Growth and Development of Open-pollinated,
Hybrid and Inbred Sugar Beet Varletles

in Controlled Climates®
ALBERT ULRICH?

Agronomists and geneticists are often interested in improving crops
by selecting better varieties from those already existing or from those being
developed by plant breeding. Ordinarily, measurements of variety per-
formance are obtained by conducting field trials for one or more years in
a single locality or in widely separated areas. If the investigator is for-
tunate enough to draw a representative sample of climates for the area
during the trials, a valid conclusion regarding the merits of each variety
can be drawn. However, the desired climates with the proper sequences
of light, temperature and rainfall do not occur in nature upon command,
and consequently the advantages or disadvantages of certain varieties may
not be discovered until the variety has been used in commercial plantings
for some time.

The logical solution to the problem is to grow the varieties in pre-
selected controlled climates (10)* in which moisture supply and nutrient
level can be predetermined and controlled. The results of such an experi-
ment, performed as part of a uniformity trial with eight sugar beet varieties
in six climates, are reported in the present paper.

Procedure

The eight sugar beet varieties and the six climates used, as well as the
procedure followed in these experiments, except for leaf counts, blade
weights and plant heights, have been reported in a previous paper (9) .
Leaf counts and blade weights (Tables 6 and 7) were obtamed by count-
ing and weighing all immature leaf blades larger than %/, inch in width,
all mature blades and all the old leaves having blades with 50 percent or
more green tissue. Leaf blades with less than 50 percent green tissue were
counted as dead leaves, added to the residue material, and weighed as part
of the total dry matter of the tops. The heights of the sugar beet plants
were determined by measuring the length of the tallest leaf on each plant
in a pot, and the results were averaged for the two plants of the pot.

Results

Sucrose weights

The sucrose weights of the beet plants differed greatly for each variety
grown in the different climates and between the varieties grown within a
climate (Table 1) . The major increases, regardless of the variety used,
occurred in the climates with the long days. Increasing the photoperiod
from eight hours to natural day length (10.6 to 14.3 hours) approximately
trebled the sucrose produced by most of the varieties studied (Treatment
1 versus 2 and Treatment 4 versus 5) , while an increase in the day tempera-
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ture from 20° C. to 26° C., keeping the night temperature at 20° C. (Treat-
ments 3 and 5), resulted in no significant change in sucrose production.
Maintaining the day temperatures at 20° C. (Treatment 3) or 26° C.
(Treatment 6) and lowering the night temperatures to 14° C. (Treatment
2) and 20° C. (Treatment 5), also failed to change the average amount
of sucrose produced by the eight varieties in eight hours of sunlight. Only
by lowering the day and night temperatures simultaneously, as in Treat-
ment 2, were the sucrose yields increased; this may be seen by comparing
Treatments 2 and 6 (Table 1) . These observations, made primarily at
day and night temperatures favorable to beet growth, agree closely with
those made in earlier experiments (8) .

“Table [.—Sucrose in Grams per Pot (Average of Four Fots).

Troatments Sugar Bect Yaricties

“am 4 pm Mean

:: o U535 Mol  efeck
4 pm B am s GW cTa ME land of
(B hra.) (16 brs.} 22/3 204 D148 Ffl48 W48 Inbred x ©TF Inbred climate
20° C 14° £ (KL} 344 76.B 334 hé1 696 15.6 60.1 304 48.5
200G 147 C {Dark) 104 BL.O 10.3 119 258 B.hi P 15.8 128
20" 20° C {Dark) 108 4.1 124 111 14.6 57 12.5 14.1 1%.7
WG 200G (N 58.5 720 3.6 482 623 LL.T 641 1.3 18.0
26" 20* C (Dark} 6.9 3.l 3] 14.8 158 H5b 2.5 121 4.7

26°C  26° G (Dark) 18.2 7.5 135 8.5 3.0 1B.3 124 L7

Obaerved F-value?! » 1599 1162 1699 2713 BO6 2012 2713 D38
Signlficant difference 1.4 182 0.3 15.% 15,3 4.8 15,6 10.5 1.9
Mean (24 pots)! 273 44.2 17.4 26.2 32.4 B.O 27 215

Mean a2 % of maximom 62 104 34 59 73 18 74 49

1 7 £l k] B 2 6

natural day lengrh st Passdena, California, which locreased graduali':[v fmom 06

time of pranting on Febroury 2 1o 11.9 hours when the plants were placed 1n che
mur.ca cm arch 15 15 14.3 hours when the plants were harvesicd en June 5, 1951

