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ABSTRACT: Soybean is an important crop in Brazil. Nonetheless, there are no reports on the use of plant
growth regulator potential in relation to this crop in the national literature. To better understand the role of
these compounds, a pot experiment was carried out to study effects of GA, and cytokinin on the vegetative
growth of the soybean. GA, (50 mg L’ ") was applied as seed treatment, leavmg plants with water application
as control. GA, (100 mg L’ ) and cytokinin (30 mg L") were sprayed on leaves at the physiological stage V3/
V4, and 15 days after, cytokinin (30 mg L™), also as foliar spray. Seed treatment decreased plant emergence
and initial soybean root growth, but as the season progressed, differences in root growth disappeared; plants
were shorter, and presented a decrease in the number of nodes, in stem diameter, in leaf area and in dry matter
yield. Conversely, foliar application of GA, led to an increase in plant height, first node height and stem
diameter. Leaf area and dry matter productlon also increased as a result of GA | foliar application. There was
no effect of exogenous gibberellin and cytokinin on the number of soybean leaves number of stem branches
and root dry matter. Joint application of gibberellin and cytokinin tended to inhibit gibberellin effects. Cytokinin
applied to leaves during soybean vegetative growth was not effective in modifying any of the evaluated plant
growth variables.
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GIBERELINA E CITOCININA NO CRESCIMENTO DA SOJA

RESUMO: A soja ¢ uma das principais culturas no Brasil, porém ndo ha relatos do potencial de utiliza¢ao
dos fitorreguladores nessa cultura na literatura nacional. Para saber mais sobre estes compostos, um
experimento em vasos foi conduzido para estudar o efeito do GA, e citocinina (CK) sobre o crescimento
vegetativo e floragdo da soja. GA, (50 mg L") foi aplicado como tratamento de sementes. Plantas somente
com aplicacdo de dgua foram aplicadas como controle. Foram feitas duas aplicagdes foliares, sendo na
primeira aplicado 100 mg L™ de GA,, associado ou ndo a 30 mg L' de CK, e na segunda 30 mg L' de CK.
O tratamento de sementes diminuiu a emergéncia de plantulas e o comprimento de raiz, porém, com o
decorrer do experimento, a diferenca no crescimento radicular desapareceu. Além destes efeitos, as plantas
foram menores e apresentaram uma diminui¢ao no niimero de nds, didmetro de caule, area foliar e produgdo
de matéria seca. A aplicagdo foliar de GA | aumentou a altura da planta, altura do primeiro n6 e didmetro de
caule. A area foliar e a producao de materla seca também aumentaram com a aplicacdo foliar de GA,. Nao
foi verificado efeito de GA, e CK exdgenas sobre o nimero de folhas, niimero de ramificagdes e materla
seca da raiz. A aplicagdo conJunta de giberelina e citocinina tendeu a diminuir os efeitos da giberelina.
Citocinina aplicada as folhas durante o crescimento vegetativo da soja, ndo apresentou efeito sobre quaisquer
varidveis analisadas.
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INTRODUCTION

Plant regulators are organic compounds
which, in small amounts, somehow modify a given
physiological plant process and rarely act alone, as
the action of two or more of these compounds is
necessary to produce a physiological effect. Gibberel-
lins (GAs) play an essential role in many aspects
of plant growth and development, such as seed germi-
nation (Haba et al., 1985, Khafagi et al., 1986, Kumar
& Neelakandan, 1992; Maske et al., 1997), stem
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elongation and flower development (Yamaguchi &
Kamiya, 2000).

They are extensively used to manipulate flower
formation and fruit set in horticultural plants. When ap-
plied at the pre-blooming stage, GAs decrease the num-
ber of flowers and fruit set, probably by increasing veg-
etative mass which, in turn, shares the photoassimilates
with the fruit (Birnberg & Brenner, 1987). This hypoth-
esis is also sustained by King et al. (2000), who reported
greater stem growth in Fuschia hibrida and Pharbitis nil,
resulting in the inhibition of flowering.
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Cytokinins (CK) are known to stimulate or inhibit
a great number of physiological processes. For soybean,
however, great variability can be observed in reported re-
sults. These dissimilar results primarily occur because of
differences between concentrations utilized and differ-
ences in the physiological stages at which these products
are applied. CK can be utilized in a variety of applica-
tions, from the treatment of seeds (Riedell et al., 1985)
to applications during flowering (Dyer et al., 1986), and
the same is true about GA (Khafagi et al., 1986; Urwiler
et al., 1988; Maske et al., 1997).

