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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)3 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 obtained by count­
ing and weighing all immature leaf blades larger than 1/2 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) . 

1 NL = na tura l day length at Pasadena, California, which increased gradual ly from 10.6 
hours at the t ime of p lan t ing on February 2 to 11.9 hours when the p lants were placed in the 
different climates on March 13 to 14.3 hours when the p lan ts were harvested on J u n e 5, 1951. 2 Requ i red F-values at the 5 percent and 1 percent levels a re 2.77 and 4.25, respectively, 
for a given variety and 2-28 and 3.15, respectively, for the e ight varieties ( m e a n effect of 
c l imate ) . 3 At the 5 percent level. 

* A difference of 7.5 grams is necessary for significance between variety means at t h e 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 variety 
to use commercially, unless disease and pests alter this relationship in the field The two hybrid varieties, HI48 and U. S. 35 MS x CT9, produce about 
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the same amount of sucrose in all six climates, except in the 8-hour photo-
period and constant day and night temperature of 26° C. Under these 
conditions HI48 produced about 1/3 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 
all 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 

aappeared the largest (Table 1, U. S. 22/3 versus G. W. 304 and male par­
ent 148 versus HI48) 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. 

Of the four inbred varieties (Table 1) , the male parent of HI48 pro­
duced the most sucrose in all 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. 



1 2 3 For explanation, see Table 1. 4 A difference of 1.6 percent is necessary for significance between variety means at the 5 
percent level. 

for the U. S. 2 2 / 3 variety, where the weights were a b o u t the same. T h u s , as 
far as beet root weights are concerned, H I 4 8 p roduces larger s torage roots 
than U. S. 2 2 / 3 ( T r e a t m e n t 1) when grown in cool cl imates wi th a l o n g 
day, while in warm climates wi th a short day ( T r e a t m e n t 6) U. S. 2 2 / 3 
does bet ter than H I 4 8 . 

Regardless of the variety used, the largest change in beet roo t weight , 
just as in the sucrose weights, was p r o d u c e d by an increase in day l eng th . 
Increasing the day t empera tu re from 20° C. to 26° C. ( T r e a t m e n t s 3 
a n d 5) had no significant effect on beet roo t weight , which is con t ra ry to 
an earl ier r epor t (8) . T h e failure to show a significant change in bee t 
root weight wi th day t empera tu re change is most likely d u e to t h e shor te r 
growth per iod of these p lants , 123 days compared to 180 days in the ear l ie r 
exper iments (8 ) . Apparen t ly , longer per iods of g rowth are necessary to 
show significant differences in root weight for small differences in t emper ­
a tu re . 
Sucrose percentages 

T h e average sucrose concent ra t ion of each variety in each c l imate is 
given in T a b l e 3 . These values differ considerably be tween var ie t ies a n d to 
a lesser ex ten t between climates in any given variety. T h e highest average 
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Beet root weights 
T h e beet root weights of the eight variet ies in the six c l imates a re 

given in T a b l e 2. In general , the results of the beet roo t weights pa ra l l e l 
those of the sucrose weights even so far as to p lace each variety in t h e 
same rank , except for a few m i n o r changes. Again , a p o o l e d analysis of 
var iance of the eight varieties in the six cl imates showed a h igh ly significant 
variety-climate in terac t ion (Tab le 10) . Separa te statistical analyses of 
pa i red varieties, par t icular ly U. S. 2 2 / 3 a n d G. W. 304, aga in failed to 
show a significant variety-climate in te rac t ion even t h o u g h the bee t r o o t 
weight in U. S. 2 2 / 3 , bu t no t in G. W. 304, was significantly less in T r e a t ­
m e n t 1 than in T r e a t m e n t 4 ( T a b l e 2) . Similarly, the H I 4 8 var ie ty in T r e a t ­
men t 6 weighed significantly less than in T r e a t m e n t 5, b u t this was n o t t r u e 

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

1 2 3 For explanation, see Table 1. 4 A difference of 103 grams is necessary for significance between variety means at the 5 
percent level. 
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). 

1 2 3 For explanat ion, see T a b l e 1. 
4 A difference of 11 grams is necessary for significance between variety means at t he 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). 

1 2 3 For explanation, see Table 1. 4 A difference of 33 grams is necessary for significance between variety means at the 5 
percent level. 

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 all climates (Table 8) . The low­
est number of leaves was produced in the warmest climate (Treatment 6) , 
which was an average of 92.2 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 HI48 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) . 

1 2 3 For explanat ion, see T a b l e 1. 

* A difference of 5.3 leaves is necessary for significance between variety means at t h e 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). 

1 2 For explanation, see Table 1. 3 At the 5 percent level. Figures in parentheses indicate that the F-values are not sig­
nificant. 

4 A difference of 6.6 leaves is necessary for significance between variety means at the 5 
percent level. 

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. 
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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). 

1 2 For explanation, see Table 1. 
3 At the 5 percent level. Figures in parentheses indicate that the F-values are not sig­nificant. ° 
4 A difference of 3.5 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. 

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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