R red Eovalues ot the 5 peceent wnd | pereent levels e 277 and 425, reupectively,
for a s’vm vaviery and 228 and 3.15. respectively, for the elght vurleties (mean efiece of

3 At the 5 peroent level.

1A dilh:n:ncl: of 7.5 grama is ¥ for if [ varicly means at the §
percent |1
INL = natural day length at Pasadena, California, which increased gradually from 10.6

Hours at the time of Bllamln? on February 2'to 11.9 hours when the piants were placed in the
|ffe{em climates on March 14.3 hours when the plants were harvested on June 951
uired F-values at the 5 ercent and 1 percent levels are 2.77 and 4.25, respectlvely,
for a glven variety and 2-28 and 3.15, respectively, for the eight varieties (mean effect
C“m?Aet ‘the 5 percent level.
* A difference of 7.5 grams is necessary for significance between variety means at the 5
percent level.

In comparing the sucrose productions of the eight varieties of beets,
the open-pollinated and hybrid varieties, as expected, produced more
sucrose than the inbred varieties. Within each varietal group there were
further interesting differences, as for example between the two commercial
varieties, U. S. 22/3 and G. W. 304. At a day temperature of 20° C, natural
day length (treatment 1), the G. W. 304 variety produced more than twice as
much sucrose as the U. S. 22/3 variety while, at a day temperature of 26° C,
natural day length (treatment 4) , the difference between the two varieties was
less, although more sucrose was still produced by G. W. 304. In an 8-hour
day, the G. W. 304 variety at all day or night temperatures again produced
more sucrose than the U. S. 22/3 variety. Using the mean value of the 24
pots of the G. W. 304 variety in the six climates as 100 percent, the U. S.
22/3 variety has a relative sucrose yield of only 62 percent. Thus, the G. W.
304 variety has a wider climatic range and a higher overall sucrose produc-
tion than the U. S. 22/3 variety and therefore should be the preferable vane%
to us# lmermmeniavddivd wakeet ek sdddd Armhdekts Sl ta5tHVES of afl B Bshnpoich 1teeabhd
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the same amount of sucrose in al six climates, except in the 8-hour photo-
period and constant day and niqht temperature of 26° C. Under these
conditions HI148 produced about */; of the sucrose of the U. S. 35 MS x
CT9 hybrid.

A statistical analysis of the sucrose produced by the eight varieties in the
six climates showed that the effects of climate and the differences between
the varieties were highly significant (Table 10) . The interaction between
varieties and climates was also highly significant, indicating that some or
al varieties did not respond equally to each climate. This was especially
true in the comparison of the U. S. 22/3 to G. W. 304 (Table 1), in which
there were significant decreases in sucrose production in U. S. 22/3 in Treat-
ment 1 compared to Treatment 4, but not in G. W. 304. However, separate
statistical analyses of the varieties in which the variety-climate interaction

Table 2.—Be¢t Root 'Weighty in Grama of Freah Material (Average of Four Pois).

Treatmonis Sugar Boct ¥arigrier
§am 4 pn Mean
0w L] VS 25 Hol. eifect

4 pm & am Us GwW CT? MS land of
(8 hrs) (16 hra) 22/% 304 148 J14§ F148 Inbred x CT2 Inbred climate
207G 11T (NL) 294 742 275 Glg TG 154 578 356 498
LI 14% (0 {Dark ) 205 343 155 148 330 Gl 289 149 210
200G 20° C {[ark) 235 431 172 162 204 68 141 145 195
26* C 20* ¢ {NL ) b OO 357 480 fi43 L7 6323 35 480
26°C 20" C {Dark} 208 570 120 208 225 o4 151 123 187
26T 267 O (Dark) 201 214 103 161 a9 49 a4 138 150
Cbserved F-value® 868 1211 9.17 2046 5565 7.00 18.3¢ 1198 904623
Significunt difference® 181 178 117 132 137 48 148 87 45
Mean {24 pots)' 306 468 215 206 378 BT a7 06
Meun as % of mnaximum €5 100 416 65 3] 9 72 44 —
Eank 4 1 B 5 4 g 3 7 -

12 A For explanation, sce Takle 1.
*A difference of 3% grams is y for
pereent, level,

aappeared the largest (Table 1, U. S. 22/3 versus G. W. 304 and male par-
ent 148 versus H148) failed to disclose a significant interaction of variety
and climate. A reasonable explanation for the lack of significance of the
interactions of several of the paired comparisons seems to be that the larger
F-value required for significance masked the interactions that actually existed
between the paired varieties in two climates.