Since the international literature on the subject
presents many conflicting results, and no papers could be
found on the utilization of GA and CK for soybean in
Brazil, where the potential of these plant regulators is sel-
dom used in annual crops, the objective of this work was
to study the effect of products containing GA and CK ap-
plied at different physiological stages during soybean
growth.

MATERIAL AND METHODS

The experiment was carried out in a greenhouse
using the soybean cultivar IAC 17, in 12-L capacity pots
filled with a Typic Acrortox, sifted through a 4 mm mesh
sieve. Results of soil chemical analysis, according to Raij
& Quaggio (1983), are: 4.4 pH in CaCl, 13 mg dm” P
in resin, 55 mmol_ dm™ H+AL 2.5 mmol dm™ K,
24 mmol_dm™ Ca”, 14 mmol_dm~ Mg"”, and 42% base
saturation. Acidity corrections were performed with do-
lomitic lime, increasing the base saturation to 70%, and
fertility corrections consisted of single superphosphate at
a rate sufficient to reach 150 mg dm™ P and potassium
chloride to reach 3.5 mmol dm” K. Based on the fertil-
ity history of the area from where soil was collected,
1 mg dm™ zinc as sulfate, and 0.5 mg dm™ boron as bo-
ric acid, were added.

Treatments consisted of a 50 mg L GA, solu-
tion, as utilized by Kumar & Neelakandan (1992) and
Maske et al. (1997), as seed treatment, and as foliar ap-
plications (two) with solutions containing 100 mg L™ GA,
and 30 mg L' CK as PB2 N-(Phenylmethyl)-9-
tetrahydropyranyl-6-aminopurine, combined or not.

After immersion for eight hours in GA, solution
or distilled water, both under forced aeration so as to
maintain the respiration process, seeds were inoculated
with Bradirhyzobium japonicum in peat (10 g kg seeds)
and 15 seeds were placed in each pot at a mean
depth of 1 cm. After sowing, the soil in the pots was
covered with a 2-cm deep layer of thick sand to help
emergence, avoid the formation of a crust and alleviate
variations in temperature. The number of emerged plants
was evaluated 15 days after sowing, followed by thin-
ning, leaving two uniform and representative plants per
pot.
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Foliar applications were performed when the
plants had between three and four completely unfolded
trifoliolate leaves, and fifteen days later, when plants had
between five and six completely unfolded trifoliolate
leaves. A low volume sprayer connected to a pressure
regulator was utilized, delivering constant pressure and
volume, and 1 mL of the solution was applied per plant.
Control plants were sprayed with distilled water.

Evaluations were performed at three different pe-
riods: immediately before the first foliar application; im-
mediately before the second foliar application; and 30
days after the second evoluation, when plants were at
physiological stage R3 (legume with 0.5 cm in length at
any of the upper four nodes having a completely unfolded
leaf). The following variables were analyzed at each sam-
pling: plant height, height of first node, root collar diam-
eter, leaf area (area of all leaflets, measured with a leaf
area integrator), dry matter mass, root length determined
by the Tennant’s (1975) method, number of leaves, num-
ber of branches, number of nodes and length of branches.

To obtain root dry matter mass, the root was di-
vided into two still fresh portions, that were then weighed.
One portion was kept for 3 days in a forced air circula-
tion oven at 60°C and then weighed again; the other was
placed in plastic containers filled with 50% alcohol and
taken to a refrigerator for length assessment. The total
mass was estimated through the ratio obtained between
the wet and dry portions.

The experiment consisted of twelve treatments
with four replicates, and each plot consisted of a pot con-
taining two plants. The adopted experimental setup
was a completely randomized design and statistical dif-
ferences between treatments were detected by Tukey test
(P=10.05).

RESULTS AND DISCUSSION

Even though an increase in the number of leaves
was verified after treatment with GA, by Castro et al.
(1990) for bean plants, and by Harb (1992) for Vicia faba,
similar results were not obtained in the present work for
soybean (data not shown), as well as for pea by Saimbhi
et al. (1975). This demonstrates that comparisons between
different species should not be made, because the re-
sponse could be related either to the different application
techniques and rates (King et al., 2000), or to the utilized
soybean cultivar (Nalawadi et al., 1973).

