation
berween sodium and potassium in the beet mav not he as im-
portant as the rvelation herween these characters and sucrose
content, weight of root, and nitrogven content of the root. These
characters have been studied and reporred on (4. 13, but their
interrelation with sodium and potassium have not yet been fully
evaluated.

Summary

1. Swudies of the variahility and breedine behavior of sodium
and potassinm contents i the sugar heet raot were made for six
poputasions at two different tevels of soil fertidity,

2. It was found that low sodium was dominant {or both
ferttlity Tevels, but that low noetassium was dominant on the
fertilized plots while heterosis for Tow pamassium was exhibited
on the non-fertifized plots,
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An interaction of populations and treatments such that
the high-potassium parent on the fertilized plots was the low
parent on the non-fertilized plots was found.

4. Analysis of the within-plot variances showed that all the
heterogeneous populations contained significant residual vari-
ances and that it should be possible to alter their sodium and/or
potassium content.

A significant negative relation between the means and the
total within-population and treaument variances was found in
the sodium data.

6. Analysis of the frequency distributions revealed that the
sodium  data were following a logarithmic rather than an
arithmetic scale. The potassium data except [or 32-307 on the
non-fertilized plots were also following a logarithmic scale. The
data from 52-307, non-fertilized. were following an arithmetic
scale more closely than a logartthmic.  Both the sodium and the
potassium data were transformed to logarithms for statistical
analyses.

Analysis of the individual frequency distributions revealed
that it should be possible to select individuals genetically high
or low in sodium content. Selection for low sodium could be
done more easily on the fertilized plots, while selection for high
sodium could be more readily accomplished on the non-fertil lized
plots.

8. Selection for high or low pota%sium could be accomplished
with equal facility at either soil fertil ity level. Study of the dif-
ferences between populations revealed that 50-406, BB would
be the most desivable popuhrl(m fromi which to select for low
potassium and that A54-1 would be the most desirable [or selec-
tion for high potassium.

9. Analysis of the joint frequency distributions revealed that
it would be possille to select readily for individuals high or low
in both sedium and potassium but that it would be much more
difficult to select for individuals high in sodium and low in
potassium or high in potassium and low in sodium.

10. Analysis of the joint frequency distributions of the
homogeneous populations vevealed no environmental relation
berween sodium and potassium for 52307 and the ¥, hvbrid
but a sienificant environmental rvelation hetween sodium and
potassium was found for 50-406.
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