variety meapy at the 5

Of the four inbred varieties (Table 1), the male parent of HI148 pro-
duced the most sucrose in al six climates, but this was still only 59 percent
of that produced by G. W. 304. Next is the Holland Inbred variety with
a relative value of 49 percent, third is the female parent of HI48 with a
relative value of 39 percent, and a poor fourth is CT9 Inbred with a rela
tive value of 18 percent. Within the four inbred varieties it is interesting
that the relative differences in sucrose production were maintained in all
six climates except for minor deviations by some inbred, indicating that
there is no pronounced interaction between variety and climate as indicated
by the G. W. 304 and U. S. 22/3 varieties.
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Beet root weights

The beet root weights of the eight varieties in the six climates are
given in Table 2. In general, the results of the beet root weights parallel
those of the sucrose weights even so far as to place each variety in the
same rank, except for a few minor changes. Again, a pooled analysis of
variance of the eight varieties in the six climates showed a highly significant
variety-climate interaction (Table 10). Separate statistical analyses of
paired varieties, particularly U. S. 22/3 and G. W. 304, again failed to
show a significant variety-climate interaction even though the beet root
weight in U. S. 22/3, but not in G. W. 304, was significantly less in Treat-
ment 1 than in Treatment 4 (Table 2) . Similarly, the HI48 variety in Treat-
ment 6 weighed significantly less than in Treatment 5, but this was not true

Table 3—Sucrose as Percent of Fresh Root Weight (Average of Four Pots).

TreaLments Sumar Beer Yarletics
Bam 4 pm Mean
(13 ] US55 Hol-  effect

4 pm 8am us Gw cTa MS land of
({E brs.) (16 heal) 223 304 FI148 7148 HI4B I[ubred x OT9 Inbred climare
L T NLY %6 10t &8 42  no 9.7 105 112 471
a0 4 147 2 {Ipark) 93 03 67 B -7 87 104 10,4 B.77
Zoe L 207 C {Dark} &0 T8 L) 8.6 1.0 a1 a1 9.7 792
M08 20O {NLY 9.7 4 84 L0 0.5 0.9 10,0 FLixt) 403
ST 200 G Dark) 7.9 74 9 B0 63 BA #.0 o1 7.05
PH ¢ 267 0 (Iark) 6.8 B.E T.3 8.4 6.6 7.6 7.9 9.0 .78
Observed Fovalue? sED 606 7.0 6.68 897 295 6.0 6.67 3631
Slgnifcant dilference? 15T 1,36 1.156 1.36 1.21 1.51 1,24 103  0.4%
Mecan (31 pms)t &5 ol 7.6 LE] 78 LR 4.2 10,0 .
Atean us #h of maximum  BS 91 76 B 73 B3 52 o L
Hank 5 3 B [} 7 El 4 1

272 For. explanatjon,_see Table, 1.
2 ) N .
percen% |§,ﬁ|ﬁ§m & 16 percent is necessary for significance between variety means a the 5

for the U. S. 22/3 variety, where the weights were about the same. Thus, as
far as beet root weights are concerned, H148 produces larger storage roots
than U. S. 22/3 (Treatment 1) when grown in cool climates with a long
day, while in warm climates with a short day (Treatment 6) U. S. 22/3
does better than H148.

Regardless of the variety used, the largest change in beet root weight,
just as in the sucrose weights, was produced by an increase in day length.
Increasing the day temperature from 20° C. to 26° C. (Treatments 3
and 5) had no significant effect on beet root weight, which is contrary to
an earlier report (8). The failure to show a significant change in beet
root weight with day temperature change is most likely due to the shorter
growth period of these plants, 123 days compared to 180 days in the earlier
experiments (8). Apparently, longer periods of growth are necessary to
show significant differences in root weight for small differences in temper-
ature.

Sucrose percentages

The average sucrose concentration of each variety in each climate is
given in Table 3. These values differ considerably between varieties and to
a lesser extent between climates in any given variety. The highest average
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sucrose concentration, 10.0 percent, was found in the Holland Inbred
variety, and the lowest value, 7.6 percent, in the female parent of HI48.
Arranging the varieties according to sucrose concentration and comparing
this order to that found for beet root and sucrose weights brings out a
relationship often observed in sugar beets; namely, high beet root weights
—Ilow sucrose concentration, and low beet root weights—high sucrose con-
centration. An apparent exception to this rule is G. W. 304, which ranks
first in beet root and sucrose weights and almost second in sucrose con-
centration.

