
Population Genetic Studies on the Total Nitrogen 
in Sugar Beets (Beta Vulgaris L.) 1, ; 

MERLE G. PAYNE2 , L E R oy POWERS", AND GRACE "V. MAAG2 

R eceived for j)tlhliClltion July), 1959 

The increased use of nitrogen fertilizers in the production 
a t sugar beets has emphasized the importance of chemical genetic 
studies involving the amollnt at nitrogen in the "thin juice" 
obtained during th e processing of the sugar beet in th e manu­
facture of sugar. Population genetic studies were conducted 
on the milligrams at nitrogen per 100 millil~ters of thin juice 
equated to a refractive dry substance of 10. The analyses were 
made on the thin juice derived from the root of the sugar beet 
(Beta vulgaris L.). 

Material, Experimental Design, Methods, and Analyses 
Materials 

The populations are A54-1 , A54-1BB, 50-406, 50-4061313, F , 
hybrid, and 52-307. A54-1 is a commercial variety and A54-1BB 
resulted from seed harvested from 25 mother beets of A54-1. 
The 25 mother beets giving rise to population A54-1 BB were 
grown in an isolated seed plot along with 25 mother beets for 
each of 22 other populations. This isolation plot was composed 
of 25 rows. One mother beet from each population occurred 
at random in each row, making a total of 23 mother beets per 
row. Seed was harvested from all mother beets on an individual 
plant basis. Seed from each mother beet of A54-1 was bulked 
and thoroughly mixed to produce the seed lot from which 
A54-1 BB was grown. Seed saved from mother beets of 50-406 
and handled in a similar manner produced the population 
designated as 50-406BB. Populations 50-406 and 52-307 are 
inbreds and the F, hybrid p :)pulation resulted fr~m crossing 
them. The inbred 50-406 has green hypocotyls and 52-307 has 
red hypocotyls. The seed used to produce the F, hybrid plants 
was harvested from mother beets of 50-406, and the plots of the 
F, hybrid population were thinned to red-hypocotyl plants. 

There were two treatments, fertilized and non-fertilized. The 
fertili zed plots received a surface application of 100 pounds of 
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N (nitrogen) and 250 pounds of p"O" (phosphorus pentoxide) 
per acre on April 4, 1956. The fertilizer was cultivated under 
with a rototiller. Tile plots were planted on April 10 and ll. 
On June 26, another 100 pounds of N per acre was drilled in 
tile center of each space between rows of the fertilized plots. 

Experimental Design 
The sources of variation and number of items are shown in 

Table 1. There are 40 replicati ons. Treatments are a split plot 
of replications; the two treatments are randomized within each 
replication. Th e six populations are randomized within each 
treatment and the eight locat ions are within each' plot of each 
population. Each locat ion within a plot is com posed of a single 
plant. The plots were single rows running from north to south. 
Hence, any differences clue to locations represent a gradient 
running [rum north tv suuth . Locations are a split plot of popu­
lations and the design is a split-split plot. 

Table l.-Sources of Variatiun Designated as i\'lain Effects, a nd Number of Each. 

Main Effects 'Number 

Repl ic::u ions 40 

PopUlations 6 

Treatments 2 

Locations 8 

Every plut was burdered by a row of A54-1. After thinning, 
each plot had 12 plants and the stand remained excellent during 
the growing season. Data were taken on only eight plants, the 
extra plants at each end of the plot being discarded at time of 
harvest. The rows were spaced 22 inches apart and the plants 
were thinned to a spacing of 20 inches within the row. Selection 
was avoided during thinning by saving the plant farthest_ south 
Il1 a "blocked group." 

Methuds 
[he total nitrogen was determined on thm juice from in­

dividual oeet roots. fhe method used was a mudifi ed micro­
K jeldahl nessler ization (2)'; 

i\ f icro-KJeLdahl rligl~stion 

Frozen juice was thawed imd lhoroug'hly mixed . To a pyrex 
glass digestion tube, marked at 35 and 50 ml, were added 0.5 ml 
of thin juice, 1.0 ml of oxidizing solution" and four o;lass beads. 

