The Influence of Antecedent Climates Upon the
Subsequent Growth and Development of
the Sugar Beet Plant

Avprrt Urwicit!

The main lactors that are known to influcnce the growth and develop-
ment of the sugar beer plant are its genetic composition, dimatic caviron-
ment, nutritional status, and the prevalence of discases and pests. OF these,
the cficcr of climate upon the beet plant has heen the least studied. This
defidency in our knowledge of the specific eflects of elimate upon the
growth ol the sugar beet plant bas evolved from o lack of suirable facilities
for growing planws in simulated dimates. Most of our information con-
cerning sugar beets has been obtained through chance obscervations under
ficld conditions, in which good growth was correlated with Tavorable temr
peratures and light conditions, and by rclating poor growth with Trosts and
excessively high temperatures, doudy weather, high wind velocities or low
rainfall,

When the Phytowron ac the Galtfornia Institute ol Techoology, Pasa-
dena, California, was completed in 1940 under the direction of FoW. Went
(277 experiments pertaining to the coftects of lght, day lengih, night and
day temperatures beeame readily possible, The results of these experiments
have Been reported carlier (3, 4) . Since then, other studies have been come
pleted in the Pasaudena facilities, One of these has been w comparison of
the cffects of climatic scquences upon the beet plant, sueh as 2 “cold spring”
followed by a “mild” or a “hot summer,” as contrasted with a “mild” or
even “hot spring” followed by a “mild” or “cold summer.” The results of
these and other cimatic sequences, ay they affect top and beet root growth
and the sucrose content of the beet root, are reporwed in this paper.

Methods and Materials

On May 14, 1932, seeds of the sugar beer variety US. 2273, treated with
Phygon XL, {1 gram per 100 grums of seed), were planted at the rate of
10 secdballs per por into vermiculite Noo 2 ac o depth of 34 inch. A modi-
ficd Hoagland suwrient solution {2) was added immediately afeer planting
and at daily intervals therealter for the duration ol the experiment. The
pots used were standard metal containers 10 inches in diameter and 12
inches deep having a sanitary lacquer lning on the inside and painted
with aluminum on the ousside, Drainage was provided by means of {our
small holes at the bottom of the containers. AL 108 pows were filled by
adding. in rowtion, small amounts of vermiculite,. When tie pots were
filled, they were watered, tamped lightly by dropping the pots vertically
on the floor, vefilled and wampod again wed) no further settding took place.

Ihe pots were distributed o a total of 27 trucks, with 4 pots per truck.
The vucks were divided into 8 groups with 9 trucks per group. Each group
was placed prior o planting into its initial climatic condition. These con-
ditions were: )

“alifornia, Borkeley 4, Celifornia,

' Plant Physiologist, Univers
lHtevature cited,

2 Numbers in parentheses refer
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“Day temperatare” “Night temperatare”

8:00 am. to 4:00 pan. 400 pan. to 8:00 am,
Cold 179 C. (B39 T 12 C. (34° F)
Mild 2380 0 (789 1) 179 C. (637 F)
Hot a0° €. (86° ¥ 229 (L {72° 1)

All plants were subjected o mutural davlight and nataral day lengths
under greenhouse conditions of the Phytotron, Gadifornia Instiate of Teoch-
nology, Pasadena, Calilornia.

The scedlings emerged on May 19, i the mild and hot chimates, and
on the following day in the cold climate. On May 29 the plants in the
mild and hot climates were o the 25 feal stage. These were thinned to

- one seedling per seedball, Two weeks Inter, on June 12, the mild and hot
climate plants (67 leal stage) were thinoed w lour seedlings per pot. On
this date the plants in the cold dimate were in the 4-leal stge and were
thinned o one seedling per seedball. The final thinning to two plants per
pot for the mild and hot climate plants (12deal stagey was done on June
24, The cobd climate plants (O-deal stagey  were thinned on this day to
four plants per pot and on the following day o two plants per pot

In order o equalize the effects ol position on plant growth within
a climate, the tracks were re-randomized  ar weckly intervals. Also, at
weekly inwervals, ofd teal and new Teal counts were made, The plants were
allowed o grow in their indtial climate Tor a period of 36 days, May 14 to
July 91952, On July 9, the plants were placed into their fnal climatic
conditions. Of the 9 trucks mwnmll\ in oo given initial climate, 3 trucks
were allowed to remain i the inital climate and the other 6 trucks were
divided into 2 groups of 3 trucks cach, and then placed into the two re-
maining climates. Thus, in any once final cimate, there were 3 trucks which
were there originally and 3 tucks {rom cach of the other two initial
climates. =