The effects of climate on the sucrose concentration of beet roots of
the eight varieties (Table 3) agree closely with those reported earlier (8) .
In every instance but one the sucrose concentration of the beet roots is

Table 4—Tops of Fresh Weight in Grams Per Pot at Harvest, June 5, 1951 (Average of
Four Pots).

‘Tweatments Sugar Bect Varletles

Ham 4 pm M-e'a-n_
ta o US35 Hol effcet

4 pm A am, s Lw LT ™S5 Tarml of
(5 hea) {16 hza.} 22/8 904 Q2148 FI46 HI148 Inbred x €T9 Inbred climate
20° ¢ 4*C(NL)p 1085 1977 1i78 432 1382 44 1156 1006 106R
20° & 14° C {Dark} 726 0FTF 786 624 BEG 254 B 545 719
0T 2T (Davk) 880 1015 ials B432 104538 208 653 Lic] H01
°26°C 20 L (NLy 881  lo7Q &97 947 235 236 935 764 f41
26°C  20° C {Dark) 65 575 a67 716 B4 253 520 604 636
RET L AT O (Darky h42 550 561 597 458 156 540 419 479
Observed Fovaloe® 511 440 36+ 312 B3% 580 1180 ©.43 5382
Signlficane differencet 260 345 352 258 204 115 222 25 -]
Mean {24 pots) 776 980 ] 777 918 ZE! T56 453 .
Mean a5 9% of maximum ki 100 a7 T 0% 29 20 70
Rank B 1 3 5 2 8 4 7

223 For_explanation, see Table 1. o ]

A Idlff eﬁce of 108 grams is necessary for significance between variety means a the 5

percent lev
higher in plants grown at a natural day length than in only eight hours
of sunlight (Treatments 1 and 2 and Treatments 4 and 5). For plants
at 20° C. during the day and 14° C. during the night (Treatments 1 and
2), the longer day in Treatment 1 increased the average sucrose concentra-
tion of the roots by one percentage unit and in comparable plants at 26°
C. during the day and 20° C. at night (Treatments 4 and 5) the average
increase was two percentage units. Apparently at 26° C. (Treatments 4
and 5) the longer day was more effective in increasing sucrose concentra-
tion than at the lower temperature (Treatments 1 and 2) .

In natural day length (Treatments 1 and 4) the effect of temperature
on sucrose concentration in these experiments was not significant. Of the
plants grown in eight-hour photoperiods, the ones in the higher temperatures
had lower sucrose concentrations in all eight varieties in Treatments
3 and 2, and five out of eight varieties in Treatments 6 and 5 (Table
3). On the average this caused a significant decrease of 0.85 percentage
units in Treatment 3 compared to two, and a nonsignificant decrease of
0.17 percentage units in Treatment 6 compared to five. Apparently in
shorter days, when less sucrose is synthesized, relatively small temperature
changes may have at times a greater effect on sucrose concentration than
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in natural day periods (comparing Treatments 2, 3, 5 and 6 with Treat-
ments 1 and 4) .

Fresh weight of tops

The fresh weight of the tops of each variety in the six climates at
the time of harvest on June 5, 1951, is given in Table 4. Again, the plants
which were grown in natural day lengths made the largest top growth.
As a rule, the relative increases in top growth in the longer day periods
were about the same as the sucrose percentages (Table 3) but not nearly
as great as the gains in beet root weights (Table 2) or in sucrose stored
in the roots (Table 1). Apparently, top growth is influenced less by day
length than beet root growth or sucrose storage. This agrees with observa-
tions reported earlier (8) .

Table 5.—Tops as Dry Weight in Grams Per Pot of All Leaves Produced (Average of
Four Pots).

