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Control of the reproductive behavior of sugar beets is an
important economic problem. Bolting must be held to a min-
imum for economic sugar production. Seed must also be grown
to plant the large acreage needed to produce our sugar. The sugar
producer wants a non-bolting variety. The seed producer wants
a variety that goes to seed easily. Since one -acre of sced beets
will produce enough seed to plant 200 to 300 acres for sugar
production, the tendency is to produce non-bolting varieties.
Judicious choice of seed-growing areas having proper climatic con-
ditions has helped in seed production. Cultural practices that
augment the natural climate by improving the microclimate for
the beet has also improved seed production.

The discovery that gibberellic acid, in very low concentra-
tions, has a profound effect on the reproductive behavior of many
plants has stimulated renewed efforts toward chemical control
of the reproductive development of sugar beets. An effective
chemical control of reproductive development in the sugar beet
would be of great value to both seed and sugar producers.

Lang (3)* reported that the thermal induction requirements
of a biennial variety of Hyoscyamous was apparently [ulfilled by
small amounts of gibberellin or gibberellic acid. Wittwer et. al.
(6) and Marth et. al. (4) have reported the cffects of gibberellic
acid on a large number of plants. Seedstalk production was
usually erimulatcd although in some species flowering was not
advanced. Gaskill (1) found that the behavior of beets was
rather erratic as far as flowering was concerned. Gibberellic acid
reduced the thermal induction requirement of non-bolting sugar
beets but did not consistently induce flowering without cool
temperature exposure.

Phinney (5) has reported a striking response of some dwarf
mutants of maize to gibberellic acid. Other dwarfs failed to
respond. Kato (2) reported that stem sections from the third
internode of etiolated peas respired about 20 percent more
rapidly when treated with gibberellin. Water uptake was also
increased by gibberellin.  However, this stimulation was not
observed in sections, from the first and second internodes.
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2 Numbers in parentheses refer to literature cited.
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Experimental Results

Seed of a bolting-resistant inbred line NBI1 was planted in
the greenhouse in the fall of 1956. The young plants werc grown
in 3-inch aluminum cylinders during much of the winter then
repotted to 6-inch pots before the experimental treatments werc
begun. On January 14, 5 lots of 5 plants each were placed under
continuous illumination. Gibberellic acid solution was applied
at weekly intervals to the growing points of the plants by means
of a pipette. The treatments were: check, 10 pg., 25 pg., 50 pg., and
100 pg. per plant per weck until March 11, when all concentra-
tions were increased tenfold. One plant I_h(ll, had received 100
pg. per weck had started to bolt March 11, and the grooves of
the petioles of the treated plants were noticeably lighter in color
than the check, indicating some tendency towards bolting. The
data in Table 1 show the bolting response after the concentra-
tions were increased. Only 1 plant in the lot that received 250
pg. per week from March 11 failed to bolt by April 15. None
of the check plants bolted. Most of the seedstalks were semi-
vegetative.

Table 1.—The Effect of Gibberellic Acid on the Bolting of a Non-Bolting Variety of
Sugar Bects (NBI) Selution Applied o Growing Point by Means of a Pipette.

Percent Bolters at Dates Indicated

Micrograms Jeal 3 Lk, x

per Plant 3/11 3/18 3/25 4/2 4/8 4/15
0 Check 0o 00 00 00 00 00
100 00 20 20 60 80 100
250 00 a0 20 40 60 80
500 00 20 60 100 100 100
1000 20 10 80 100 100 100

1 Preliminary applications of gibberellic acid were made on the following dates at 1/10 of
the amounts reported in the table: January 21, January 28, February 4, February 11, Febru-
ary 25, and March 4, 1957. These preliminary applications apparently had some effect on
bolting; e.g., 100 pg caused 207, of the plants to bolt by March 11, 1957.

Another test with similar beets was started April 22. By June
10 all 10 of the beets that received weekly foliar spray of gib-
berellic acid (500 p.p.m.) had bolted. However, only 1 of the
10 produced a normal seedstalk. All of the check beets remained
strictly vegetative.

Seed of 2 closely related dwarf-mutant sugar beets developed
by G. W. Deming and propagated by V. I. Savitsky were planted
in the fall of 1956. They were transplanted to 3-inch aluminum
cylinders January 28. Eight lots of 5 plants each were selected
and given treatments as indicated in Table 2. Cardboard shields
and cloth towels were used to prevent drifting of the spray to
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adjacent rows of plants. The treatments were applied weekly
beginning February 26. The response was very rapid. Within 2
weeks of the first application 4 of the 5 plants receiving the highest
concentration had developed seedstalks. There was some bolting
in those lots receiving only 50 p.p.m. spray. Even 5 p.p.m. of
gibberellic acid spray showed some response by March 25. The
bolting data and average height of seedstalks are shown in Table
2 and the appearance of the plants April 10 can be seen in Figure
1. The normal height of scedstalks in these dwarls is only 5 to
10 cm.

Figure 1.—The
ctfects of gibberellic
acid applied as a
spray to dwarl sugar
beets. Spray was ap-
plied in concentrat
tions (p.p.m.) indi-
cated at weekly in-
tervals begmmng
February 26. Photo-
graphed April 10,
1957.