An effect of CK on the evaluated variables was
expected, but not observed, e.g. number of leaves and
branches (not shown) which did not present any effect
related to CK. Maybe CK is involved in the development
of leaves and branches in plants under adverse conditions,
such as low luminosity, as demonstrated by Sharma &
Walia (1996), or high aluminum concentration, as shown
by Pan et al. (1988; 1989).
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The number of plants that emerged 15 days after
sowing decreased for the treatment GA, in seeds (Table
1). The same result was found by Khafagi et al. (1986)
while working with seeds imbibed for 6h in GA, solu-
tions, concetrations ranging from 50 to 100 mg L™, Con-
versely, Kumar & Neelakandan (1992) and Maske et al.
(1997), using the same concentrations, and Haba et al.
(1985) utilizing 0.1 mg L™ GA, and imbibition for three
hours, obtained an increase in germination.

Since seeds in the control treatment were imbibed
for the same time, under the same conditions, the treat-
ment methodology can not be hold responsible for the
decrease observed in the number of emerged plants. One
of the possible explanations could be the different culti-
vars utilized by the various authors, as demonstrated by
Nalawadi et al. (1973), who utilized 18 different culti-
vars and observed increase in germination in some and a
lack of sensitivity in others, under similar treatment, or

even at much higher concentrations, 0.2 to 1 mg GA, per
seed, as utilized by Riedell et al. (1985).

No difference between treatments were observed
for plant height in the first evaluation (Table 1). Since
GA translocation occurs mainly through the symplast
(Castro & Melotto, 1989), it could be the cause for the
difference between responses, because when GA, is uti-
lized via foliar application, an increase in hypocotyl
length and in the length of the two nodes immediately
above it can be verified and, consequently, affect the
height of plants at that stage (Mislevy et al., 1989).

Exogenous gibberellin applied to seeds may not
translocate much to the aerial part of plants, and this per-
haps occurs to an extent that is enough to increase hypo-
cotyl size, but is insufficient to affect plant height. As a
matter of fact, in agreement with results by Bensen et al.
(1990), demonstrate that the hypocotyl growth rate is di-
rectly associated with the amount of GA.

Table 1 - Results of plant emerged, plant height, first node height, stem diameter, leaf area, total dry matter and length root of
soybean plants cv. IAC 17 under seed treatment with GA, and leaf application of GA, and CK.

Treatments Plant Ple_qnts EN.H.: Diameter Lea TD.M.2 Length
First Evaluation Emerged Height ’ Stem Area Root
TS appli:az;tion applizczlion _________ Cm zmmmmmmees mm o 9 m
No GA, 8.4 a* 17.1 a = 22a 237 a 1.35a 184 a
With GA, 58Db 17.2 a - 21a 237 a 1.24 a 94 b
VC % 8.91 12.12 = 14.08 15.07 19.45 33.62
Second Evaluation
No GA, 66.5 bc 59b 9.3 a 1951 a 14.06 a 199 a
No GA, With GA, 98.5 a 6.1b 9.1a 1984 a 14.52 a 255 a
GA+CK 101.4 a 55b 95a 2183 a 16.41a 266 a
No GA, 55.0 c 86D 7.2b 1328a 8.09 a 190 a
With GA, With GA, 104.0 a 11.5a 8.6 ab 2166 a 16.22 a 294 a
GA +CK 86.6 ab 9.0 ab 76D 1476 a 10.18 a 199 a
VC % 12.73 23.41 7.57 20.86 28.79 31.52
Third Evaluation
No GA, - 108.8 cde 5.1a 13.3 a 4957 a 40.73 a 278 a
With GA, - 139.8 abcd 6.5a 12.8 a 5070 a 39.79 a 289 a
No GA, GA_+CK - 148.3 ab 5.6 a 13.6 a 5010 a 48.99 a 382 a
No GA, CK 113.3 cde 5.6 a 12.8 a 5141 a 41.26 a 307 a
With GA, CK 155.0 a 53a 14.1 a 6094 a 48.90 a 393 a
GA +CK CK 152.3 a 7.4 a 134 a 5759 a 46.65 a 357 a
No GA, - 90.8 e 9.1a 11.8 a 4404 a 37.83 a 315 a
With GA, - 156.0 a 10.0 a 134 a 5326 a 45.54 a 295 a
With GA, GA_+CK - 142.5 abc 8.1la 13.1 a 5122 a 44.06 a 302 a
No GA, CK 104.0 de 7.4 a 129 a 5189 a 39.31a 315 a
With GA, CK 146.0 abc 8.8 a 135a 5858 a 47.86 a 416 a
GA+CK CK 143.3 abc 8.4 a 13.0 a 5240 a 41.08 a 313 a
VC % 11.52 28.27 11.30 20.47 17.40 35.25

