Some Effects of Gibberellin on Stem Elongation
and Flowering in Sugar Beets'®
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Control of both vegetative and reproductive responses in
many crops is often approached with two opposite objectives.
In production for fresh market or processing, a vegetative plant
is often desired; while for a seed crop, boltxng and HAowering
must be induced. Varieties of many biennial crops, including
sugar beets, are being developed that are increasingly resistant
to bolting. However, the more non-bolting the variety, the more
difficult is seed production; and for the plant breeder the time
required for the completion of a life cycle is increased.

Gibberellin may greatly modify the flowering responses of
biennials and under some environmental conditions may pro-
mote earlier flowering and sced production. The cold require-
ment for stem elongation and flowering in Hyoscyamus niger
(2) " and certain varieties of carrot. stock, and foxglove (3) may
be completely replaced. Many cold-requiring biennials are also
obligate long-day plants; and, while gibberellin may partially.
or even completely replace the temperature requircinent for
flowering, it is unable to substitute for the photoperiodic require-
ment (2, 3). Gaskill (1) reported that a non-bolting variety
(NBI) of sugar beet failed to bolt when gibberellin was applied
in the absence of cold. However, when the sugar beets received
partial “photothermal induction™ (continuous illumination and
temperatures of 45-46° F. for 43 days) followed by four foliar
sprays at two-week intervals of 1000 p.p.m. of gibberellin, bolt-
ing as well as flowering and seed production occurred. Under
conditions of partial photothcrmal 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 earlicr seed maturity in variety improve-
ment programs and in commercial sced production. Gibberellin
should prove particularly useful under feld conditions where
rigorous control of environment is not feasible.

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

1 Cooperative investigations of the Crops Research Division, Agricultural Research Service.
U. S. Department of Agriculture, and the Michigan Agricultural Experiment Station. Ap-
roved for publication as Journal Article No. 2358, Michigan Agricultural Experiment
tation.

2The gibberellin used in these studies was the potassium salt of gibberellic acid (gib-
berei!m Au} supplied by Merck and Co., Rahway, N.

3 Plant’ Physiologist, Crops Research Division, Aericultural Research Service, U. S. De-
partment of Agriculture. amd Professor of IInmculmrc Michigan State University, Fast
Lansing, \ﬁch!rr'm

« Numbers in parentheses refer to literainre cited.
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Experimental
Preliminary Studies
Response of Non-Induced Plants Grown al High Temfrera-
tures and Short Days - Roots of clone 55 CLE-17% were harvested
in mid-October 1956, storved at 50 to 600 F, for two weeks in a
root cellay, and then planted in pots and placed in a green-
house for three weeks prior to treatment. Six plants cach were
sprayed to run-off with solutions (‘nnt;zining 0.1 percent 'ween
20 and gibberellin concentrations of 300, 1,000, 2,500 or 5.000
p.p.nL Half (three; of the plants were resprayed with the same
-concentrations 15 days later. Greenhouse temperatures approxi-
mating 65° F. were maintained at night, and plants were exposed
to the prevailing mid-winter photoperiod of 9 to 11 hours,
Ninety days akter treaunent, the heights of the plants receiv
ing the higher concentrations (2,500 and 5 000 p.pam.y ol gib
bu(.llm mnagd rom 4 to 6 feet with le.\s stemn clong&tion at
300 or 1,000 p.p-m. All. however, remained vegetative, the stalks
finally terminating in aerial rosettes of varying heights. The
second apphmtum induced very little udhmmal stem elonga-
tion as compared with plants sprayed only once. 'The higher
concentrations also caused the petioles of Tower Teaves 1o broaden
and split Jongitudinally ncar the base and bend downward in
a type of epinasty. The terminal leaves likewise appeared ab-
normal for several weeks lollowing weatment. Lateral or side
branches were markedly suppressed by the higher dosages. In
plants producing more than one sprout, none ol which possessed
apical dominance, the shoots clongated more slowly and were
shorter than on plants having a single shoot manilesting apical
dominance.

Responses of Varieties aind Clones Within Vavieties- Individ-
ual phnm within a sugar beet variety often exhibit marked differ-
ences in bolung. \(mxdmuh it was desirable to know if unt
form bolting \\ouid resalt ioilmxmu treatment with gibberelin.
Known gquantities of gibberethin swere applied in water mluti(m to
the crowns of non-induced plants of the clones listed i Table 1
Variability in stem elongation was as grear between clones within
a single variety as berween clones of different varieties. Fhis
suggests that umformny in bolting and sced production may
not be casily realized with gibberellin and that optimal amounts
for accelerating flowering may vary greatly among varieties, and
even among clones within a varicty.

“Clone derived fram a plant with lineaye of Americen Crystal Noo 2600 « 11 140 sup-
plied by Professor H. L. Kohly, Depariment of Fuarm Crops, Michigun State Universits.



Vo, X Noo 6, Juiy 1059 RN

Table L~—Compuarative Stem Elongation of Sugar Beer Varictios, and Clones of Plants
Within a Vavicty, Following Treatment With Gibbercllin,

Cibberellin Plants Elongatien

¥ariety Clonc \pplicd Treared iter 4 Months

{Micvograms} { Number) {Centimeters)
5B H593 100 2 3 and 12
hR3LE 50599 U 2 41 and 27
5B 20500 1,000 2 75 and 83
US 400 S0024 1,000 2 Fand 1
s 400 061 100 I f

Transport of Gibbevellin Boliing Stimulus in Planis with
Double Shools Vegetative cuttings ol sugar beet often develop
more than once shoot. Such cuttings are admirably suited to study
transtocation ol the gibberellin stimulus from the tip of one
shoot to that ol another. An initial study with clones F429-TIm
and E429-21m ol the variety 54B4-17, Indicated that gibherellin
applied to one shoot had no cffect on the bolting of non-treated
shoots on the same plant.

