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The question is often asked, will a sugar beet variety that is
superior in one climate be superior in all climates, or just in
one climate and not in another? Ovdinarily, this question is
answered by growing a sevies of sugar beet varieties in test plots
i several locations during the same year and in different years.
If some varviety is found to be outstanding the first year, the tests
are continued until the relative superiovity of a variety is definitely
established.

In conducting varicty tests. the varieties are actually tested
for an entire arrav of factors that include not only climate. hut
also discase, pest, soitl and management lactors as welll In a
sense the answer to the question about the eftect of climate on
a variety is not a deqinitive one. but is confounded by Tactors not
directly related to climate. Conlounding of climate and disease
factors can be clearly shown for resistant and non-resistant
varietics in discased arcas, where all resistant varieries do better
than non-resistant varieties and where their superiority is to a
large extent independent ol climate,

The real eflects of ¢limate on reststant and  non-resistant
varieties can be studied only by having discase-free conditions,
An ideal place Tor such a study 1s in a phytotron (8. Here the
cnvivomment can be kept free of disecases and insects, and in
addition, the kind of climate can be controlled at will, an ob-
vious advantage over waiting [or nature to present the right
climatic conditions necessary {or making the proper experi-
mental compartsons.

Procedure
The present experiments were conducted in the phytotron
of the Karhart Plant Research Laborvatory, California Institute
of Technology. Pasadena 4. California  (8).  Four sugar beet
varteties, U'S 22/3, US 35/2., Furopcan Kleinwanzlehen E and
7.7.. were compared in four simulated climates, cold, cool, warm
and hot. The simulated climates were provided for in green-

'The present study wos conducted at the Earhart Plant Rescarch Laboratory, California
Institute of Technoloev, Pasadena, California, by the Uni\msity of California, Collene of
Agriculture in cooveration with the California Institute of "f'echnoloey and the Beet Sugur
Developne m Foundation. The author is indebted to Professor Fdeur Knaop., Einbeck, West
Germany. for the suzar beet seed varietics Kicinwansehen (Rabbethge and Giesecke) Toand
Kleinwanzieben {Rabbethge and Gicsecke) Z4

* Plant Physiologist, Department of S()ilw andd Plant Nutrition, University of California,
Berkeley 4, Califoruia,

S Numbers in parentheses vefer to Hiterarure cired.
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howse units that were dominated by sunhight for macural day
lengths of 9.9 1o 3.1 hours. he greenhouse temperatures were
kept at presset values from 8 anv to 4 ey and {rom 4 vy 1o 8 A
‘These were oy the Veold” cimate, 177 G and 127 G for the
“eool” climate, 200 and 14° (‘, for the “warm” chlimate, 26° C
and 207 Cooand Tor the “hot” climate, 307 € and 227 € respec-
tvely, The TS varieties 2273 and 35/2 arve vesistant to curly
top and the Furopean varicties Klein Foand Klein 27 are non-
resistant to curly top. O these, the US 2238 and the Furopean
Klein E are yl(,] d-type varicties and the US 35,2 and Klein 27
varicttes are sugar-type varieties. with the 727 being an extreme
sugar-type variety. The original selections for the US 2273, US
353/2 and 77 varicties were made to a large extent from the
Furopean Klein E, which in iwell originated from many sclec
tions. Because ol this common origin ol genetic material it is
of interest to compare the Lumpom Klein E with its “progeny”
U5 2275 U8 35/2 and 77 as 1o performance in different simu-
lated chimates.

The seeds ol the four sugar beet varicties were treared before
planting with Phygon X1, at the rate of 19, by weight The
pots were 4 gallons in capacity (20 am i diameter and 30 cm
deepy, protected on the inside by a sanitary lacquer. and were
previded with four small holes on the side at the botrom Tov
drainage. The pots were hlled with number 2 expanded verni-
culite by adding successively small increments of rhe material
to each pot in rotarion. The vermiculite was moistened thoroughly
with water and then setded firmily by jarring cach pot several
thmes on the Hoor. Four pots to a wheeled truck. 31 em x 51 em,
were planted at random o the four sugar beet varieties, with
ONC VAricty to a pot