Treatments Engar Beet Varictivs
#am 4 pm Maan
to (1] US85 Haol- cffcet
4 pm & am s GW Te M5 Tard of
(8 hire.} {16 bra.) 22/8 24 2148 Fl432 HI48 Inbred x CTO Inbred climate
20" ¢ 14T ¢ (NL) 15 is¢ 132 185 166 a8’ )24 T 130 1262
20FC 147 C (Datk} 0 121 #3 68 106 n o9z 7L 814
20° ¢ w0t {Dark} ol 131 109 e 101 M 73 BT 4I.1
267 L 07O (NI 123 171 135 148 156 38 138 L7 1271
20 20° L {Dark) B8 126 a5 107 1e 31 i) I | 5o
26°C 26 G {Dark} [T T] 19 88 a7 23 76 ¥l T8
Obsetved F-ralued .99 4.72 208 1351 10.10 506 1084 T.57 43.5F
Signlfcant differences M 2] 0 24 30 2 26 1} B
Mean {249 pots)! a6 135 Lz 7 L2 51 a5 95 J—
Mean as € of maximum 1 100 76 70 o0 25 70 kL
Rank 5 1 4 5 2 8 [} T

123 For explanation, see Table 1.
‘A diffFrence of 11 grams is necessary for significance between variety means at the 5
percent level.

The temperature at which the beet plants are grown is also important
for top growth. Generally, top growth is less at very high and very low
temperatures (8) . In these experiments the deleterious effects of high
temperatures are particularly noticeable in the plants grown in natural
day lengths at day temperatures 26° C. compared to 20° C. (Treatments
1 and 4) and for plants in 8 hours of sunlight at a constant temperature
of 26° C. (Treatment 6) compared to 20° C. (Treatment 3) .

The fresh weight of the tops (Table 4) of the different varieties agrees
rather closely with the amounts of beet root (Table 2) and of sucrose
(Table 3) produced by each variety. Particularly interesting is the decrease
in range in the tops compared to the roots. The lowest value of the tops,
when expressed as percent of the maximum, is 29 percent, and for beet
roots the comparable value is 19 percent. The major change in the rank
of the varieties was made by U. S. 22/3, which dropped from fourth posi-
tion in beet root weight to sixth position in fresh weight of the tops. In
spite of this decrease in rank U. S. 22/3 still produced 79 percent of the
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maximum top growth produced by variety G. W. 304, while in beet root
weight U. S. 22/3 ranked fourth but produced only 65 percent of the
maximum root weight produced by G. W. 304. Usually there is a direct
relationship between top growth and beet root growth; namely, large tops
indicate large storage roots. However, large tops do not always produce
large roots, as shown by the fact that in the seven highest yields from the
eight varieties the range in top weight is only 70 percent to 100 percent
of the maximum, while in the seven highest beet root yields the comparable
range is 44 percent to 100 percent, showing that there is no simple re-
lationship between top growth and amount of root developed.

Dry weight of tops

The total dry matter produced by the tops during the entire growth
period of the plants (Table 5) agrees with their fresh weight, so the interpre-
tation of the results is the same as given for the fresh weight of the tops.

Table 6—Fresh Weight of Living Blades in Grams Per Pot (Average of Four Pots).

Treatmenis Sugar Beet Varieties
Bam A4 pm Mean
o Lo US3% Hol cffect
4 pm B am us W cTy MSs land of
(¥ hre) (16 hial) 22/3 A4 148 148 HI48 Inbred x CTY Inbyed climane
20" C 14° C (ML} 313 4BE 370 250 431 123 303 241 332
20 G 14r C {1rark) 227 359 251 104 312 74 251 165 297
20° C 20° C {Dark} 248 B56 345 276 38 UG ¥ 209 254
260 ¢ BTL (NLY 286 259 324 354 342 LD 284 Rig 262
267 C 200 C {ark) 184 s 247 a7 241 ae 138 160 07
28 C 28° C {Dark} 163 224 233 240 182 58 175 131 178
Obaerved F-values 271 4.85 272 5.23 618 288 1L5% bad 029
Significant differcnoe? 105 118 105 62 uz 38 58 6 284
Mean (24 poes)t 257 248 95 255 313 28 217 i .
Mean as % of maximom i 180 a5 Bl o) 25 62 -1 I—
Rank ] 1 3 4 2 2 L1 7

32 Fofrfexplanalfiongﬁe Table 1. tor Sanifi _ N
percer# lcélveﬁrmce of 33 grams is necessary for significance between variety means at the 5
Fresh weight of the living blades

The fresh weights of the living blades (Table 6) produced by each
variety in each of the six climates agrees closely with the fresh and dry
weights of the tops, but these values are again related only in a general
way to the beet root weights. Perhaps an integrated value of the living
blade material produced during the entire growth period of the sugar beet
plants, instead of the final fresh weight of the blades, may be more closely
related to the beet root weights. The testing of this idea, however, must
wait for future studies.