" N umbers in pare ll lheses refer lO lilera lure cited. 
1.1 Oxidizing agent. Di ssolve JO g of sodium mol ybdale in 150 ml of distilled waler. And 

slowly 150 1111 of co ncentra ted sulf uri c acid. Coot , and add 200 1111 of perchloric acid (70 ­
72% ). Then mix wel l. For (tetail s of this method see Bolin , King, and Kloste rman (I). 
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This may stand over night it a large number at samples are 
being run. It is digested from 20-30 minutes on medium or 
lo,,"v heat." S 

Nesslerization 
The nesslerization process followed the modified technique's 

of G. \IV. Plaut (Enzyme Institute, University of Wisconsin, un­
published data). Nessler's reagent was prepared according to 
K.och and McMeekin (2). 

The digestion tube was cooled and 15 ml or distilled water 
were added. To this tube were added 1 ml of 2(10 gum ghatti 
and 8 ml of Nessler's solution . The Nessler's solution was blown 
direc tly into the middle of the tube. The mixture was made 
up to 50 ml with distilled water and rotated for mixing. 

iVlaximum color is reached after about 10 minutes. The 
optical density of the solution was read at a wave length at 490 
millimicrons in a Beckman Model B spectrophotometer. Stand­
ard solutions were prepared using ammonium sulfate in the 
concentration range of 10-500 micrograms per ml. The mi cro­
grams of nitrogen per ml were plotted as the ordinate and the 
optical density as the abscissa. The slope of the straight line 
was used as a factor with the optical density reading of th e 
sample to determine total nitrogen. The total nitrogen was re­
ported as milligrams of nilrogen per 100 ml or thin juice 
with an RDS (refractive dry substance) of 10. For example: 

10 RDS 
13.14 (RDS of sample) X 42.00 (mg of nitrogen per 100 mi 

or sample) = 32.00 mg of nitrogen per 100 ml of thin juice 
with an RDS of 10. 

Analyses 
The methods used in al)alyzing the data are those given by 

Powers (3, 4, 5) and Powers et al. (6, 7, 8, 9); for details of tbe 
calculations, the reader is referred to these articles. Primarily 
the analyses were made by employing [he analysis of Yariance , 
the partitioning and components of variance methods of genetic 
analysis, and regression . 

Results 
The results are disclIssed under the general headings: means. 

variances, and Frequency distributions. The means and variances 
are divided further into main effects and interactions. Compari­
sons made in the discussion of the data involve significant differ­

.. No exp~t.:sjo ns h;l\ C re:s u!tccl with this type of: heal. 
S A stud y was made of the possible e rror introduced by the prese n ce of in o rg'anic nitro­

gen in the samp!es . It was conduded that th e di ~estion !") rocess !1icks u!) sOme inorganic 
nitrogen in samples of low total nitrogen but in samples of high tOlal nitrogen the inorganic 
nitrogen had liLtl e effect. 
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('nec!; UJlless othenl'ise stated. For sake o[ clarity in emphasizing 
tile hiologkal deductions. tests of irill not be 
J11 th is anlCle mill uf per I DO mill jliters 
juice to a refractive substance of 10 will be termed 
total 

Table :!.-.\naiysj;,- 01 \':'lriann.' 1'01 To{~) ~itrogen, Data CmH"t-"rt("d (0 Logarithms. 

F Valm· for 
Source o( Smaller Dcgn:'<.'s of 

Variation \1, S. :\f~an Square Fn>(>dom f Vahl!' 