Fhe seeds were planted on October 15, 1951, by placing 10
scedballs per por in a circde 13.0 em in diameter and {orcing
the seeds into the vernuculite to a depth of 2 em. The seeds.
and Jater the plants, were watered daily with Hoagland's culture
solution {8 the excess solution drained off by gravity through
the four drainage holes. During seed germination and mr]
seedling development all mucks wer Lem in a greenhouse main-
tained at a temperature of 25° C (mm 8 av to 4 vy oand at
17 from 4 ey oto 8 Am. Th(‘ scedlings, after 2 weeks, had
developed (o the carly 2} &i tage of erowth and were then
thinned to 1 seedling per 1)&1]. On November 8, when the
seedlings had progressed 1o the early 4-eal stage they were
thinned to 4 plants per pot. The Toll <>wmq day the plants were
moved to 4 .smml:lwl climates (Tables 1463, In this move there
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were 8 rveplications of cach varviety or a 1ol of 8 trucks per
chimatic condition. The 8 trucks were randomized weekly within
a climatic condition so as to mnimize the variability due to green-
house posttion, On November 23, 14 days alter stavting  the
differential climatic treatment. the plants weve thinned o ¥
plants per poi. The tops of the plants, which weve removed by
thimning, were dried at 80° C and then weighed., Old leaves,
more than 509, necrotic, were vemoved and collected weekly
beginning from January 7 unuil harvese on April 17, 1952

The tops of the plants at harvest were separated {rom the
roots just below the oldest hiving leal. The crown material
between the oldest living lTeal and the first eal scay was velatively
snmdl in amount and was included with the root for yoot weight
and for sucrose analysis. The tops were separated o petioles
and blades of “recently matured” leaves, blades of all remaining
feaves and residue. Fresh weights were immediately recorde
alter the plants were harvested and dry weights were taken atrer
the plant parts were dried in a forced dralt oven at 807 € Al
harvest weights were recorded on a pot basis. The beet voots
were washed and wiped free ol excess moisture, weighed and
analyzed Yor sucrose by the hot water lead acctate extraction
technique (1)

Differences between varicties and simulated climates were
tested for significance by the wmethod ol analysis of variance.
Pooled crror variances were found to be aniform by Bartlett's
test Ter only the sucrose percentages and leal counts. For all
other measurements the error variances were calealated from the
veplicates ol the two treaunents compared.  Significance of the
difference was estimated by the Fetest, which in this instance is

|

3.

Resules

Beet vool weights. 'The beet root weights tor the four vart
cries and four climartes are given in Table 1. Here the heet root
weights may be seen to be very uniform within the hot, warm
ardd cool chimates Tor the vieldtype Foand U'S 2273 varieues,
even though the weights doubled for the two varieties in going
{vom the hot 1o the cool chimartes. However, in the cold chmate
the roots of the US 2273 variery weighed ondy one-hall of dhe
Furopean type E vaviery, indicating a varietyv-climate interaction

i going from the cool to cold climates. Apparently, during the
breeding program for curly-top resistance the ability to evow
well in cold chimates had been lost by the US 22738 varvicety, This
foss i ability to grow well in cold weather was nor detected

3
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m the field under curly-top conduions of the Salimas Valley,
where spring weather is often as cold as in the simulated “cold
climate.”

The beet root weights ol the sugar-type US 5572 variety

followed the same pattern as the ylcld type US 2273 variety
{Fable 1y, It too proc luced only half the bect root weight ol
the I variety in the “cold climate.” This again mdicates a loss

i ability to grow well in “cold cimaies” altey breeding for
cuwrly-top resistance. As expected, the beer roor weights {or the
sugartypc US 3572 vaviety were inall instances less than for
the yield-type U8 22/3 variety but none of the differences within
a climate were significant s dtl\ll(d”‘v For the 77 varicty there
was agaln a variety-climare intevaction for a comparison of the
7.7 to the Foor of a US vartery i the cold and cool climares. The
ratio of root weight for the E, US 2278 or U8 35/2 varicties to
the Z7 variety within the cool climate is approximately 5 to 1,
Whercas within the cold climate the vatio of E to 7/ is approxi-
mately 10 to 1 and for the U5, to 77 varieties, 5 to 1. The best
climate {or beet root growth is the “cool” climare (207 € days
and 147 € nightsy and the poorest is the “hot” climate (307 (‘.
days and 22 € nights)). On the average the F variety made the
best beet root growth and the 77 variety the poorest,