Number of living blades

The number of living blades at the time of harvest (Table 7) was
influenced by the climate in which the plants were grown. The greatest
number of living leaves was found in plants which grew in a cool climate
with natural day length. Significant decreases in leaf counts were observed
in plants in 8 hours of sunlight, particularly in the plants kept at a tempera-
ture of 26° C.
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Of the eight varieties studied the Holland Inbred, which ranked seventh
in fresh weight of the tops and beet root weight, had the greatest number
of living leaves. In contrast to this, the G. W. 304 variety, which ranked
first in top and root weight, was fifth in the number of leaves living at
the time the beets were harvested. At first glance this may indicate an
inverse relationship between the number of leaves found and top growth,
but this idea is contradicted by the HI48 variety, which ranks second in
the number of living leaves, beet root weight and fresh weight of the tops.

Total number of leaves produced

The total number of leaves produced by the sugar beet plants, sur-
prisingly enough, was about the same in al climates (Table 8). The low-
est number of leaves was produced in the warmest climate (Treatment 6) ,
which was an average of 922 leaves in all varieties. In the other climates
the averages, which fell between 99.2 and 104.1, were not significantly dif-
ferent from each other.

The total numbers of leaves produced by the varieties, while signific-
antly different in some instances, did not differ greatly from each other.
The CT9 Inbred variety produced the lowest number of leaves, 76.2, and
the HI148 variety the highest number of leaves, 111.5, showing that the total

Table 7.—Number of Living Blades Per Pot at Harvest, June 5, 1951 (Average of Four Pots).

Treatmeots Sugar Beet Varictics
A am 4 pm Mrcan
[ [T U435 Hol-  effect

4 pm % am s oW CTY M5 land of
(5 hre) {16 hra.} 22/8 S04 7148 Ji48 HI48 Inbred x CTP Inbred dimale
0 C 14* C {NL 72 H k] -] B3 55 76 g 736
0°C 14" C (Dark) 68 6y 67 5% 69 48 63 77 644
2 C  20°C {Dark) [ LL:] 6l &0 a2 29 b4 63 58.3
26°C 2004 (ML) Tl &5 L) 56 68 kL) 55 71 6L.%
26°C  20° C {Dark) 56 58 54 54 55 40 47 a7 B4
0 267K (Park) 5 ) 45 41 41 27 13 44 39.5
Observed Fovalue? 188 27z 344 BO4 1282 AAY 2050 1280 50.00
Signifcant dilerence? 186 o0 AL B 121 10.% 9.2 1.0 46
Mean (24 pois) 62 o0 Gl 56 64 41 53 67

Mean as @ of maximum 9% an " Bt ki) 61 22 iid .
Rank 3 -} 4 [ 2 -] T 1 —

123 For explanation, see Table 1.

* A difference of 5.3 leaves is necessary for significance between variety means at the 5
percent level.

number of leaves produced by a beet plant is not by itself a good indicator
of the relative growth of the plants. However, the difference between the
total number of leaves produced and those living when the plants are har-
vested is a measure of the life expectancy of an individual leaf of a given
variety in a specific climate. From this viewpoint the average life ex-
pectancy is considerably greater for leaves of plants grown in cool climates
with long days, while the shortest life span is of leaves in the warmest
climate in an 8-hour day.
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Height of plants

The heights of the sugar beet plants at the time of harvest June 5,
1951, are given in Table 9. The results of these measurements show that
the average height of the plants in any given variety of beets was not altered
greatly by growing the plants in the controlled climates. The F-values
(Table 9), when calculated from an analysis of variance of each variety
of beets in the six climates, was significant for only the CT9 Inbred and
Holland Inbred, even though the mean effect of climate on the plant
heights was highly significant (Tables 9 and 10). A further inspection
of the mean effect of climate on heights of the plants shows that long days
were conducive to tall leaves (Table 9). The plants with the shortest
leaves were those grown with 8 hours of sunlight at a temperature of 20°
C. during the day and 14° C. during the night (Treatment 2) . The next
shortest plants were those grown in 8 hours of sunlight at a constant
temperature of 26° C. (Treatment 6) . Just what factors are involved in
determining leaf heights in the controlled climates is not clear at present
and must be left to future experiments.

In a review of the plant heights of the different beet varieties the
shortest plants were the CT9 Inbred, while the tallest plants were the G. W.
304 variety. This agrees with the relative growth of the two varieties
(Tables 1, 2, 4, 5, 6) . A further review of the heights of the other varieties

Table 8.—Total Number of Leaves Produced, Old Plus Living, Larger Than 1/2 Inch in
Width (Average of Four Pots).