Repllr:.ttioll:, L:.c)'17h ;'.:!'i 


Population.., 9.u!l:l!la 90 2.2/) 


T rca tlHCll ts 129.2·1141> ()70,(i~) 


LOf<I!~ ion,.; O.O:I:ltic 


RXP Om·Hid LOll 

RXT h O.J927d 2.71 

PXT O.99.SJd ILl8 

R PXI d O.OiOk L J.2.1 

Remainder <: 00215 

1 Degrees of freedom flJr n~lliaind('l' 1 (:tiun::d th(~ num bel' of plant;.; fo} which there 
were no data; \'alucs replaced by :\\'f'l'age corresponding' plot 

Means 
vartance 

The analysis or variance lor total IS gIven III Table 
? 'file smaller mean used the F values 

by the letters 2 and the letters fol~ 
mean square values in columll ;), The data ll1~ 

were converted to logarithms. However, since 
is primarily interested in the data on the 

rather than the logarithmic the 
are gi,cn. For these data the i and COI1' 

elusiolls are the saille whether Uw data are ex the 
or arithmetic scale. These fans arc pointed 

cause those more interested ill statistical procedure 
to use the ie ,,>cale IhlOUghout to 
dlHi draw conclusions. The data II'CH' convened to 

because the data Oil the l(Jgarithmic scale followed tile normal 
probabil I but did not do so on the arithmetIC scale. 

\Vllether there arc signific1t1t 
alld whether 
t Cl'llli ned m column ,) with those in 

IGI­

I 
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populations, and treatments. [he first order 
of replications X treatments, and populations X treatments are 
sig'nific:anL The second order of X 

X treatments is 

Tahle 5L-:\J('ans for Total Nitrogt:n for Populations, Tn'atments, and Populations X 
Treatlncnts. 

Trcattncnt 

.lfaill 

The means 01 the IlIa 1Il effects are listed Hl fable:L Ihe 
F \alues Jor populalions ~tI1c1 treatments with their 

F values at the 1 and levels 01 
reveal that there are between 

populations and between the "-0 treatments. There arc three 
levels of total n [or pDpulations. lations A54-1 and 
.\t14-IBB compose h level, 50-40/1 50-40fiRB the in­
termediate level. and the F, and ;,)~-307 the-low le\'eL 
[he data for the F, and 52-~)()7 furni~h evidence 

as to dominance relations in this The averag'c \';!Iues for 
these three arc and 14.R, in:)),. 
Clearly in cross produced the 1\\'0 inbrcds 
(:")O-40() and on an average, lower total in the 
thin juice is nearly if not completely This deduction 
is supported to some extent the values of 21), I and 22,0 for 
populations .:10-40fiBB and and to a lesser cxtent 

the "alues of 32.M and :W.M for populat 1 and A:')4-J Bn. 

If thc data from A:>4-1 and '\''i4-IBB support the 
dorninance then on an avcrage the slra ins. 
and inbreds acted as male to the A54-1 BE 
populaticll1 higher in total nitrogen than did ,\54-1. 

Population Fertilized 

\5,1-1 
Fd,I1lB 

jlHOfmn 
50-lOG 

\\ cragc 

F· 
52-307 

<\\'C'f<t(!;C 

(,rand average 

mg 

Hi,R 
11.$ 

15.R 

31 

12.\ 

21 
18.6 

20.0 

7 

N o,,-FcrIB ized 

mQ 

18,H 
15.9 

17.8 

IV; 

I Ul 


13.6 

9.8 
ILl 

10.1 

14.0 

Aycrage 

rng 

32.S 
30.8 

:11.8 

2iLl 
22.9 

23.0 

JJ.G 
H.8 

1:1.2 
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First- and second-order interactions 