Table 1.—Effects of climate on roof weight of yicld- and sugar-type curly-lop resistant
non-resistant sugar beet varieties (Mean of 8 values exvressed in counts ner pot),

Tomperatare

. Yield-type Sugar-type
Simulated d AM (0 4 PM 1o . Climuate
climate 4 IPsE S AM E mean
Coled I 120 C 497 261
Coot 20° (. I 621 504
Warm 26% O 200 (. 466 L6} ARFom uon SR8
Hot 30° (0 22" 304 308 213 121 935
Varicty mean .. I 172 418 450 140

Fhe symbols = and #% indicare sienificant differences between the adiacent moans at the

50 and T levels, respecthvely, calendated from the t-test for paired means (53,

Sucvose  pereenlage. The sucrose percemages of the four
sugar beet varieties [ollowed the same general pattern that has
been discovered in earlier work (6) nmw!v SUCTOSe Concentra-
tions arve higher in cold to cool climates and fower in warm to hot
climates. The present values (Table ¥} dropped from 11.71 (o

3
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Table 2—Elfects of climate im suevose pevcentage ol vields and sugav-oype curly-top re-
sistant and nowresistant sagav bect varietion (Mean of 8 values),

Toemperature

A Yicld-tyvpe Sugar-1ype
Sinndated 8 AM 1o 4 Py o ; } Climaie
climate 4 PM X AM £ U 2273 ; / Y ¥4 mean
Cold 177 ¢ 12° 114 0.8 110 17
Cosol EHAR [ 0.4 1.0 HIR 70
Warn 267 (0 2O 0.2 .1 0.8 G
Hot S04 G 22 8 9.4 R .81

VArielv meatl e 9.81

Phe Teast =ignificant difference between climate or variety wmeans cquals 0.559
and between varierv-climate means eauals 1190 and 149, at the
tivelv, The svinbols # and =% hadicare sienificant ditferences berween the adiacent means at
the 5%, and 19 levels, respectively, caleulated from the t-1est tor paired means (3.

and (.700,
L oand 19 levels, rospee-

9.81 trom the cold to the hot climate. "The yield- and sugar-type
varieties performed as expected, fe. the sugar-types tended 1o he
higher 1n sucrose concentration than the corresponding yield-
type. The differences, however, were relatively small and were
not significant statistically for the US. varieties. but for the 77
variety, which is an extreme sugar-type, the sucrose values were
significantly higher than the Foand U.S, varieties in all climates.

There was no significant variety climate interaction for
sucrose concentration for the 178 2278 US 3572 and ¥ varteties,
but for the 727 variety, there was a significant variety-climate inter-
action for the cold and cool climate comparisons. The 77 vari-
ety in the cold chimate was relatively higher in sucrose concentra-
tion than in the cool climate, thus indicating that varieties may
differ in relation to cach other in diffevent climates in sucrose
concentration as well as in beet root size.

Sucrose weights, The sucrose weights for the four beet vari
cties i the four simulated climates are tabulated in Table 3.
The variety-climate nteraction is again significant {or the vield-
rype varieties Foand US 2273 for sngar produced in the cold and
cool climates. The sugar produced in the “cold” climate by the
US 2278 ~variety and also for the US 85/2 variety, 1s only one
halt of the F ovaviery, whereas in rhe other climates there s no
appreciable difference among the three varvieties. The 77 variety
in comparison with the other varieties also seems to have pro-
duced proportionately fess sugar in the “cold”™ clhnate than in
the other climates, Maximum sugar production, as in hect root

’



Vor. X1, No. b5, Arrin 1961 3R]

welght, also occurred in the “cool” climate. The “{all off”
sugar produced by all varieties is quite appreciable in the “hot”

chimate and this loss should be studied in detail for the Tunda
wmental reasons why beet plants do poorly in hot weather,

Fresh weight of tops. The fresh weight of the tops (Fable
1y offers no clue as to the reasou for the poor growth of the roots
of the U5, curly-top resistant varieties in the cold chimate. In
fact, the wps ol the LS. varieties weigh as much as or even
more than those of the Fovarviety. This mighe naply that less

7

Tahle J—LEifects of climate on suerese weight of yickl- and sugar-tyvpe curly-top vesiste
ant and nen-resistant sugay beet varietes (Mean of 8§ values expressed in grams per poth.