The plants were subjected to the final dimatic condition until September
22, 1952 (75 days), at which timce the plants were harvested. During the
harvest, each plant was separated as follows: (w) Blades of recently matured
teaves: (b other living blades more than one inch wide: (¢) petioles of
recenty matured leaves: (d) unclasified material {petioles, fmmature Jeaves
and tip of stem) 1 and {¢) root. The tops were cut off at the point of the
oldest remuining biving leal. The beet roots were trimmed slightly o re-
move the remaining dead peticle tissue,

Sucrose samples consisting of 26.0 grams of beet pulp were taken from
the combined storage roots for cach pot and placed i glass jars, then im-
mediately frozen with dry fce. Sucrose was determined in duplicate, using
a saccharimeter and the hot extraction method of Browne and Zerban (1.

Fhe temperatures of the three rooms were recorded automatically by
a 16 point Brown temperature recorder.

Results
Beet root weights: The bect roor weights were influenced gready by
the cold, mild and hot climates of the initial and final growth periods
(Tables 1 oand 2y, The effeats of the inigal dimate were noticeable even



Table l—=Summary of F-valucs and Erroy Variances of Beet Planis in Relation to Inidal (I and Final (F) Climates,

Observed Fovalues Relative to Error a

Required Fovalues
Source of

Variation DF. 5% Y
Treatments 8 371
Chimae (1) 6.01
Climate (I} 5,01
IxF 488
Error ot
Ervor b 2,00 2.71

Beet Roots Tops Living lcaves
Kucrose N - T 0l teaves Blades Blades
Fresh Fresh Iry dry wt. fresh as % of
gm % FO1 &I am am Number 2 wotal tops
40.54 7.497 15,13 10,85
1.41 1.87 RN 10758
19.51 158.60 49,534 541 92,70
.08 1.O6 Jad .57 0.87
12,991 0.566 172,28 94 1601
31.786 0.508 31,820 324349 186,85 B AR8Y

CEvror a s the variance botween trucks of the same treatment,

¥ Eyror §is the variance between pots within a truch,

Frror & significan ¢ is relative to crror o

au6 1 At ON X TIoA

66
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Table 2.—Beer Root Weights in Grams per Pot?

Final Climate Initial Climate

Initial Clinmte July 8-8cpt, 22 (75 Days) Mcean
AMav M- July ¢ Cold Mild iwlm

(50 Dayx) 65-51° I Fa-65° L. BG-72° ¥,

Coid o 274

Aitd 5453 388

Vot 355 37

Final clinwee menn 350 188 337

LSignificant ditlerences within cimates are 98 and 134, and between dimates 56 and 77,
at the and 177 tevels, raspectively,

v

though the initial growth period of 36 days was Tollowed by a final period
ol 75 days in another cimate. "The observed Faalue for the final 75-day
period, as expected, was much farger than the Foalue for the inidal peried
ol 36 days (Table 1), The low Fovalue obscrved for the interaction of the
two growth pertods dmplies that the cimade effeds were stricdy additive
and were not dependent upon the cimate that preceded or followed a given
climate. Whether there would have been a signilicant interaction had the
temperatures been lower so as to mnduce Howering, or higher inidally or
finally 3o as o alier stifl more the metabolism of the plant, is 4 point worthy
ol Turther study.

The effects of the indtial climate on storage root growth may be observed
from the stornge root weights of the plants fuitially in the cold, mild or
hot climate, vegardless o the [inal climate (Table 2). The plants inidally
in the cold dimate averaged 335 wrams and this is sigonificantdy less than
the 435 and 404 grams oy the plants originally in the mild and hot climates.
‘The average root weights for the final climates, regardless of inrtial dimate,
were 850, 488, and 837 grams per pot for the cold, mild, and hot climates,
respectively (Table 2) 0 Since these weights differ much more than those lor
the fmitial chimates, this accounts for the Fvalue being larger for the final
than for the inital climate (Fable 1)