The first order interaction of populations X treatments is 
shown in Table 3. The differences between populations be­
longing to different levels of total nitrogen are g reate r on the 
fertilized plots than differences involving corresponding cam­
parisons on the non-fertilized plots. For example (45.8-~0.0)­
(17.8-10.4) giving a value of 18.4 is signifi.cantly different from 

zero. In testing significance t was employed and 18.4 is divided 
by 2 and the appropriate standard error. Similar comparisons 
within levels do not approach statistical significance and the 
differences involved are of such small magnitude, comparatively, 
as to have little if any practical significance even though the 
differences were statistically significant. Of considerable prac­
tical importance to a breeding program is the fact that th e 
amount of tota l nitrogen for population A54-1 on the non­
fertilized plots is not materially different from th e amount of 
total nitroQ-en for th e F, hybrid and 52-307 popul at ions on the 
fertilized plots. That is , the values of 18.8, 21.3, and 18.6 are 
not significantly different. Hence, the differences due to treat­
ments and differences clue to populations are approximately of 
the same magnitude. 

Such a finding lends considerabl e encouragement to the plant 
breeder as it provides ev idence that beets can be bred for either 
10\11 or high -nitrogen content. Further it shows that in this 
study genetic control (represented bv populations) of total nitro­
gen is of about the same mag-nitude as the environmental control 
(represented by the two fertiliz er treatments). 

The replications X po pulations X treatments means for total 
nitrogen are listed in Table 4. For clarity in presentat ion, the 
data for 8 contiguous replications are grouped and presented as 
averages. This makes fi,ve groups for the 40 replica tions: The 
differences in total nitrogen between populations are greates t 
on the fertilized plots and for th e replication group 33-40 . In 
other words the differences between populations are gTeatest 
for the replication group and fertilizer treatment hav ing the 
higbest concentration o f total nitroQ-en in the thin juice. Another 
observation of interest is that on both the fertilized and non­
fertilized plots the F J hybrid bas more nitrogen in th e thin juice 
for those replication groups avera<rinQ; more than 23 mg of total 
nitrog-en (per 100 ml of thin juice) than does the inbred parent 
52-307. The reverse is true for those rep lica tion gTOUPS averaQ'­
ing less than 23 mg of total nitrogen (see non-fertilized, Table 
4). That is, for the replicat ion QTOUPS 1-8,9- 16 , 17-24, and 25-32 
on the non--fertilized plots th e F t hybrid has less total nitrogen 
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Table 4.-Mcans o( Total Nitrogen PCI' 100 1111 (or the Interaction of R eplications X 
Populations X Treatmellts. 

R epl ication Groups 
Treatment and 

Population 1-8 9-16 17-24 25-32 33-40 Average 

Fertilized 
mg mg m g' mg mg lll g' 

A54-1 3~.5~ 34.99 38.85 45.90 75.79 46.8 1 
A54 -IB8 34.8 1 37.4 2 ~3.87 50.80 67.05 44.79 
50-406B8 26.21 :!5.71 28.01 27.6'1 60. 35 33.58 
50-406 26.35 24.25 28.28 30.53 46.80 31. 24 
F1 hybrid 17.4 [ 17.86 [ 8.83 20.32 32.23 21.33 
52-307 14.05 16.12 17. 36 19.90 25.7! 18.63 

Average 26.23 26.06 27.:S~ 32.52 5132 32.73 

Non-fertil ized 

A54-1 13.78 12.54 11.~9 19.77 36.27 18.85 
A54-IBB 12.54 13. 15 12.50 17.46 29.04 16.94 
50-4068B a.92 10.87 9.3 1 11.08 22.92 12.62 
50-406 10.96 11.29 10.52 14.6fi 25.39 14.56 
F, h ybrid S.49 8.73 7.2~ 9.8·) 14.75 9.82 
52-307 'l02 10. 79 8.4:1 12.55 14.55 11.07 

Ave rage lu 62 11.23 9.91) 14.23 23.82 \ 3.98 

Grand average 18.43 18.65 18.7G 2:).:18 37.57 23.36 

than either inbred parent, 50-406 or 52-:lO7. Thus heterosis for 
less nitrogen is oCCL;rring at th e lower fertility levels. 