Tempoerature

L — Yicld-type Sugar-type
Simulared & AM 1o 4 PM 10 . Climate
clirmate 4 PM 8 AM E Ul 2274 mean
Cold 17 C 2 BIER I 29.7
Cool 20 [ A 64,7 (1541 3346
Warm 267 C 20 C A48 ] 3R 26,0 Srd
Hot MU 227 (. 25.8 28.4 ES 11.6 22.6
Variety medn 47.8 413 w70 17.8 3.0

he svmbols @ gnd

andd 1%

indicate significant diflerences between the adjacent means ar the

levels, respectively, calenlated from the t-est Jor paived means ().

Table 4 —Effects of climate on fresh weight of tops of yield- and sugar-type curlv-top
resistand and non-resistant sugar beet varicties (Mean of 8 values expressed in grams per
pot),

Temperature

Yivkd-type Nugar-type
Simulated S AM1w0o A PMw o . . Clhimaie
chimate 4 P¥ 8 AM E 8 2ur3 Uk 352 7 micat
Cosldd [N 12° ¢ 861 842 122 646
Cawrl 20 C " %1% {54 EISTHEES S 761
Woarm 2657 200 179 617 [N 323
Haot R 227 246 65 20 At
Variety meal e e 617 G631 [ 544

The svimbols # and indicate sienificant differences between the adjacent means at the
A%, and 100 Tevels, yespectively, calenlated from the t-test for paired means (3).

3
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sugar 1s produced by the leaves or wanslocated from the leaves
to the roots by the resistant U5, varieties than by the non-resist-
ant E variety.

The tops of the 77 variety, m sharp conuast to those ol the
US 22/3, US 35/2 and ¥ varlentes. weigh only one-third as
much in the cold climate as in the cool climate (Table 4y This
pronounced decrease in top weight for the 77 variety rvesults in
a significant variety-climate interaction for top weight. The
smaller tops for 77 can account for the relatively smaller bect
root weight for this variety (Table 1) but not for s higher
sucrose concentration in the cold chimate (Table 2).

ke

The fresh weight of the tops dropped ofl appreciably 1n the
warm climate and still more in the hot climate. These decreases
in top weight are typical for sugar beet plants in warm climates
(7). There were no significant variety-climate interactions in
proceeding from the cool to the hot climate except possibly for
the Z7 variety, which held up betrer in the hot climare than the
other varieties {able 1)

Dry weight of leaves. The amount and relative proportion
of living, dead and combined living and dead leaves produced
by the sugar beet plants diffeved consider: ly or the four vart
eties i the four snuudated climates (Tal 1(% 8y In the cold b
mate the dry weight ol the living leaves made up about 75¢,
of the tol dry weight ob living plus dead leaves produced,
whereas in the cool chimate the corresponding value for the
living leaves was approximately 609, in the warm - climate
489, and in the hot climate 449, In terms of living and dead
tcaves the living in the cold climate weighed apj noxmmzoly 4
times as much as the dead leaves, whereas in the hot climate
the dead leaves weighed 309 more than the hiving leavey. The
longer life expectancy of sugar beet leaves in the cold clinate
compensates for a shightly slower leal initiation (Table 6), so
that the hiving leaves in the cold climate weighed nearly as much
as in the cool climare. Toral Ieal production (Table 5y and
Teal count (Table 6) is greatest, however, in the cool cimate.