The results presented in Table 2 also indicate that the cold chimate
plants made very poor root growth when the plants were retained in the
cold climare (300 grams) or when comparable plants were translerred o a
hot climate (274 grams). Whon the cold dimate plants were mostd 1o
the mild climate, a disting huprovement in growth took place (132 grams) .
The best root growth, however, was made by the plants continuously in
the mild olimate. These roots weighed 322 grams per pot. When com-
parable plants of the mild climate were moved o the cold or hot cdimates,
the root weights were 395 grams and 388 sruans per pot, respecively. Plants
continuously i the hot dimate had roots that weighed 347 grams, but
when moved o the mild or cold chimates these weighed 510 and 356 grams
per pot, respectively, Thus, root growth was favored whenever the plants
were kept continuously or even partly in a mild climate.

Sucrose concendration: The sucrose concentrations of the roots were
not influcnced by the inidial climate under which the plants had been grown,
This s shown by the lack ol significance of the inidal climate Fovalues,
Table |, and by the uniformity ol the initdal cimate means presented in
Tuble 5. There was, however, a trernendous eflect of the final dimate upon
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Table 3.—Pereent Sucrose!

Final Climate initinl Climate

Initial Climate July 9-Sept. 22 (75 Days) Mcean

May 14-July 8 Cold Mild Hot

(56 Drays) 63-54 F, 73-63° ¥, 86-72° ¥,

Cokd 11.15 8.72 7.49

Mild 12,00 8.70 7.98

Hot 1140 9.08 8.07

Final climate mean 11.62 5.84 7.85

= Significant difterences within cimates are 0.80 and 109 and between dimates 0.46 and
0.63 at the 39 and 19 levels, respectively.

the sucrose concentration of dhe beet roots. The plaits in the cold climate
had an average sucrose concentration of 11.62%., in the mild cdimate 8.84%,
and in the hot climate 7.83 These fidings are in accord with thosc
reported carlicr, that is, low temperatures are conducive 1o sucrose accuu-
lation and high temperatures tend to depress the sucrose concentration of
the storage root (8, 1y, Again the interaction of initial and final dimate
wus not signihcant (Table 1).

The finding that the sucrose concentration ol the root is independent
of the antecedent climate has a pracical implication, especially il the time
required to cffect @ change during the finul growth period is rather brief.
Thus, if it is found that it takes only two weeks to change the sucrose con-
centration ol beets from 7.85% in a hot climate to that of 11.62% in a
cold climate, then the proper climatic measurements made prior to harvest
may offcr a clue as o the wends that are to ke place in the sucrose con-
centrations ol the beets as the scason progresses. An integrated value of the
climatic measurements could then serve as a guide to the harvesting ol
sugar beets, assuming some leeway as o the time ol harvesting the crop in
a given district. '

Sucrose storved: An inspection ol the results presented in Tables 1 and
4 indicates rather cearly that the inttial period of 56 days had a pronounced
cffect upon the sucrose stored fn the root. The ciiect ol the fizal period
of 75 days was cven greater than that of the initial growth period. The
F-value for interaction was again not significant and this indicates that
the initial and final cimate efflccis were additive and not dependent upon
cach other. The largest amounts of sugar were stored in the plants that

Table 4.—Sucrose in Grams per Pot

Final Climate Initial Climate

Initial Ciimate July 9-Scpt. 22 (75 Days) Mean
May 14-July 9 Cold Mild Hot

(56 Days) 63-517 ¥, 73-63° T, 86-72 I

Cold 38.2 20.5 31.0

Aidd 47.8 406.0 316 11.6

Hot 41.1 46,2 984 38.7
Final climate mean 41.0 43.5 26.8

1 Significant differences within the table ar the 5%, and 19, levels are cqual 10 9.7 and

13.8 and between olimate means 5.6 and 7.7, vespectively.
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had bBeen grown in the cold and mild dimates during the final 75 day
growth period {Table 4). The plants that ended their growth period in
the hot climate were exceedingly Tow In sugar stored, 'This was the result
ol the combined clleas ol Jow sucrose concentrations (Table 3) and smaller
beet root sizes (Table 2y, "The small amount of sugar stored in the plants
kept continuously in the cold climuate (344 grams per pot) was primarily
a mater ol slower root growth and not ol lower sucrose concentration.
OF special interest 15 the observation that the plants injtially in the hot
chimate and then trusferred cither to a cold or ntermediate dimate were
not materially aliered in sugar stored  (Table 4) . Apparcndy early hot

weather is nor nearly so dervimental as hot weather Lute in the scason,

Table 5.—Fresh Weight of Tops in Grams per Pot!