The greatest difference between populations with in a fertil izer 
treatment (75_79-25_7 1), or 50.08 , is greater than th e grea test 
difference between fertilizer treatments within a population 
(75.79-36.27), or 39.52. The genetic difference represented by 
populations is larger than the environmental difference repre­
sented by treatments. Hence the means for the in~e rac ti on of 
replications X populations X treatments support th e deduction 
from the interaction of populations X treatments. , These results 
provide convincing evidence that beets can be bred under the 
conditions of this experiment for e ither low or hig·J1 nitrogen 
content in the thin juice_ This is particularly true for th e fer­
tilized plots and for replica tions in which larger quantities of 
nitrogen are available to th e sll~ar heet plant. 

Variances 

Analysis of variance of the wilhin-/Jlot van.ances 

The analysis of variance of the within-!)lot variances for total 
nitrogen in the thin juice is given in Table 5. The original data 
were converted to logarithms. Whether there are s-ignificant 

http:75.79-36.27
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Table 5.-Anal)'sis of Variance of the Variances for Total Nitrogen; Data Converted to 
Logarithms. 

F Value for 
Source of Degr ees of 
Variation ~Ican Square Freedom F Value 5% Le\·eJ 1% Level 

Replicat io ns 0.00046638 39 1.4 1 1.45 1.69 

Populations 0.00632655 5 19. 10 2.26 3.11 

Treatments 0.00040307 1.22 3.89 6.76 

RXP 0.00039174 195 1.1 8 1.26 1. 39 

RXT 0.00036187 39 1.09 1.'15 1.69 

l'XT 0.00063976 5 1.93 2.<?6 3. 11 

RXPXT 0.00033115 195 

differences for main effects ca n be determined by comparing the 
F values in column 4 with those in columns 5 and 6. An exam­
ination of Table 5 reveals that the only significant differences 
are between populations and that these differences are highly 
signiflcant. The large F value for populations could be due to 
differences between segregating and non-segTegating populations. 
It is desirable to know wh ether the differences between popu­
lations in th e homogen eolls materia l are statistically signifiGnt. 
An analysis of variance of the variances in volving only the data 
for homogeneolls populat ions was made. T he procedures used 
in making the analysis are the same as that shown in Table 5 
with the exception that th e number of populations is 3 instead 
of 6. The F value for populations in this latter test is 5.88 and 
that for th e I % level is 4.88. At least some of the differences 
be tween the non-segregat ing populations are statistically signi­
ficant. This information is useful in deciding whether to use 
regression in est imating the environmental variances of the 
heterogeneous popula tions. 

The means and within-plot obtained. es timated, and residual 
variances [ (R X L) + L1 for tota l nitrogen are I isted in Table 
6. That conversion of the orig'inal data to loga rithms normal­
ized it will be shown later during; the analyses of th e frequency 
distributions. Methods of testing the reliability of the res idual 
variances are provided by Powers, R obertson , and Remmen ga (8). 

Regression was used to estimate the environmental variances 
of Table 6. Regression was ca lculated with in fertil izer treat­
ments and hence n is 3 instead of 6 as was the case in the art icle 
by Powers et al (8). This information is necessary if the reader 
wishes to calculate the values in column 4 of Tahle 6. 



nitrogen in 
A54-1 BB are 
and non-fertilized 
A54-1 to 

broader 

VOL. X, :\n. 7, OCTOBER EH)') 

6.-1\Icans and Within·plot Obtained, E.timated, and Residual Variance; 
LJ for Total Nitrog"11 for TreatmellLs alld Populations; Data ('",m'crted to 

Variance. 
Treatments ano 

Populations :\[eans: Ohtained Estimated Residual 

Fcrtili/cd 

,\:;4,1 l,(iO'iIOS (),O:j7~li4 O,G2H02 O.012R62 
.\54·IIlB 1.,,87179 OOj7772 U.02:176il 0.01'1004 
50·406B!l 1.145771l O.O:lI6K7 0.019188 0.012199 