An interaction of variety and chimate is evident for the living
leaf weight ol the Z7 variety in the cold chimate. The living
feal weight decreases shal‘plv in the cold climate Tor this variewy.
whereas the weights crease appreciably {or the other varicties.
A similar interaction of variety and climate appears to exist for
dead leaves formed by the 27 varicty in the cold climate. The
dead jeal weight falls off much faster for the 77 vaviety than for
the other varieties,

e
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quite simlar to those ol total feal weight. The wotal mumber of
leaves produced to harvest did not differ greatly among chi-
mates. The lowest average value was 112 for the cold dimate
and the highest, 148, i the cool and warm climates. Again there
were larger differences in numbers of living and dead leaves in
relation to climate. In the cold colimate the number of living
fcaves made up 617, of the total number ol leaves produced

Leaf cownts. Tu terms of lTeal counts ((Table 65, the values are

Table 3 ——Effects of cimate on leaf weight of vield- and sugar-type curly-top vesistant
and nog-resistant sugar beet varietios (Mceosn of 8 values exprossed in grams per pot on dry
hasis).

Temperature
S Yield-type Sugar-type
Simuhated 8 AM to 4 PM 1 o . Chimate

climate 4 Py 2 AM E TS 2273 18 35/2 iz mean

Tiving Loaves

Cald VAN o [ESRe a1 g ay et i
(ool 200 [ I 6 R #50 % LE Rt
Wi e SR 207 ty 54 ) il 44 B¢
Hiew RIBES 297 ¢ 33 RE 30 35 AR

Viariety mean

el 17« A B2 852
Cool o0 [N 31 PrIe
Woarm g 20 C 5o (354 Gl 17 3
Flot NIEES 227 C 17 50 11 3% 157
Variety saean ean 47 44 32 A0 442
Totul Lodves
€old 17 G J NS s 15 fog w3y 1o
Cool K AR S IR 150 INT] I e gy 1250
Wi 20 IR 142 121 a; [RHIAY)
fiot 30°C 220 ¢ S50 B 74 77.0
Vaplety mean e e 108 tis 114 72 JIENRY

The svinbols 2 and @0 fpdicate signdficant difterences between the adjacent means av the
7 and 1) Tevelss respeetively. ealeudated Trom the trest for patved means (5.
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whereas In the hot climate the corvesponding value was only 419,

a drop ol nearly 509, in living leal mumber relarive to the rotal
number of leaves produced.

Table 6.—Efects of ¢limate on feaf emand of yield- and sugar-type curly-top resistant and
pon-resistant sugar beet varicties (Mean of 8 values expressed in counts per pot.)

Temperature

e e — Yicld-type Sugar-type
Simulated 8 AM 1o t PM 1o o Climate
dimate 4 PM &AM USs 35, iz mean
Living Leaves
Lold (74 12 ¢ I & 69 &
Cool 20 11 C T a1 i3]
Warnm 28 O 2000 (35 G5 654
Haot 300 C 29 ol 44 1 G
Variety mean 61 71 68 5 65
Bread Leaves
Cold 17 C [2e ¢ 51 My o 32 44
Cool 207 [ 77 RO wE 50 7l
Warm 260 A b S0 7o 8}
Hot 3000 220 ¢ i 89 80w 6 38
Variety mean . 64 77 75 N 7
Total Leasves
Coled 150 (- SR Hy - t1e
Cool RO 1 C 155 148
Warm 26 200 (G 143 134 KRS
ot SO 82 O 129 128 131
Variety mean e [N {149 136 j22 135

Fhe ervor varianees within vroups swore found to be homogonceous for Jvina, old and
total teal cownts by Bavtetl's test (3. The corvesponding error varviances are T 148 and
364 wnd thoe kst significant rasges lov o 2 ar the and 19 levels of significance for
variety - ¢linee preans with cight replications and 1192 deevees ol freedom for crror ave 12,
12 and 19 and 16, 16 and 25, vesoectively. For the variety o climate means the least sig-
nificant ranges for p o= & ar the 59, and 19 levels of
8 and 13, respectively. The svimbols & and 94
means at the and 17y lovels, respectively.

enificance are 6. 6 amd 4 oand 8,
indicite significant differences between adjacent

*
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Discussion

The vesubis of the present experinient with {our sugar beet
varieties, resistant and  non-resistant  yield- and  sugar-types,
grown in lour simulated climates, “cold,” “cool,” “warm™ and
“hot,” suggest that the practice ol comparing varicrics ar morc
than one location for more than one vear is a good one il a
sound evaluation of variety performance for sugar content and
root size is to be made effectively. Varieties may paralicl cach
other in performance for o fatly wide range of climates and
then suddenly one or more of the varieties may [ail o grow
satislfactorily when the temperatures hecome- slightly jower on
the low side or slightly higher on the high side ol the tempera
ture scale. Under these conditions segregation of varieties, other-
wise uniform, becomes immediately apparent. "This phenomenon
has been known ol course for many genetic characters, buo only
recently appreciated Lor climatic factors as it influences genetic
expression.

