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Control of both vegetative and reproductive responses in 
many crops is often approached 'with two opposite objectives. 
In prod uction for fresh m~.trkeL or processing, a vegetative plant 
is often desired; while for a seed crop, bolting and flowering 
must be induced. Varieties of many biennial crops, including 
sugar beets, are being developed that an: increasingly resistant 
to bolting. Hovvevcr, the more non-bolting the variety, the more 
difficult is seed production ; and for the planL breeder the time 
required [or the completion o[ a life cycle is increased. 

Gibberellin may grcatly modify the flowering responses of 
biennials and under some environmental conditions may pro­
mote earlier flowering and seed production. The cold require­
ment for stem elongation and flowering in Hyoscyamus niger 
(2) ., and certa in varieties of carrot . stock , and foxg love (3) may 
be completely replaced. Many cold-requiring biennials are a lso 
obligate long-day plants; and, while gibberellin may partially. 
or even completely replace the temperature requirelllent for 
flowering, it is unable to substitute for the photoperiodic require­
ment (2, 3). Gaskill (1) reported that a non-bulting variety 
(NB l ) of sugar Leet failed to bolt when gibberell in was applied 
in the absence of cold . However, when the sugar beets received 
partial "photothermal induction" (continuous illumination and 
temperatures of 45-46 0 F. for 43 days) followed by four foliar 
sprays at n\'o-week intervals of 1000 p.p.m. of gibberellin , bolt­
ing as well as tlowering and seed production occurred. Under 
conditions of partial photothermal induction alone, very few 
plants flowered (1). Thus, the critical thresholds of temperature 
and photoperiod for flower induction in sugar beets may be 
altered to facilitate earlier seed maturity in variety improve­
ment programs and in commercial seed production. Gibberellin 
shou ld prove particularly u sefu l under field conditions where 
rigorous control of environment is not feasible . 

Experiments were designed to determine the effect of gib­
berellin on the tempt:rature and photoperiodic requirements for 
flowering in sugar beets. 

1 Cooperative in ve$li gations of the Crops Research Division, AgricuilUr<li Resea rch Service. 
U . S. Department of Agriculture, and the ,Vlichirran Agricultural Experiment Slolion. Ap­
proved for publication as Journal Article :0-<0. 2358, Mich igan Agricullural Ex per iment 
Station. 

'The g'ihberellin used in these stuelies was the potassium salt of rribberellic acid (gib­
berellin A3) suppli ed by Me rck and Co.. Rahway. N. J. 

3 Plant Ph},sioiog ist , Crops Rt"search Di vision. Ae ricu lturai Research Service , U . S. De­
partment of .·\ g ri(lllttll'e. and I-'ror('~sor of Horticulture. ~'fichigan Slal e Uni versit y, F.asr 
La nsing. Michigan. ­

" Numbers in parentheses refer to iitl'ralnre ciled. 
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each environment, the plants in two of the four flats containing 
annual sugar beets, and two of those containing the biennial 
type were sprayed for the first time (October 14) with a solu­
tion containing 1,000 p.p.m. of gibberellin and 0.1 percent Tween 
'20 as a wetting agent. The spray treatments were repeated on 
November 7 and December 24. Equal numbers of flats contain­
ing non-sprayed plants in the two environments constituted the 
controls. A minimum night temperature .approximating 55° F. 
was maintained throughout the experiment. 

Figure I.-A biennial sugar bee t plant with two shoots that developed 
from a vegetative cutting. Shoot on left treated with 100 micrograms of 
gibberellin at approximately two-week int.'~rvals. Treatments initiated 
October 24 and continued until JanualJ' 9. Photographed March 4, 1958. 
Plant grown under prevailing photoperiod and a night temperatm'e of 65° 
F. Note the localized effect of gibberellin in the bolting of the treated shoot 
(left) in contrast to the absence of stem elongation in the non-treated shoot 
(right). 

The effects of both photoperiod and gibberellin on stem 
elongation and flowering of th e annual and biennial sugar beets 
are presented in Tabl e '2 and Figure '2 . Absence of flowering 
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Table 2.-Elfects of Gibberellin on Flowering and Stem Elongation of Annual and 
Biennial Sugar Beets Grown Under Sbort (9-Hour) and Long (18-Hour) Photoperiods, and 
at a Minimum Night Temperature of 55 ° F. 

Photoperiod Gibberellin' 
Thnc to 

FloweringZ 

Plants That 
Produced Normal 

Flowers 

Plant Heights 

Range ~lean 

(Hours) (Days) (Percent) ( Centimeters ) 

Annual Sugar Beet (SL 9460) 

9 

18 
+ 

+ 

No Flowering 

No Flowering­

80 to 105 

77 to 92 

0 

0 

100 

100 

No Stem Elongation 

46 to 62 

10010143 

103 to 154 

!J4 

119 

124 

Biennial Sugar neet (US 400) 

9 

18 
+ 

+ 
151 to 206 

78 to 175 

0 

58 
flO 

100 

I to 146 

52 to 211 

62 to 180 

13010227 

62 

140 

130 

188 

1 Spray applications ( 1,000 p.p.m.) on October 14, November 7 , and December 24. 
'Number of days after initial (October 14) application of gibberellin. 
3 Inflorescence sma ll and appeared after 199 days. 

in the annual-type sugar beet under short days suggests an 
obligate long-day requirement for flowering, which was not 
satisfied by repeated treatment with gibberellin, even though 
marked stem elongation occurred (Table 2). Flowering of the 
annual sugar beets under a long photoperiod was accelerated 
by about 12 days with gibberellin, and seedstalks were slightly 
taller than those not treated with gibberellin_ 