,.0,,10(; O.OI!lllHK 0.019451 0.0001:17 
h hyilri,\ 1.2~i 169<) 0.012581 -···0,001621 
')2·307 1.~3159', 0.01:31))2 O.ooll87 

~Qn,teni!iled 

.\54·l 1.183687 O.fJ23 I O.OOJ:l21 
A54·IBB 1.15fi91JR 0.0223:,8 0.0[0190 

;O·I06BB 1,02:103:3 IUi21iSl7 O.OJ8H:l 0.008;\41 

50·4()6 1.0(71)37 O.020'Hfi U.020G]D ().OOO~.27 

F, hyhrid 0.947119 O.OlliNO O.iJl('25~ ().OOO48,", 

52·J07 1.007 1 Ot, 0.017]1\2 0.017994 -11.000812 

An examination of the variances and means for populations 
hybrid, and 3:!-307 (homogeneollS populations) reveals 

that on the whole there is a relation betweell the means 
and obtained variances within treatments. For these populations 
this relation does not hold bet ween treatments. That the 
means are on the fertilized than on the lzed 
plots and the reverse is tflle for the variances. Consequently 
the within-treatment were used to estimate the en­
vironmental vanances. 

accounted for 87.;') of 
the fertilized and 90.9 
plots. The use of linear 
mental variances of the 

variances 
(50-406. F, 

variability of the yariances on 
of that on the non-fertil 

to estimate the environ­
justified. 

The residual vanances I isted in column ;) ()f Tahle 6 are 
significantly different from zero for the 

L A54-lBB, and . indicating 
in these populntions for total 

The residual for 
those for A54-1 on hoth the fertilized 

mother beets of 
or lines has resulted in 
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This finding has a bearing on the interpretation of the data as 
it indicates that a study of the frequency distributions will yield 
information of biological importance. 

Frequency Distributions 
The obtained frequency distributions of populations for total 

nitrogen in the thin juice expressed in numbers are listed in 
Table 7. The total number of individuals for each population 
within a fertilizer treatment is 320. In analyzing the data it is 
desirable to know whether, on the arithmetic scale, the environ­
mental variability is following the normal probability integraL 
Goodness-of-fit chi squares were calculated for the non-segre­
gating populations using the arithmetic scale. All the P values 
fell between 0.01 and I-infinity. It is evident that the environ­
mental variability is not following the normal probability in­
tegral on the arithmetic scale. An examination of Table 7 
reveals that for both the segregating and non-segregating popu­
lations the data are skewed toward the lower values of the fre­
quellcy distributions. This suggests that the data may be follow · 
ing the logarithmic scales. 

Chi squares for goodlless of fit were calculated to determine 
whether the environmental and genetic variabilities are follow­
ing the logarithmic scale. For details of the methods employed 
here and immediately above see Powers (5). The results of the 
tests to determine whether the environmental variability and 
both the environmental and genetic variabilities are following' 
the logarithmic scale are given in Table 8. 

An examination of Table 8 reveals that for the non-segre­
gating populations none of the P values are as low as 0.05 and 
that the total values for the two fertilizer treatments and grand 
total have P values falling between 0.20 and 0.10. From these 
results it seems logical to conclude that the data measurihg the 
environmental variability follow the normal probability integral 
after conversion to logarithms. Such is not the case for the seg­
regating populations. The only population having P values 
larger .tban 0.05 on both the fertilized and non-fertilized plots 
is A54-1 BE. This indicates that the genetic variability for popu­
lations A54-1 and 50-406BB are not following the ' noi-mal 

.probability integral, whereas both the environmental and genetic 
variabilities are doing so for population A54-1 BB. This differ­
ence in behavior between populations could be due to the 
segreg'ation of comparatively few g'enes conditioning total nitro­
g'en in populations A54-l and 50-406BB, whereas more genes 
tonditioning total nitrogen are segregating 111 population 
A54-1BB~ .' 