Treatmenty Sugar RBeee Vacieries
8am 4 pm Mean
a o 1§ 85 Hal-  effect
4+ pm 2 am s ow cTo M35 Iand of
8 hrs.) {16 hra.) 2e/% S04 FI46 o148 HI143 Inbred x CT9 Inbred clitmace
200 C 147 C (ML)t 101 100 102 10d 117 34 104 7 L08.4
2000 147G (Dark) 10 58 L2 b5 164 2% a5 1146 o
200 C 20" fDark) 10 104 97 G 118 60 ag LOB 59.2
26° 20° C (MWL) 11% 106G j104 1 119 ki 2% 1ib6 1.1
4G 207 C (Dark) 107 1z 94 g 07 78 93 108 1008
267 C 26" . fDavk) o8 o2 96 a5 195 62 213 o8 2.2
Ohacrved F-value® 1.83 050 0.4% 1.82 1.20 104 LO8 28 448
Significamt difference? (13)  (27) (19 {41y (1) (1B) (18] M4 5.7
Mean (24 pois)i 106 102 1] 102 ng 76 o5 g
Mean as % of maximum 9% a2 L] o LT i) a5 a8 —
Hank 3 4 L] 5 1 8 i 2

2 For explanation, see Table
nflcanA the 5 percent level. Flgures in parentheses indicate that the F-values are not sig-
percent |d|fe{arence of 6.6 leaves is necessary for significance between variety means at the 5

clearly indicates, however, that there are many exceptions to this observa-
tion, so height measurements alone are not very reliable for measuring the
relative growth of a given variety of beets in different climates or for com-
paring the performance of different varieties of beet plants within one or
more climates.



82 AMERICAN SOCIETY OF SUGAR BEET TECHNOLOGISTS

Discussion

The growth of the eight sugar beet varieties in the six climates is in-
teresting in regard to the relative performances of the varieties in the dif-
ferent climates, particularly the U. S. 22/3 and G. W. 304 varieties. The
results for the U. S. 22/3 and G. W. 304 varieties indicate that the G. W.
304 variety produces on the average much more sucrose and beet root growth
than the U. S. 22/3. A further inspection of the results shows that the
best performance of the G. W. 304 variety in the six climates is mainly in
the cool climate, natural day length (Tables 1 and 2, Treatment 1) . When
the plants were grown in a warm climate, natural day length, the perform-
ance of U. S. 22/3 improved but did not quite equal the G. W. 304 variety
(Tables 1 and 2, Treatment 4) . When the plants were grown in 8 hours
of sunlight at 26° C. the G. W. 304 variety grew relatively less than the
U. S. 22/3 variety. Under these conditions U. S. 22/3 is about equal to
G. W. 304 (Table 2, Treatment 6) . From the practical standpoint, variety
trials conducted in cool climates would undoubtedly favor the G. W. 304
variety while similar variety trials in warm climates would show no prefer-
ence for either variety. Susceptibility to diseases and pests, which, of course,
would favor U. S. 22/3 in California because of its resistance to curly top,
and G. W. 304 in the mountain states, has not been considered in this
discussion.

Table 9.—Height of Plants in CM. (Average of Four Pots).

Treatments Sugar Beel Varicties
# am 4 pm - Mean
L W US 3% Hol-  cffect

4 pm & am us oW CTo M5 Land of
(B hro.} (16 bra.} 20/% F04 Fl4E 145 }I4B Inbred x CTP Inbred climate
antC 14* C {NLy! 53 RA &l 51 03 47 57 EL 531
0" 147 C (Dark) 48 54 44 44 465 k- b3 43 45.8
Z0tC o C (Dark) 55 6l 51 50 50 42 L1 57 5%.5
WO BTG (NL) 52 62 47 57 48 44 L4 62 54.0
26" C 20 C {Dark) 52 63 50 55 55 42 L1} L] 5%.4
RA* G 26T C {Park) 48 -1 47 54 45 2] 59 58 50.8
Observed Foviluc? 1.00 108 0.59 Log 1.8 201 1.38 4% TN
Signilicant difference’ (B} @} f10F 13y (8 H 9y 8 5.0
Mcean {24 pors)t 51.0 5.6 4R.2 51.4 419.4 41.2 5N 556

Mean oy f of maximum B 100 &l a6 R L] o5 o5

Rank 5 I 7 4 L} ] 3 3

12 For explanation, see Table 1.
n|f|ca|ﬁl the 5 percent level. Figures in parentheses indicate that the F-values are not sig-