As 'with annual sugar beets, most of th e biennial plants 
flowered readily under the long photoperiod, but only one of 
20 gibberellin-treated plants flowered under the short photo­
period. Flowering was generally accelerated under" long days 
when the plants were treated with gibberellin (Figure 2), 
although some gibberellin-treated plants actually flowered at 
a date later than the first plants wh ich flowered in the absence 
of gibberellin (Table 2). The data suggest that both annual 
and biennial sugar beets are obligate long-day plants. Gibber­
elIin generally promoted flowering' only when the plants were 
sllbjected to long days, although extensive stem elongation , 
without flowering', occurred subsequent to treatment of plants 
subjected to short days_ 

Effects of Gibberellin on Biennial SU[!·(tr Beets Grown at 
Various Photo/Jeriods a.lld T em jJeral.ures- Seeds of US 400 were 
sown January 2. 1958, and th e seedling's grown in flats o f ver­
miculite as in the previously descrihed experiment. All plants 
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were maintained under a 9-hour photoperiod and at a tempera­
ture above 65 ° F. until February 27 when the gibberellin, photo­
period , and temperature treatments were initiated (Table 3) . 
The initial (February 27 ) and subsequent (March 13 and 27 , 
and April 10) gibberellin treatments consisted of sprays of 1,000 
p.p.m. (plus 0.1 percent Tween 20) directed onto the growing 
tips. As in th e previous experiment, two flats of 10 plants each 
were employed for each trea tment. 

Figure 2.-Effects of gibberellin and photoperiod on stem elongation 
and [lowering in US 400 biennial (top) and SL 9460 annual (bottom) sugar 
beets. Left to right: 9-hour photoperiod; 9-hour photoperiod + gibber­
ellin; IS-hour photoperiod; and IS-hour photoperiod + gibberellin. 
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Table 3.-Effects of Gibberellin, Photoperiod, and Temperature on Flowering and Stem 
Elongation of US 400 Sugar Beets. 

.. 
... '<:l ~ S" 

... ... .S: ~ <> "OJ) " ...= ~ c:l:l OJ ~ .: ~zS.c: " Q, ....:.0 ~ <> ~ '<:l ~S " .c: c~..9Z S ~ .c: " ~~ Plant Heights.c: " = ~,.. -'<:l~f-<" i3 ll. 0 
Range Mean~ 

('F.) (Hours) (Days ) (Percent) (Centimeters) 

55 9 No rtowering 0 No Stern Elongation 

+ No Flowering 0 21 to 77 54 
12 No Flowering 0 No Stem Elongation 

+ No Flowering 0 33 to 115 67 
18 9610115 65 o to 105 60 

+ 90 to 125 80 28 to 155 95 

55 9 No Flowering 0 No Stem Elongation 

-r No Flowering 0 12 to 84 36 
18 No Flowering 0 No Stem Elongation 

+ 62 to 117 40 41 to 194 106 

1 Spray applications (1,000 p.p.m.) on February 27 , March 13 and 27 , and April 10. 
2 Number of days after initial (February 27) application of gibberellin , 

The data in Table 3 confirm the results of the earlier experi­
ments, Flowering occurred only on plants exposed to an IS-hour 
photoperiod. At 55 ° F. and an IS-hour photoperiod, flowering 
was slightly accelerated by gibberellin, and there was an increase 
in the percent of plants which flowered. When the long-day 
requirement was satisfied, gibberellin induced 40 percent of the 
plants to flower, even at the "non-inductive" night temperature 
of 65° F. Of the plants which flowered, earliest flowering oc­
curred on those sprayed with gibberellin and grown at a mini­
mum night temperature of 65" F. and an IS-hour photoperiod 
(Table 3). Normal seedballs were subsequently produced by 
plants in which flowering was accelerated with gibberellin. Stem 
elongation was induced in all plants treated with gibberellin, 
irrespective of temperature or photoperiod (Figure 3), 

Summary and Conclusions 
Flowering in sugar beets may be accelerated and even in­

duced with gibberellin, if treatments (repeated spray applica­
tions of solutions of 1,000 p,p.m. to the growing tips) are ac­
companied by exposure of the plants to a long (IS-hour) photo­
period. At an IS-hour photoperiod and a night temperature of 
55° F., gibberellin promoted earlier flowering of both annual 
(SL 9460 and biennial (US 400) sugar beets. No normal flowering 
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occurred at a 9-hour photoperiod. Appreciable flowering was 
induced with gibberellin (40 percent of treated plants) in US 
400, a biennial variety of intermediate bolting tendency, when 
grown at a non-inductive temperature (65° F.) and simultane­
ously exposed to a long (I8-hour) photoperiod. Considerable 
stem elongation in sugar beets resulted from all gibberellin 
treatments, irrespective of photoperiod and temperature. In 
plants produced from vegetative cuttings that had two or more 
terminals, the gibberellin stimulus for stem elongation was not 
transmitted from the treated shoot to one that was not treated. 

Figure 3.-Effects of gibberellin, night temperature, and photoperiod 
on stem elongation and flowering in US 400 biennial sugar beets. A-65° F. 
minus gibberellin; R--65° F. plus gibberellin; C-55° F. minus gibberellin; 
D-55° F. plus gibberellin. 'Vithin each group (A, B, C, D) , the planls on 
the left were .exposed to a 9-hour photoperiod those on the right to an 18­
hour photoperiod. 
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Marked variations occurred in the flowering behavior of 
types and varieties of sugar beets and in plants within the same 
variety exposed to the same environment. While flowering was 
generally accelerated and at times induced by spray applications 
of gibberellin, the variable flowering responses were not elim­
inated. Nevertheless, the results of these findings should prove 
useful for promoting earlier flowering and seed production as 
a means of accelerating variety improvement programs. Further 
testing under field conditions is needed before the value of 
gibberellin can be assessed in commercial sugar beet seed 
production. 
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