.. 




~. 

< 
0 
r 

Treatment 
and 

Population 

Fertil ized 

Table 7.-Frequency Distnbutions of Treatments and Populations for Total Nitrogen, Expressed in Numbers. 

lJpper Limit of Class, mg of N per 100 ml of Thin Juice 

o to 
7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119 

No. No. No. No. No. No. No. No. ~o. No. :\0. No. No "0. No. No. No. 

126 

No. 

140 and 
133 Over 

No. No. 

t< 
Z 
SO 
_1. 
0 
(') 
-l 
0 

'" '" " 
A54-1 

'. A54-mB 

9 

12 

JI 

29 

H 

12 

48 

47 

of 
48 

:32 

37 

31 

32 

18 

12 

18 

14 

7 

13 

H ~ "S 

11 

6 

4 I 

2 

<0 
~, 

<0 

50-406Bn 31 80 66 42 25 19 9 12 8 8 6 2 

5? -406 

.Ft hybrid 

52-307 

I 

5 

II 

64 

94 

72 

J:ij 

12:1 

71 

73 

57 

75 

22 

22 

,0 

10 

12 

28 13 

G 

2 

6 

3 2 

4 2 2 

Non -ferti li zed 

A54· 1 2 1 138 ~c J I 9 4 5 2 2 2 

A54 -IBB 

50-4061\13 

22 

55 

14 1 

199 

92 

40 
35 16 

8 

2 2 2 2 

2 

2 

50-406 33 169 76 22 9 3 ~ 2 

FI hybrid 

52 -307 

92 

55 

189 

202 

23 

47 

S 

11 

6 

=> 
"'­
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Table ~.-Goodness·of·Fit Chi Squares and P Values to Test "ormal Distribution of 
the Frequt'odes for Total ~ltr()g(:n, nata Converted to Logarithms, S('gregating and Non­
Segregating Populations. 

S(~g1"egatjon Status; 
Treatment, and Degrees of 

Population Chi Square Frccdotll P Lies Between 

h:rtilited 

.'\51 I 

.\51·IBB 
50·1001lJl 

Total 

:-"on·'ertilized 

A54·] 
A54·IBB 
.,)0-40f>IlB 

Total 

(; I'tlnd total 

?:':on~H:gregating 

FcrLililt:cJ 


50·106 

I: I,ybrid 
;)2-307 

TOlal 

);on·[crtili,cd 

:;0-406 
I'l hybrid 
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homogeneity chi square can be employed for this purpose 
(Powers 3, 4) and perhaps is both easIer to apply and more com­

prehensive. 

There are no signifi.cant differences between populations with 
regard to the number of genetic deviates in the higher classes 
(last column of Table 9). However, the numbers of genetic 
deviates in the higher classes for both treatments and all popu­
lations are sig'nihcantly different from zero. 

Turning to a consideration of differences between popula­
tions tor the lower classes (second to the last column of Table 9) 
there are signifi.cant differences between fertilizer treatments 
<lml between populations for both fertilizer treatments. The 
non-fertilized plots are lower in number of genetic deviates. 
Tilese data furnish some evidence that breeding for low nitrogen 
at the higher fertility level would be more effective. A54-1 BE 
is lower in genetic deviates than either of the other two popu­
lations. Again all oj the numbers of genetic deviates are sig­
niticantly different from zero for all populations in both treat­
ments. 

From these considerations breeding within these three popu­
lations for either [ow, intermediate, or high nitrogen would be 
expected to result in some genetic improvement and would he 
more effective at the higher fertility level. 

The proportions of genetic deviates in the different classes 
should be considered in selecting individuals for further breed­
ing. This is particularly true if selection is employed as the 
breeding method. Those classes having 100 percent genetic 
deviates would be of particular interest as they allow the iden­
tifi.cation (with reasonable limits) of the genetic deviates. A 
progeny test is required to identify the genetic deviates selected 
from those c1ass.es having less than 100 percent genetic deviates. 
Of course those individuals selected from classes showing 100 
percent genetic deviates should be progeny tested also as occa­
sionally chance environmental deviates would be expected to 
occur among them. 

