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ABSTRACT

This experiment was carried out to evaluate the dfect of the honeybee pollination in the production and quality of
soybean seeds (Glycine max L. Merril). Seed production was higher (P=0.0001) in covered areas with honeybee
colonies (50.64%) and urcovered areas (57.73%) thanin covered areas withou honeybee lonies. It could be
concluded that honeybees were resporsible for 95.5% of thepollination accompli shed by insects. The pod number in

covered treatment with honeyleeswas 61.38% higher (P=0.0002 than in he overed treatment without honeybees.

The average weight of 100 seedswas larger (P=0.0001) in the area covered withou honeybees, and reached 17.8 g
The medium content of crude protein in grains was 36.7% and the average oil content was 20.2%. The germination
test did not show differences (P>0.05) among the seeds in dfferent treatments. It was concluded that the horeybee
padlination in the soybean increased the seeds production.

Key words. Apis mellifera, soybean, Glycine max, honeybees, pollination, seed production

INTRODUCTION

The soybean (Glydne max L. Merril) is one of the
most cultivated grains in the entire world. In the
United States the crop had an estimated value of
US$ 16490,700000.00 in 1998 (Morse and
Calderone, 2000. About 10% of this production
was by pdlination made by insects and 50% by
Apis mdllifera L. The estimated benefit was US$
824,500,000.00 to the agriculture. Soybean flower
structure ensures to the horeybees the harvesting,
favoring the pollen transference and the
production increasing (Erickson and Garment,
1979. Other authars like Morse and Carter (1937,
Rubis (1970 corsidered the soybean like

autogamic.

" Author for correspondence

Sdf-pollination can accur in some plants, without
the necessity of the action of pdlinator, while
other nedds to receive pollen o other plants of the
same species. However, auto-fertility species can
benefit from crosspdlination, ensuring higher
productions (Crane and Walker, 1983. Paiva
(2000 observed in experiments with sunflowers
(Hdlianthus annuus) increase in the sedls
production (78.37%) when compared with plants
without accessto the pallination made by inseds.
Juliano (1976 reported in the pollinated soybean,
increase the pods number (37.95%), and the pods
average weight (39.85%) rdated to the non
pallinated (control), to the Santa Rosa variety.

Accordingto Issa e al. (1984), the honeybee is an
efficient pdlinator for some soybean varieties
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which resulted an increase in the seed production
(95%) and 81% to the varieties IAC-5115 and
IAC-3, respectively under the same condtions.
The soybean plants, v. IAC-114 showed increase
in the pods number (58.58%) and sedds (82.31%)
when \isited by the horeybees (Moreti & al.,
1998. Erickson (1975, Abrams et al. (1978 and
Erickson et al. (1978, working with G. max,
found an increase of 5 to 20% in the soybean
production with the colony collocation o A.
mellifera in experiments with cages. Poalli nation
studies of legume forages showed that in the
culture of perennial soybean (G. wightii) there was
an increase in the pod production (55.8%) and
sedals (44.7%) in the presence of A. mdlifera
(Nogueira and Pereira, 1983 Nogueira-Couto &
al., 1998. This sgudy was carried aut to evaluate
the production and quality of seeds obtained in
different pdlination systems in soybean (Glydne
max Merril) culture, variety BRS-133 and lot
710B in Maringa-Parana, Brazil .

MATERIAL AND METHODS

The periment was carried aut ina 15 ha field o
soybeans variety BRS-133 Pollination cages were
made of nylon screen o 2 x 2 mm, supported
by pipes of ¥ of inch in PVC, forming cages of
four meters width, six meters length and two
meters height in the highest part, on an area of
24m?* (Fig. 1).

The soybean crop was harvested after 122 days
and was monitored with particular attention during
the blooming. The treatments were: (a)- uncovered
areas, 24 m’ ead), demarcated with colored
ribban; (b)- covered area with horeybees, one
colony of five combs and (c)- covered area
without horeybees. Each treatment replicated five
times. The areas chosen for study were demarcated
at random in the soybean field and the cages were
put immediately before the beginning o blossom
and when the last blossom closed.

The seal production was obtained through the
clean, classfication and weight of grains colleded
in the central area of each plot (12 m?) in all
treatments. Samples were collected at random
from 35 soybean plants in each plot to dotain the
average of number of pods and seeals in each pod
in each harvested plant of the three treatments. The
evaluation o average weight of seeds was made
through weights of 100 seals (five replications).
The germination test of the seeds was made as

described in Ministério da Agricultura (Brasil,
1986. The crude protein analysis and ether extract
of the soybean grains were made according to the
methods of Silva (1990.

The data were statistically analyzed according to
completely randomized design. After analysis of
variance, averages were compared by Tukey's test
(Pimented Gomes, 1990, using the GLM
procedure of SAS (Sas Institute, 1998.

Figure 1 - Pollination cage mode used in the experiment
with dimensons4 mx 6 m.