Final Climate Initial Climate
Inittal C.imate July $-8ept. 22 (75 Days) Mcean
May -July 9 Cald Mild 1ot
(50 Days) £3-54° ¥, 73637 F. 86-72° 1.
Cold 5y 656 356 588
Mild 594 b 329 522
fios 456 424
Final colimate mean 500 610

CSigutficunt differences within abuates ave Hh and 158, and berween cimates 87 and 91
at the 59, and 19, levels, respectively.

Fresho weight of tops: 'The results presented in Tables 1oand 5 indi-
cate that there was not only @ lurge effect of the final dimate on top growth,
but that the inital climate influenced the top weights greaddy, The largest
effect ol the initial climate on top weight may be seen in the plants which
were transterred from the hot 1o the eold climate. Here dhe 1op weights
increased from 284 grams per pot to 436 grams, as compared to 702 grams
per pot for plants continuously in the cold dimate (Table 3) . "The largest
cliect of the final cdimate may be scen for the cold cimate plants moved
to a hot ciimate. These plants decreased in top weight Trom 752 grans to
556 graams per pot, a vabue which is only slightdy Detter than the 284 gramy
por pot lor plasts continuously in the hot cimate. During cold weather
the tops remain green and the leaves tend o accumulate without tlying,
whercas hot sveather occurring either carly or late in the growing
is obviously detrimental to top growth.

Tahle 6.—Iry Weight of Tops in Grams per Por!

Final Climate Initial Climate
Initial Clmate July 9-8ept. 22 (75 Days) Mean
May BJuly y Cold Mild Hot
(56 Dhays) i3-34° F, TE-63° K, BG-72° 10,
Cald s 204 5351
Mitd 63.6 8.0 49,0
ot 511 267 416
Finul climate mean 65.1 28.2

Y Significant ditterences within cimates ave TL3 and 154, and between climates 6.3 and
8.9, at the 59, and 19 levels, respectively,
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Dry weight of the tops: The dry weights ol the tops (Tuble 6) arc
quite similar to the corresponding fresh weights (Table 5y, The cffects of
both the inital and final climates are highly significant. The Fvalue for the
interaction of the inital and finad climate exceeds the 597 level of signific-
ance, instead of being somewhat short of significance as observed for the
fresh weights of the tops {(Table 1), A carelul 1mpuu<m ol the dry weights
of the tops (Table 8y mdicates that this interaction has arvisen primarily
because the plants initially in the hot cdimate fadled to recover fully when
placed in the cold climare. The tops of these Ilimts weighed only 5101
grams in comparison to the 784 grams for the planss continuously iu the
Lc)li climate. At the same time the plants nitially in the cold (}nn(\tc, when
placed i the hot climate, weighed only 294 grams. This compares with
the 26,7 graws for the plants continuously in the hot climate. Thus, by
woving the planis from the hot o the cold dimate the tops nearly doubled
in weight, whereas by moving the plants from the cold dimate to the hot
climate, the L\)|)\ weighed only onethird of those in the cold cdimate,
Apparently, the recovery ol pl ants {rom the cffects of hot climate tekes
place more slowly than injury to tops when the phmzs are moved fron «
cold to a hot climate.

Table 7—Fresh Welght of Blades in Grams per Pot!

Final Climate Tmitial Climate

Initial Climate July 9-Sept. 22 (75 Days) Mean
May 14-July 9 Coldd Mild Hot

(56 Days) 63-54° K. 73637 F, S6-72° F.

Cold o222 189 105 172
Mikd 230 17 47 168

Hot 188 139 o 147
Final cimuate mean 213 175 49

s Stgnificant differences within the table ar the 39 and 19 fevels wre cqual to 303 and
47.0 and between cdimate means, 19.8 and 27,1, respectively.

Fresh weight of blades: The lresh weight of the blades s also dosely
related to the fresh sweight of the tops, except that the inidal climate had
a very much smaller offect upon the blades (Tables 1 am 7y than upon
the fresh or dry weights of the ops ('l‘u oles 1 oand 3y, This indicates that,
il one is seeking an auribuate ol Il}c beer plant which is closely associated
with climate, weighing leal blades would be a better meusure of the effect
than weighing the cntire tops of the plants,

Table 8.~Blades as Percent of Total Weight of Top (Fresh Basis).!