4 A difference of 35 cm. is necessary for significance between variety means at the 5 per-

Another interesting point is the relationship of the inbred parents to
their hybrid progeny when grown in the different climates. For example,
the beet root weight of HI48 in the cool climates was greater than either
of its inbred parents (Table 2, Treatments 1, 2, 3), but in the warm cli-
mates the superiority of the hybrid was manifested only in the plants grown
at natural day length (Treatment 4), while in an 8-hour day at 26° C.
(night at 20° C., Treatment 5) the difference decreased until, for plants
maintained continuously at 26° C. (Treatment 6), the hybrid produced
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less than the parents. Thus, the relative performances of the inbreds and
the hybrids produced from them would be altered, depending upon the
climate in which the comparison was made. If the growing season were
predominantly cool hybrid vigor would be observed, but if the compari-
son were made in a warm climate hybrid vigor would not be evident.

The sucrose concentrations of the inbreds and their hybrids are also
interesting (Table 3) . Generally, a hybrid beet root has a sucrose concen-
tration intermediate between those of its parents (1, 2, 3, 4, 5, 6, 7) . Again,
in the warmer climates this intermediate sucrose concentration of the hybrid
declines so far that at a photoperiod of 8 hours and a constant temperature
of 26° C. (Table 3, Treatment 6) the hybrid contains less sucrose than
either of its parents. Regarding the amount of sucrose produced by the
hybrids and inbreds, the results vary according to the relative performances
of these varieties with respect to sucrose concentration and the amount of
beet root formed. Thus, hybrid vigor is again manifested in all climates
studied except when the plants are grown in a warm climate for a photo-
period of 8 hours (Table 1, Treatment 6) ; under these conditions the
hybrid produced less sucrose than either of its parents.

Table 10.—Analysis of Variance.

Mean squares

Total
Beet ronta Taopa Living blades Ieaves Helght
Sucrose

Source of . Fresh Dty Frosh
ariation DF| gm/pot % gm/pot | gm/pol  gm/pet| gm/pot number| aumber <m
“Lotal 1) I — — e | e [N [ — - —
Cliraates 5 [ 708,113 20.05: G4TGALT| [ 250.020° 164472 04,8047 424004 HOI.6 30282
Varictics 7 | 328.4304 15587 2.367.90% 1,081,513 21,034 |161.243° 1,4%0.0¢)%2,637.6° 783.0°
Var x Cl 55 | 202041 L.18 315.2: 11,054 500 4,237 57.& 1.5 325
Ervor 144 8204 0.BD 97.81 32,845 378 3.298 B4.8| ISZ.7 ¥B.I

1 At the 1 percent level.
2 At the 0.1 percent level.
Summary

Eight sugar beet varieties, two open-pollinated, four inbred and two
hybrid varieties, were grown at a high level of nutrition in six controlled
climates. The climates had either a natural day length of 10.6 to 14.3 hours
or an 8-hour day. The temperatures, which were approximately optimum
for beet growth, were 20° C. or 26° C. from 8 a. m. to 4 p. m. and 14° C,
20°. or 26° C. from 4 p. m. to 8 a m. The sucrose produced by most of
the varieties studied was nearly trebled by increasing the photoperiod from
8 hours to natural day length. As expected, the beets grown within the
narrow range of temperatures used did not differ greatly in sucrose pro-
duction. Only by decreasing the day and night temperatures simultaneously
for the 8-hour day were the sucrose yields of the plants increased. The beet
root weights, sucrose percentages, top weights, weights of living blades and
numbers of living blades generally paralleled the sucrose weights; namely,
increases were observed in the climates with long days over the short days
and at the lower temperatures of the 8-hour days. Surprisingly enough, the
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total numbers of leaves produced in each climate, except the warmest, were
the same. Thus, the life expectancy of leaves of plants grown in climates
with long days or with cool days or nights is much greater than in warm
climates with short days.

The relative performance of each variety was not the same in each
climate, as for example the better performance of G. W. 304 compared to
U. S. 22/3 occurred mainly in the cool climates. Similarly, hybrid vigor was
observed only in the cool but not in the warm climates. In fact, the hybrid
H148 produced less sucrose than either of its parents when grown at 26° C.
for an 8-hour day.

The importance of growing plants in controlled climates by agrono-
mists and geneticists in order to improve crops is clearly indicated by the
results of these experiments.
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