An examination of the frequency distribution of the genetic 
deviates [or population A54-l reveals that this frequency dis­
tribution has a mode among the lower deviates and another 
alllong the higher deviates. These modes have upper class 
limits of 21 and 105, respectively. Such being the case the mean 
total nitrogen for each of these two groups can be estimated. 
The procedure will be illustrated for the lower classes. The 
class centers may be obtained by dividing the class interval 
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7 by 2 (equals 3.5) and adding this value to the value for the 
immediately preceding class. By so doing the cl ass centers are 
10.5, 17.5, and 24.5. The frequencies for these classes taken from 
Table 9 opposite row heading differences are 8, 20, and 6, re­
spectively. Multiplying the class centers by their respective 
frequencies and summing we have [(8 X 10.5) + (20 X 17.5) 
+ (6 X 24.5) ] and this divided by 34 equals 17, the mean for 
the lower classes. Similarly the mean for the higher classes is 
estimated as 94. It should be possible to obtain by breeding, 
a pop ulation having a m ean of 17 and another population hav­
ing a mean of 94. The latter population w,Quld have 5 times 
as mu ch total nitrogen as the former. The mean of population 
A54-1 for th e fertilized plots as shown in Table ~ is 116.8. The 
decrease in total nitrogen for the first popul ation is ~75 percent 
and the increase for the second popula tion is 201 percent. 

Summary 

I. The unit 01 measurement is milligrams of nitrogen per 
100 milliliters of thin juice equated to a refractive dry substance 
of 10. 

2. Sign ificant differences in amounts of total nitrogen were 
found between populat ions and between th e two fertilizer treat­
ments. Populations represent three leve ls of total nitrogen: A54-1 
and A54-IBB , 3 I.R; 50-406BB and 50-406, 2:1.0; and F, hybrid 
;md 52-307 , 15 .2. 

3. Nearly com plete dominance of smaller amounts of total 
nitrogen was found for those replication groups in which the 
total nitrogen averaged over 23 whereas heterosis for smaller 
amounts of nitrogen was found for those replication groups in 
which the total nitrogen averaged less than 23. 

4. The amount of- total nitrogen for population A54-1 (18.8) 
on the non-fertilized plots is no t m aterially different from the 
amount of total nitrogen for 52-307 (18.6) and F, (21.?) on 
th e fertilized pl ots. H ence in this study genetic control of to tal 
nitrogen represented by d ifferences between populations is of 
about the sa me mag'nitllde as env ironmental con trol representf'd 
by differences between fertilizer treatments. 

5. The differences between populations in amount of total 
nitrogen are greatest for the replication ~TOUp 33-40 which had 
the greatest amount of nitrate nitrog'en in the petioles (see 
Powers et al. 9). This is SlIhstantiated also by the fertili/er treat­
ments as the rang'e for populations for the fertili7.ed plots was 
18.6 to 46.8 and for non-fertilized plots was 9.R to 18.8. 
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6. Such findings lend considerable encouragement to the 
plant breeder, as they provide evidence that beets can be bred 
for either low or high nitrogen content. Furthermore, the ac­
complishments are expected to be more marked at the higher 
fertility level , for which improved varieties are much needed. 

7. The residual variances for populations A54-1, A54-1 BB, 
and 50-406BB were greatly different from zero, indicating that 
considerable genetic variabil ity existed in these populations. 
The partitioning method 01' analyzing the frequency distributions 
confirmed this deduction and showed that breeding \vithin these 
populations and between the six populations should be effective. 
It was found that breeding within A54-1 should result in the 
production of populations differing by five times in the amount 
of total nitrogen. 
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