Final Chimatce Initiad Climate
Initial Climate July 8-8cpt. 22 (75 Days) Mean
Mav 4 July ¢ Lold AMild Hot
{36 Days) B3-54° ¥, T363° ¥, 86-72° F.
Cold 30.0 29,1 254 205
Mila REXS 27.7 29.4 3Ly
Hot 114 30.0 237 5.0
Final climate mean 56.7 28,4 30.9

N ‘nnmfz(dm dlﬂuuwc\ within climates ave 4.4 and 6.0, and between cimates 2.5 and 5.4
at the 539 and 19 levels, respectively,
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Blades as percent of total tops: T'he values lor the fresh weight of the
blades expressed as pereent of die total fresh weight ol the wops are presented
in Fables T and 8. The Fvalues reported in 'able I oindicate that the
imteraction ob the effects of inital and final climates 15 highly significant,
as are the main cffects of the initial and final dimates. The main cileces,
however, may be the resule of the interaction rather than due to the specific
effects ol climate upon this pereentage. This may be seen in Table 8 where
the largest increase in the percentage of blades 1o total tops wok place in
the plants in the cold dimate Irom July 9 1o Scptember 22, 19520 These
percentages increased gradually from 30,0 for the plants continuously in the
cold cimate 10 38.6 and 414 lor the plants initially jn the mild and hot
climates, respectively. All other percentages are approximately the same
as for the plants continuously in the cold cimate, namely, 30.0 percent
Other than this eftect of cold dimate on the blude to top rado there scems
to be no consistent patiern of this rado 1o growth or to sucrose conceutration.

Dry weight of old leaves: 'The F-values whbulated iy Table 1 indicate
that the dying of old leaves is more closely associated with the {inal climate
than with the fnidal cimate, Inweresting too, s the fact that the highest
weight of old leaves is to be found for the plants in a hot chimate (Table 9),
which is just the converse ol that found for the fresh tops {(Table 5), or
for the dry tops exclusive ol the old leaves (Fable 6). The increase in old
feal formation ks another indication that che sugar beet plant grows better
i amild chimate, or even in a relatively cold dimate, than in a hot dimate.

Table 9.—Dry Weight of Old Leaves in Grams per Vot

Final Climate Fnitial Climate

Initial Climate July 9-8cpt. 22 (75 Days) Mean
Mav 14 Julv § Cold Mild ot

(36 Days) 63547 ¥, 73-63° I, 86-72° I'.

Cokd 50,1 59.6 3.9

Mild 0.7 413 57.0

Heot 31.2 38.8 A3 37.7
Final cimate mean 28.G 38.6 413

USignificant differences within climates are 6.6 and 9.0, and between cimates 3.8 and 5.2,
at the 59, and 19 levels, respectively,

Kind and nunber of leaves formed: "The sugar beet plants that were
grown in the cold mild, and hot dimates differed tremendousty in ontward
appearance. Both the blade and petiole tissues of the leaves of plants in
the cold climate were a dark green color. The bludes were generally broad
and rounded i shape and the petioles relatively short and thick in structure.
In sharp contrast to this sturdy appearance of the leaves of the beet plants
in the cold dimate, the blades of the plants in the hot dimate were pale
green and the petioles a pale yellow color 1o alimost white. The blades of
these Jeaves were long and narrow with the outer edges of many curled
upward. The corresponding petioles were long, bricde, and narrow in strue
ture.  Intermedine 1o the feaves i the cold and hot dimates were those
ol the plants in the mild climate. The leaves of these plants were similar
to those found In many sugar beer arceas during midseason and were char-
acterized @ being exceedingly vigorous by all observers familiar with the
culture ol the sugay beet plant
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Figure l—Total number of leaves produced in velation to time by
sugar beet plants continuously in a cold, mild (temperate} or hot climate,
The leafl counts are on a pot basis of two plants per pot, using 12 pots
per climate.

Table 10.-—Number of Living Leaves per Pot at Harvest.!