RESULT S

Table 1 shows production in the experimental area
(production/plant (g), production/ha (kg) and
sacgha in different treatments). There was no
difference (P>0.05) among the uncovered area and
covered area with horeybees. However, in
(P=0.0001) covered area without horeybees.
Estimated production was 2,394.58 kg'ha or 39.91
sacg’ha. The production in covered area with
horeybees was 50.64% higher than in covered
area without honeybees or, 20.21 sacs’ha more.

In the opened area, fredy visited by insects, the
increase in the seed production rdated to the
treatment covered without horeybees was 57.73%,
or 23.04 sacg/ha. The pods and seeds number in
uncovered area, covered with horeybees and
covered without horeybees, presented diff erences
between themselves (P=0.000]) (Table 2).

The pod rumber in covered area with horeybees
was 61.38% higher (P=0.0002 than in the covered
area without horeybees, and this was 90.71%
smaller than dbserved in free treatment. In areas
where A. mdlifera was responsible for the
pallination there was an increase of 58.86% in the
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number of seeads in comparison to the treatment in
that pollination was not alowed. It could be
observed from Table 3 that the average weight of
100 seals did not differ between the treatment
uncovered and covered with horeybees (P>0.05),
however, these treatments were inferior to the
covered without horeybees (P=0.0001).

The results of the seeds germination test in three
treatments are presented in Table 4. The
germination percentage did not differ (P>0.05)
between the treatments. Meanwhile, the normal

plant number was superior (P=0.0001) in
uncovered area, in relation to the treatments
covered with horeybees and covered without
horeybees.

Table 5 shows the results of bromatologcal
analysis of seals sampled in threetreatments. There
was no dfference (P>0.05) between the treatments.
Crude protein content and ether extract were in the
normal rate to the soybean gain. The average
content of crude protein in the seads was 36.69 +
1.08% and d ether extracts 20.24 + 1.12%.

Table 1 - F values with respedive probability (P), coefficient of variation (CV%), production (g) of 12 m?
production (g/plant), production in kg/haand poduction of sacs/ha of soybean Glycine max, variety BRS-113

Variation source Production in Production/ha Production
12m?(g) (kq) (sacs/ha)

Treatments 10005 P=0.0001 10005 P=0.0001 10005 P=0.0001

CV % 3.45 345 345

Uncovered area 453240 a (+£169.71) 377700 a (+141.43) 6295 a (x237)

Covered areawith 432860 a (+133.40) 360717 a (*111.17) 6012 a (x185

honeybees

Covered areawithout 287350 b(+ 80.00)
honeybees

239458 Db(+ 65.00) 3991 b (+2.00)

Averages foll owed by different smal letters, in the same wlumn, are different by Tukey’ s test (P<0.05)

DISCUSSON

There are a few studies on padllination in
soybean. For example Erickson (1975 19849
found an increase from 5-20% and Issa et al.
(1984 from 9-81% for two varieties IAC-5115
and |AC-3, respedivdly.

The results found in own expeiment
corresponded to a reduction o 4.5% in the area
with free visits in relation to the covered area
with horeybees. These results siggested that the
pdlination made by insects, in particular A
mellif era, was responsible for the increase in the
productivity.

In the treatments with pdlination made by
horeybees A. mellif era, the average increase in
the pods number was 6138% and d seels
58.86%. These results are similar to these found
by Moreti et al. (1998, 58.58% in the pods
number and 82.31% in the seads number and by
Nogueira-Couto and Peera (1983 and

Nogueira-Couto & al. (1998, 55.8% in pod number.
But these results are superior to the ones found by
Erickson (1975 and Erickson et al. (1978 that
obtained income between 5 and 20% in the seeds
number and Juliano (1976 that found in variety
Santa Rosa an increase of 37.95% in the pod
numbers. Increasing in the seeds number in covered
area with honeybees and uncovered area in relation
to the place setting without horeybees were not
followed by the increase in average weight of the
sedds.
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Table 2 - F values with the respedive probahility (P), coefficient of variation (CV%) of average number of pods and
sedls counted from samples of plants of soybean Glycine max, variety BRS-133

Variation source | Number of pods | Number of seeds
Treatments 9.98 9.58
P=0.0002 P=0.0002
CV% 30.06 3040
Uncovered area 49.87 a* 11101a
(£ 13.00) (£28.71)
Covered with honeybees 4083 b 90.71 b
(£ 13.88) (£ 31.90)
Covered without honeybees 2530 ¢ 57.10 c
(+7.69) (+ 15.74)

Averages foll owed by different smal letters, in the same wlumn, are different by Tukey’ s test (P<0.05)

Table 3 - F values with respedive probahility (P), coefficient of variation (CV%) and weight of 100 seeds in (g) of
soybean Glycine max, variety BRS-133

Variation source | Weight of 100 seeds(Q)
Treatments 3365 P=0.0001
CV% 5.27
Uncovered area 1526 b(x095)
Covered with honeybees 1537 b(x064)
Covered without honeybees 1780 a (£091)

Averages foll owed by different smal letters, in the same wlumn, are different by Tukey’ s test (P<0.05)