Recent germination studies ar low temperatures also atiest
to the importance of getting sugar becet plints off to a good
start during cold spring weather (4 0, 10% "That subsequent
growth, particularly root growth, may also be retarded greatly
in cold weather is not as well known., This reduction in roat
growth by once hall is rather surprising since top growtl, as
nieasured by resh weight, was not reduced av all, Apparcutly,
the sugar produced by the leaves was ecither just suflicient (o
maintain top growth but not sufficient for maximum root growth,
or perhaps the sugar synthesized i the tops fuiled 1o move oug
of the leaves mito the roots for root growth,

What brought about the decline i ability o curly-top ve
sistanit varicties to form large roots during “cold”™ weather? One
possible answer, although an unlikely one here, is that vesistance
and lack of ability to grow in “cold” weather ave linked genetic
ally. The present vesults provide no specilic answer o this
question.  However, il we assume there is no genetic Hnkage o
at least very lude linkage berween resistance and ability o grow
in cold weather, one might postutate how this ability 1o form
large roots i cold weather was lost. A veview of the veseaveh
program adopted for developing the curly-top resistant vaviety
{2y indicares that the sugar beet sceds were planted, quite ap-
propriately, at a time when the plants would be small and in-
lestation by leat hoppers would be high. Such a time is carly
summer, dourmg warm weather. Under these conditions, how-
ever, it is not possible to select simultaneously for ability to grow
in cold weather and disease resistance bur only for discase ve
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sistance. The ability to grow in cold weather just happened to
be lost in warm weather, unless we are willing (o assume that
resistant varieties do not grow well i cold weather, This is a
point in need ol {urther study.

The fatlure to detece a loss of growth by vesistant varictics
m relatively cold weather from ficld experiments could well
have been associated with two situations, one being that curly-
top disease depressed the growth of the non-resistant varieties so
much that rheir better growrh in cold weather conld not be
derected and the other being that the duranon of the cold
weather was not always suthcientdy long to cause a derectable Toss
of yield, A loss in yield of ooly 539 or even of 109 would be
dithcult to detect experimentally i the field even under discase-
free conditions, but of course with curly-top discase present,
the Joss i cold weather could be masked completely. In the
Salinas Valley a foss of only 59 would be approximately cquiv-
alent to 20,000 tons of beets per annum, which when ranslated
to dollars would make it desitable 1o test “disease” vesistant
varieties for growth potential wunder “discase-free”  conditions
before the variety is veleased commercially,

Summary

Iwo yicld-type sugar beet vavieties curly-top resistant US
2273 and pon-resistant Kleinwanzleben I oand two sugar-types,
resistant LS 55/2 and non-reststant Klceinwanzleben 727, were
compared in four simulated climates by the open pot cultare
technique, using verniculite flushed daily with complete Hoag:
fnd’s nutrient solution. The greenhouse temperatures hom 8
axt to 4 paand 4 vy to 8 ant were kept Tor the “cold™ climate
at 170 Cand 127 G; for the “cool” climate, 200 C and 14 C: for
the “warm” climare, 26% Cand 200 C; and for the “hot” chimate
300 Cand 220 € respectively, .

In the “cold” climate the U8 2273 and US 3572 varicties
produced only one-hall as much storage root and sugar as Klein
. whereas in the “cool,” “warm” and “hot” climates, there were
no significant differences among  the three varicries.  Conse-
quently, in the selection lor curly-top rvesistance, ability for
storage root growth moa Teold” climate had been lost by the
US 2273 and U8 85/2 varieties.  This varicty-climare interaction
for root growth and sugar produced by the three varievies did
not carry over to top growth or to sucrose concentration,  How:
ever, for the 77 vartety there was a variety-chmate nteraction
for sucrose concentration and top size as well as for root size.
Variety-climate interactions were also observed for leal growth
and leal counts.
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