Final Climarce Initial Chimate
Initial Climatwce July 8:-8ept. 22 (75 Davs) Mean
May 14-Julv ¢ Cold Mild Tiot
(36 Days) 6354 I, 73-63° I 8G-72° T,
Cold ElL 648 135 58.7
Mild 67.4 Lt 0.8 G3.1
Hot G65.9 67,1 - 60.0

Final ¢limute mean 67.1 67.6 17,

Significant differences within climares are 85 and L7, and between olimates 4.9 and
6.7 at the 57, aned 19 levels, respectively.

Fven though there were tremendous differences in the kind of leal
developed by the beer plants in the cold, mald, and hot dimates, there
was very little difference in the total number of leaves formed by the hect
plants in these dimates (Figure 1y, There was also no oflect of the initial
climate upon the number of living leaves present at vme of harvest (Table 1)
nor was there any imteraction of the igal and final climates on the number
ol living feaves for these plants, Even though the differences in the number
ol living leaves relative 1o the final climate were highly significant statis
tically, the dilferences i actual nombers wore not large ar the ume of har-
vest (Table 10y, nov during the growing periods of the plants in the differ

ent climates (Figures 2, 3, 4y, % study ol these hgures reveals that the
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number ol living leaves in the cold dimate (Figure 2} tends to increase
gradually, whereas those in the mild dimate (Figure 3) may or may not
reach w plareau, depending maost Hkely upon the amount ol light prevailing
during growth, The number of living leaves for the plants in the hot
dinute reached a definite platcan by August 20, 1952 (Figure 4). In all
climates there was a decrease i the number of living leaves starting August
20 (Figures 2, 4, and 1), but this decrense was relatively minor lor the
plants in the cold and hot dimates (Figures 2 and 4y, Three weeks Jater,
the number of living leaves for the plants in the mild dimate increased
again (Figure 3y, whereas those in the hot ciimate romained constane (Figure
4) . As would be expected there was an inercase in the number of old leaves
removed Irom the plants during this period, but three weeks Jater the rate
rewurned to normal for all dimates (Figures 2, 3, 4}, Siuce the same
individual counted and removed the Jeaves daring the entire experiment,
this would suggest that wn external factor, such as a decrease in light in-
wnsity  (temperature, nutridon and watering were constant)  must account
for the increased death rate ol the leaves, Unfortunately light measure-
ments were not made at dthe tme and this possibitity cannot be confomed
or disproved, Fhe plaas were entirely [ree ol discases and insects, and
therefore these fuctors cannat account for the mercased death rate of the
leaves i all three dimates. Leal formation, it s interesting to note, wis
not affected (Figure 1)

qu_.' L Il ¥ §I ¥ I" ¥ T T ¥ r H 14 I H L] I R ]

i20 .
(n . 4
Yool TOTAL LEAVES _|
4 e
w L
wd

80— -
[A W
@] - -

«* LIVING LEAVES

o 60— /);/ e
@ - xx -
=
D40 — OLD LEAVES ]
z REMOVED

20— -1

S TR PN PPN SRR EP U SR

0 20 a0 80 80 100 (20 140 DAYS

14 4 2 5 3
MAY  JUNE JULY AUG, SEPT

Figure 2~—Relation ol time to the total number of leaves formed, the
number of leaves living, and the number of old leaves removed from sugar
beet plants in a “cold climate” (637 F., 8 am. to 4 pon. and 54° F., 4 pom.
to B a.n.). The leal counts are for two plants per pot, using 12 pots per
climate.
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Figure 3.—Relation of time to the total number of leaves formed, the
number of leaves living, and the pnumber of old leaves removed from
sugar beet plants in a “mild cimate” (737 F.. 8 am. to 4 pan. and 637 F,,
4 pm. to 8 am.). The leal counts are for two plants per pot, using 12
pots per climate.