Table 4 - F values with the respedive probability (P), coefficient of variation (CV%) and the percentage of normal
plants, abnormal plants, dead and the percentage of soybean Glycine max seeds germination, BRS-113variety

Variation source | Normal (%) | Abnormal (%) | Germination (%)
Treatments 10.25 P=0.0001 842 P=0.0005 31 P0.1052
CV% 5.25 1487 928
Uncovered area 0.68 + 0.30 a* 027+041 b 1.32+0.12
(39.30 + 2.98)** (7.10 £ 2.09) (92.80+ 472)
Covered with 0.64+040 b 0.28+ 040 a 1.27+0.13
honeybees (36.13 + 390) (8.75 + 2.40) (89.75 + 6.33)
Covered without 0.63+031 b 032+ 034 a 1.27+0.09
honeybees (35.13+ 373) (10.13+2.10) (9050 + 4.75)

* Mean foll owed by different small ldters, in the sme @lumn, are different by Tukey’ s test (P<0.05)
* * Numbers between parenthesis show the not transformed means and the standard error

Table5 - F values with respedive probahility (P), coefficient of variation (CV %) and the percentage of protein and
ether extract in the soybean seals Glycine max, variety BRS-133

Variation source | Protein | Ether| extract
Treatments 0.73P=0.5124 013 P=0.8828
CV% 3.08 6.09
Uncovered area 36.24 (£ 1.30) 2022 (x1.70
Covered with honeybees 37.01 (x 0.93) 2014 (x0.40
Covered without honeybees 37.27 (+ 0.89) 20.82 (+0.86)
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These seeds were 13.96% heavier in covered area
without horeybees, when compared with aher
treatments. These results disagree with Levin
(1983 and Malerbo-Souza (1996 that reported
seals and fruits larger and heavier, with more
sweetened flavor, when resulting o cross
pdlination made by insects, but they are in
agreement to Favaro and Nogueira-Couto (2000
that found an increase of 15.45% in the medium
weight of the sedls in the treatment in which the
plants did not receive visitation o insects.

The largest weight found in seals originated by
auto-pdlination could be consequence of a larger
amount of nutrients available for ther
development. Like this, the total weight of a high
number of smaller seads was uperior to the total
weight of bigger seads in small number. This fact
suggested that could be an excess of nutrients in
the plants of the covered area without honeybees,
as because of the ladk of padllination and deaease
in the fertilization, it would not be possble to use
these reaourses that result in low productivity.
There are soybean varieties that can be benefited
by the inseds through the pdlination
(Erickson, 1975 1984 Issa et al., 1984 Moreti et
al., 1998, increasing the productivity.

The A. mdlifera honeybees were dficient to
accomplish the crosspollination works in the
soybean flower and their uses in the agriculture
bring considerable gain. The utilization o A.
mellifera as pollinators in the soybean culture
cultivated in big areas is na common in Brazil,
but the beehve demand s big.
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RESUMO

Este perimento teve como dbjetivo avaliar a
polinizacdo realizada pdas abehas na producéo e
gualidade das smentes da soja (Glycdne max L.
Merril) na regido de Maringa&PR. Os tratamentos
constituiram de é&reas demarcadas de livre

visitagdo por insetos, areas cobertas por gaiolas
com uma colénia de abelhas (Apis mdlifera) e
plantas também cobertas por gaiolas que
impediam a visitagdo por insetos. Todas as &reas
posauiam 24 m? (4 mx 6 m), com cinco repeticdes
cada. A producdo de sementes foi maior
(P=0,000)) nas &reas cobertas com abehas e de
livre visitagdo com um incremento na
produtividade de  50,64% e 57,73%,
respectivamente, em relagdo a area coberta sem
abdhas. Pode-se considerar que as abehas A.
mellifera foram responsaveis por 955% da
polinizacdo realizada pelos insetos no tratamento
livre. O nimero de vagens no tratamento coberto
com abelhas foi 61,38% maior (P=0,0002 do cque
no coberto sem abelhas. Onde as abehas A.
mellifera foram responséveis pda pdlinizagdo
cruzada, houve um aumento de 58,86% no nMimero
de sementes em relagdo ao tratamento onde ndo foi
permitida a polinizagdo redlizada por insetos.
Entretanto, 0 peso médio de 100 sementes foi
maior (P=0,0001) na &ea coberta sem abelhas,
atingiu um peso médio de 17,80 g, mostrando que
plantas com menor producdo formaram sementes
maiores. No tratamento livre, o peso médio de 100
sementes foi de 15,26 g e no coberto com abelhas
foi de 15,37 g. O teor médio de proteina bruta no
grao foi de 36,69% e a média do teor de dleo foi
de 20,24%. O teste de germinagcdo néo mostrou
diferencas entre as wementes nos diferentes
tratamentos. Pode-se concluir que as abdhas A.
mellifera foram €ficientes no trabalho de
polinizacdo na soja, proporcionando um aumento
considerdvel na producdo de gréos e estes
resultados reforcam a necessdade do uso dbs
abdhas A. mellifera para devar a produtividade da
soja.
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