* Averages followed by the same letter do not differ; Tukey test, P = 0.05. 'First node height. *Total dry matter.
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The foliar application of GA,, in association or
not with CK, resulted in larger plants in the two other as-
sessments, no matter if seeds were treated or not. The in-
crease in plant stem growth as a response to GA, occurs
as a consequence of cell elongation (El Fouly et al., 1988;
Tanimoto, 1990). Valio & Schwabe (1978) observed nega-
tive interaction between GA and CK on stem elongation
in bean plants. That can also be observed in the results
herein obtained, seeing that both regulators promoted
elongation when used separately, but when used together,
CK inhibited the full action of GA,.

Because of the extensive list of bibliographic ref-
erences on the effect of GA, over hypocotyl elongation, and
the consequent increase in first node height (Riedell et al.,
1985; Mislevy et al., 1988; Bensen et al., 1990; Kumar &
Neelakandan, 1992; Maske et al., 1997), this characteristic
was only analyzed from the second evaluation onward. The
first foliar application of GA, after its application as seed
treatment caused an increase in first node height (Table 1),
providing evidence of translocation through the symplast,
characterized by plant height. The presence of CK together
with GA decreases its action, but it does not differ from
the isolated application of GA. These tendencies persisted
at the third evaluation, but the differences between treat-
ments disappeared, demonstrating that the effects provided
by GA are short-lived, since no effect of the foliar appli-
cation of GA, was observed for this evaluation.

No difference was detected at the first evaluation
with regard to the root collar diameter of plants (Table
1). In the second evaluation, however, the means obtained
for the treatment without GA, as seed treatment were
higher than for treated plants, because hypocotyl growth
was greater in length than in thickness. This smaller di-
ameter occurs because of a decrease in the size of paren-
chymatous cells and a reduction in the layers of cells in
the vascular cylinder (El Fouly et al., 1988). Differences
were not observed in the third evaluation, demonstrating
that plants presenting etiolation symptoms from GA, ap-
plication had recovered.

Since plants that received foliar applications of
GA, were higher, added to the fact that smaller diameters
would be maintained during the entire cycle and could
promote lodging, causing expected field losses at harvest
time. When plants recover their root collar diameter, how-
ever, this possibility becomes less likely.

Greater leaf area means were observed for plants
of treatments with foliar GA,, but there was no difference
between treatments (Table 1). Since these results were
obtained 15 days after application, they are probably com-
patible with those presented by El Fouly et al. (1988),
who found values larger than the control only until 10
days after GA, application. Since the number of leaves
(data not shown) did not present differences with respect
to the applied treatments, the increase in leaf area was
attributed to cell elongation, as discussed before.
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In addition, seed treatment with GA, caused a de-
lay in plant root growth during the first evaluation. Since
root dry matter was not affected as well, it is fair to infer
that the roots of treated plants became thicker because they
had shorter root lengths and similar amounts of root dry
matter (data not shown). The effect of GA, on root growth
is indirect, by means of its effect on the growth of the aerial
part, because of the action exerted by GA, on cell elonga-
tion (Tanimoto, 1990). No difference, however, was found
in dry matter mass for the aerial part (data not shown) that
would justify this smaller growth of the root system, thus
eliminating this hypothesis.

Root thickening is a typical symptom of the
physiological effect of ethylene. Therefore, the length-
shortening effect of GA, on roots might have occurred
because of an increase in the production of ethylene,
caused by an increase in the synthesis of ACC (1-
Aminocyclopropane-1-carboxilic acid) (Kaneta et al.,
1997).

The effect of GA, on the growth of the aerial part
may lead one to believe that, consequently, roots would
grow as well, causing in turn an increase in total dry mat-
ter Tanimoto (1990). This result can be confirmed by
Maske et al. (1997), in seedlings originated from seeds
treated with GA,.

The results presented in Table 1, however, as
well as those obtained by Saimbhi et al. (1975) and
Garcia & Guardiola (1981), follow a different direction.
This difference in results must be attributed to the evalu-
ation which was made at a later time, when the plant
was no longer a seedling, and to the short-lived effect
of the gibberellins, that might have allowed the treat-
ments to be very similar in behavior so as not to reveal
differences.
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