Life expectaney of sugar beet leaves: 'The life expectaey of a sugar
beer leal can be estimated graphically by «drawing a line parallel w the
abscissa from the old fead curve o that ol the curve for the total leaves
formed  (Figures 2, %, and 4). By dropping a line perpendicalar o the
abscissa from the points of intersection of the two curves, the distance as
measured  between the two perpendicular lines is the average age ol the
Jeal at the time of death (removal from the plong) . When the plants were
126 days old (next to the lust point on the curve for the “old leaves re-
woved "y, the average age of the leaves belore death was 87 days lor the
plants in the “cold climate,”” 38 davs for the plants in the “mild dimate,”
wnd only 44 duys for the plants in the “hot climate” Thus, while plants
grow more slowly in the cold dimate, the leaves live much longer and
remain functional for a longer time than the leaves in the “mild” or “hot”
climates. "The shorter life expectncy, and therefore the much smaller tops
ot the plants in the “hot chimate,” may be another reason for the smalier
beet root growth and the lower sugar concentrations of the beet plants in
the “hot climate” in comparison to the plants in the "mild climate”” Low
temperatures, in contrast o moderate temperatures, recand growth  (Tuble
2y but in terms ol sugar produced (Table 4y the smaller bect root size
at low temperatures s only partly compensated for by the higher sucrose
concentrations ol the “cold dimare” beet roots (Table 3.
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Figure 4.—Relation of time to the total number ol leaves formed, the
number of leaves living, and the number of old leaves removed from sugar
beet plants in a “hot climate” (867 F, 8 a.am. to 4 pm. and 72° F, 4 p.m.
to 8 a.m.). The leal counts are for two plants per pot, using 12 pots per
climate,

Surmmary

Sugar beet plants of the variety Ul S0 2273 were grown by the open
pot culture techoigue, using venmiculite as the solid medium, and a com-
plete nuwient solution added daily in excess as the liquid  medium,
Nine sets ol plants {three per dimute)  were germinated and grown in
vermiculite for the first 56 days in o conwolled temperature greenhouse
sinulating cither a cold, wild or hot cdimate. Aleer 36 duys, one set of the
three was retained in the original climate and the two scts romaining were
exchanged for plants in the other two chimates. These plants were then
grown for another period of 73 daws,

The climatic sequences produced the following cfices:

(2) Beet root growth was influenced by the inidal climate and
still more by the flinal cdimate. A mild  (lemperate) cimate was con-
dudive to root growth whether this occurred carly or late in the grow-

ing scason. A hot or a cold climute, occurring at cither time, reduced
growth.

{b) Sucrose concentrations were influenced primarily by the final
climate, No inidal dimate elfeces were detectable, Climatic measurements
{temperature, Highty nmade prior o huarvest should anticipate the suc
vose concentration of the crop. A cold dimate was found conducive to
high sucrose concentrations and a hot cimate o low sucrose convenura-

tions.
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{¢) The sucrose stored by the beet root reflected the combined
cffects ol climate on root size and sucrose concentration, ‘Temperate
weather was conducive to sucrose storage, whether this occurred carly
or fate in the growing scason. Cold weather was conducive to sugar
storage, providing it was associated with temperate weather. Early hot
weather was not nearly so detrimental as hot weather Jate s the season.

(d) The tops of the sugar beet plants remained green and tended
to increase in size during cold weather. Duaring hot weather the wops
decrcased i size, whether the hot weather occurred carly or late in
the growing scason.  Blade weights, however. were affected primarily
by the fmal climate, Hot weather during the final growth period was
found to be detrimental to blade growth, Old lcal formation  (dead
teavesy was in accord with these findings.

(¢y The ratio ol blades to ol top weight, on the fresh weight
basis, was the highest for plants tansferred 1o the cold dimate {rom
cither the mild or hot climates. No other combinations of  dimate
differed significantly.

(fy The leaves of sugar beet plants in a cold climate were char-
acterized by a dark green color and by short, stocky petioles and by
broad, thick blades. The blades of plants i a hot climate were a pale
green color and were long and narrow in shape, with the outer cdges
of the blades curled upward. The petioles ol these leaves were a pale
yellow 1o almost white in color and were long, narrow, and britle in
structurce. A change in cimate was followed by a change in kind of
leal Tormed. The new leaves formed assumed the appearance character-
istic of the new climate regardless of the original climate.

() The rate of new lteal formation was not alfected by climate
nearly ay much as leal appearance or the number ol living leaves present
at any onc time. T a cold dimate, the living leaves gradually increased
in number so that they exceeded greatly the number of living leaves ol
plants in a hot climate. The life span ol a sugar beet leal in a cold,
mild or hot climate was approximately 67, 58 or 44 days, respectively.
The present investigation was undertaken at the Earbare Plant Rescarch

Laboratory in Pasadena, California, with the California Institute of Tech-
nology, the University of Calitornia, and the Beet Sugar Development
Foundation cooperating. The active support ol these organizations and
the aid of many individuals, particularly Dr. T W, Went and Mr. Kenneth
Ohbki, is gratefully acknowledged.
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