Filteen beets of each of 4 varieties of field-grown beets were
treated with gibberellic acid August 30, September 5, and Sep-
tember 24, 1956. The next 15 beets in the same rows were left
as checks. By means of a pipette, 1 mg. of gibberellic acid in
1 ml. of solution was applied to the growing point of each plant
on each of the three dates. Three of the 4 varieties showed
definite crown e1011qaurm~. or short vegetative seedstalks at harvest.
One inbred line, C'T7, apparently failed to respond reproduc-
tively to gibberellic acid. The data in Table 3 show that there
was a consistent average increase in weight, although not quite
significant at the 5 percent level, due to the gibberellic acid. The
sucar percentage was reduced and the respiration rates of solid
cylinders of tissue from the treated beets were significantly lower.
Previous studies, however, have shown a positive correlation
between sugar percentage and respiration rate. The reduced
respiration rate, therefore, may be due to the lower sugar per-
centage rather than any direct effect on respiration rate of root
tissue.
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Table 2.~The Effcct of Gibberellic Acid on the Growth and Boelting of 2 Dwarl Mutant
Sugar Beet, Dr. Savitsky’s Numbers 7943 and 7944, Spray Applicd to Foliage at Weekly
Intervals Beginning February 26, 1957,

Bolters Peveent and Average Height at Dates Indicated
Spray Cone

cenwation  3/11  8/18  3/25 42 4/8 15 e

Popo o o “, e Cm. L Co, “ Ty, o Cm.
00 check 0 {} { [} 1.0 20 .4 0 1K {1 4.8
5 0 0 40 10D 6 160 IZe 100 981 100 40
10 0 0 40 o 24100 T2 e 1sa o pee
50 920 60 60 GO B 166 Q0.8 100 0.0 10 380
106 60 80 100 100 204 100 310 100 463 100 522
500 a0 RO 80 100 RS 100 510 100 433 100 s
1000 80 8D 100 100 268 100 356 100 324 100 642
2000 B0 100 IDU 100 236 L0 366 100 530 100 688

CWet folivee of adjacent planis spraved with 5 popann concentration may have canused
SOMC PESPTNG.

Table 3.—Effect of Gibbercllic Acid on Growth, Chemical Composition, and Moraholism
of Fickd-Grown Sugar Beets, One myg. por Plant Applicd to the Growing Point 8/80, 8/3,
and H4/24/56.

Resp. Suga

Treat- Raoat Sugar Ao Na K CO/ per
Vartety ment Weight Y Kg/hr. Beet
[T A y P.opom /10 My, G,
30-157 (CT5) Cib, 1541 1543 0.27 44 241 74 248
Check [RE 3 [6.61 041 32 260 92 210
50-158 (CT8} Gib. 1420 15.80 044 20 258 75 284
Check 1218 16,89 0.50 23 205 B 220
57-178 Gib. LE2S PLe7 1.00 11 264 67 165
Check 874 16.77 bl 9 245 81 [E
Uy 41 il 200506 12,04 .52 104 RES4 71 240
Check 1996 13,34 0.82 72 395 7% 264
Aviall varfeties Gib. INEN? 150 (.60 15 IRG s
Check L3706 15,00 0.73 51 209 81
Caleulated 1 value 3.00 6.03 2.19 2,25 3.20
Stgniticant 1 value a0y = B18
v 581

[

A group of plants of the vigorous curly-top-resistant hybrid
H5070H3 were separated into 2 lots of 7 plants cach, One leal
was taken from cach beet for respiration rate measurement and
analysis April 15, 1957, Immediately after sampling, 1 lot was
sprayed with gibbevellic acid (500 p.pan) and the other lelt

as check. The sprayed fot was again sprayed the Jollowing day
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alter sampling. The data in Table 4 show that gibberellic acid
had lttle ov no effect on the dry weight ol tissue, total nitrogen
percentage, or respiration rate of the dises cut from the leaves,
when based on fresh weight, dry weight, or per unit of total
nitrogen content. The data were somewhat erratic but it seems
safe to assume there was no great change in behavior due o the
gibberellic acid treatment. Previous studies with Jeal dises placed
in different concentrations of gibberellic acid solutions in the
Warburg vessels during respiration rate measurements showed
the same Iack of consistent differences.

Table 4.—The Effect of Gibbercllic Acid on the Metabolisra of Sugar Beet Leaves.
Plants Sprayed with 500 p.pan. Solution aftey Sampling April 15 and 16, 1957,

Respiration Rute, §: pey gm. per by,

Days Total N o Based on:
rate from Treat- Dry (Dry o
Start ment Substance  Tissue) Fresh wt. Dry wt. mg, N

- BN wl 1l ul

4/15 0 Laib. M 150 el
Chieek 12.52 174 1378

4/16 1 Caily, 12,08 5.60 197 {520 42.4
Chock 12,52 G319 183 1458 48.5

/17 2 Gib, 15.47 3.50 186 1384 38.7
Cheek 13,46 367 192 1422 38.8

4/18 3 Gib. 12.86 109 167 1208 81.7
Check 1246 3.89 172 1876 34.5

/19 4 Gih, 15.08 4.47 169 1289 2.4
Check 13.54 4.28 177 1508 30.6

4722 7 Gib, 12.86 .56 179 1302 50.6
Check 13.64 4,42 182 1330 30.4

Summary

1. Gibberellic acid, applied to the foliage as a épmy or o
the growing points of sugar beet plants, usually initiates bolting
in most varictics; however, normal flowering and seed produc
tion Is very crratic unless biennial varieties arve also subjecred
to cool temperatures,

2. Two dwarlf mutant sugar beet strains developed seedstalks
rapidly and many times their normal height when sprayed with
dilute solutions ol gibbercllic acid. Seed production was appar-
ently normal.

3. Gibberellic acid applied to the growing points of feld-
grown, large sugar beets. reduced the sugar percentage and res-
piration rate of root tissuc. The treatment also probably increased
the weight of the roots.
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4. Gibberellic acid applied as a foliar spray to the leaves
apparently had little or no effect on the dry weight, total nitrogen,
or respiration rate of discs cut from the treated leaves within
onc week of treatment.
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