In a more extensive experiment. 13 well established plants
of clone 55 CLE-17, with shoots clearly separated. were selected.
Once hundred micrograms ol gibberellin were placed on the
primary or tip shoot of some plants and on the secondary or side
shoot of others on October 24 and at approximately two-week
intervals thevealter until January 9. The plants were watered
without wetting the treated shoots and orown at the prevailing
(9- to 11-hour) photoperiod, and at a night [cmpe YAature approxi-
mating 637 F. By lanuwary 4. the treated shoots had clongated
18 to 27 inches. Differences were even more pronounced by
March 4 (Figurce 1), In contrast, the non-ireated shoots. irre-
spective of position on the plant, failed to clongate. These re-
sults suggest a very localized cffect of gibberellin on sugar beets,

Photoperiod and Temperature Studies

Effecis of Gibberellin on Annual and Bienial Sugar Beels
Grown Under 9- and 18-Hour Pholoperviods- Seeds of annual
{SL 9460; and biennial {US 4003 sugar beets were sown Sep-
tember 9, 1957, Eieht wooden flats (47 x 167 x 24" contain-
ing vermiculite as the growine medium were used for each of
me sugar heet types, and cach fHat contained 10 seedlings. Com-
plete nutrient solution was applied to the vermiculite as needed.
A photoperiod of § hours was maitained until October 14,
On this date 1 to 5 leaves had developed, and four flats of 10
plants cach of both the annual and hiennial sngar beets were
placed under a 9-hour and under an 18-hour photoperiod. Within
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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 1.—A biennial sugar beet plant with two shoots that developed
from a vegetative cutting. Shoot on left weated with 100 micrograms of
gibberellin at approximately two-week intervals. Treatments initiated
October 24 and continued until January 9. Photographed March 4, 1958.
Plant grown under prevailing photoperiod and a night temperature of 65°
F. Note the localized effect of gibberellin in the bolting of the treated shoot
(lefr) 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 the annual and biennial sugar beets
are presented in Table 2 and Figure 2. Absence of fowering
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Table 2.—Effects of Gibberellin on Flowering and Stem Elongation of Annual and
Biennial Sugar Beets Grown Under Short (9-Hour) and Long (18-Hour) Photoperiods, and
at a Minimum Night Temperature of 55° F.

Plants That Plant Heights
Time to Produced Normal - — — —
Photoperiod Gibberellin? Flowering® Flowers Range Mean
(Hours) {Days) (Percent) (Centimeters)

Annual Sugar Beet (SL 9460)

9 — No Flowering 0 No Stem Elongation
No Flowering 0 46 to 62 Hd
18 — 80 to 105 100 100 to 143 119
+ 77 to 92 100 " 103 10 154 124

Bicnnial Sugar Beet (US 400)

9 —_ —_ 0 1 to 146 G2
-+ — 5o 52 to 211 140
18 — 151 to 206 a0 62 to 180 130
+ 78 to 175 100 130 1o 227 188

! Spray applications (1,000 p.p.m.} on October 14, November 7, and December 24,
2 Number of days after initial (October 14) application of gibberellin.
3 Inflorescence small 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 the 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 which flowered in the absence
of gibberellin (Table 2). The data suggest that both annual
and biennial sugar beets are obligate long-day plants. Gibber-
ellin generally promoted flowering only when the plants were
subjected to long days, although extensive stem elongation.
without flowering, occurred subsequent to treatment of plants
subjected to short days.

Effects of Gibberellin on Biennial Suear Beels Grown at
Varitous Photoperiods and Temperalures—Seeds of US 400 were
sown January 2. 1958, and the seedlings grown in flats of ver-
miculite as in the previously described 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 the previous experiment, two flats of 10 plants each
were employed for each treatment.

Figure 2.—Effects of gibberellin and photoperiod on stem elongation
and flowering in US 400 biennial (top) and SL 9460 annual (bottom) sugar
beets. Left to right: 9-hour photoperiod; 9-hour photoperiod -+ gibber-
ellin; 18-hour photoperiod: and 18-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.
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= Range Mean
{°F.} (Hours) (Days) (Percent) (Centimeters)
55 9 —_ No Flowering 0 No Stem Elongation
+ No Flowering 0 21 o 77 54
12 — No Flowering 0 No Stem Elongation
+ No Flowering ] 380115 67
18 - 96 to 115 65 0to 105 60
+ 90 to 125 80 28 to 155 95
55 9 — No Flowering 0 No Stem Elongation
- 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 18-hour
photoperiod. At 55° F. and an 18-hour photoperiod, flowering
was slightly accelerated by gibberellin, and there was an increase
in the percent of plants which fAowered. 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 18-hour photoperiod
(Table 3). Normal seedballs were subsequently produced by
plants in which Howering 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 (18-hour) photo-
period. At an 18-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 (18-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; B—65° F. plus gibberellin; C—55° F. minus gibberellin;
D—55° F. plus gibberellin. Within each group (A, B, C, D), the plants 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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