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ABSTRACT

The interspecific oil palm hybrid BRS Manicoré (E. guineensis x E. oleifera) has superior agronomic
characteristics. However, the germination rate is low (30%) and the process is slow when the seeds
are sown in a conventional form. The purpose of this study was to optimize the in vitro germination of
zygotic embryos of this hybrid comparing seed lots. The viability of zygotic embryos was evaluated by
the tetrazolium test (0.075%) for 4 h. The embryos were cultured on MS and Y3 culture media, with and
without the addition of NaH_PO,, as well as on MS, MS’2 and N6 medium. In MS medium containing
NaH_,PO,, the germination rate was increased from 40 to 70% in comparison with the medium without
sodium phosphate. The comparison between the culture media MS, MS 5, N6 and Y3 showed that 75% of
zygotic embryos cultured in the Y3 medium formed whole plants (with roots and shoots defined), a higher
percentage than embryos cultured on MS, MS % and N6 media (46, 35 and 17% respectively). In the
same Y3 culture medium, the embryos were larger (36% > 2 cm and 30% > 5 ¢cm) than in the other media.
Results obtained by the tetrazolium test were similar to those of germination, showing the effect of the
genotype of each seed lot. For the germination and development of plantlets it is essential to add NaH,PO,
to a culture medium containing no phosphate or with a low phosphate concentration.

Key words: interspecific hybrid, sodium phosphate, tetrazolium, Y3.

INTRODUCTION has high production capacity, around 30 ton/bunch/
ha, is immune to fatal yellowing disease (Cunha
et al. 2009) and is smaller than the African oil

palm, which facilitates manual labor. Moreover, it

The hybrid palm BRS Manicoré¢ is the result of

a cross between two species of palm trees, the

African one (Elaeis guineensis) and caiaué (Elaeis
oleifera) that occurs in the Tropical Moist Amazon
(Collares 2011). This interspecific hybrid stands

out from the other cultivars produced, because it

Correspondence to: Keila Alves do Prado Bonetti
E-mail: keilavprado@yahoo.com.br / keilabotanica@gmail.com

produces more unsaturated oil, that is clearer, more
uniform and contains less saturated fatty acids than
the oil of the African palm (Ramos et al. 2006).
However, one of the difficulties of this culture
is the availability of seedlings on a large scale,
as palms have a single meristem and propagation
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by conventional methods is impossible. It is
therefore produced exclusively from seeds (Kiem
1958), which have slow, irregular and often low
germination (Meerow 1991). In some cases,
embryos abort within the seed, preventing their
development (Alves et al. 2011). Thus, only 30%
of the seeds germinate, which complicates the
conventional propagation of palms of economic
interest (Angelo et al. 2007).

The in vitro culture of zygotic embryos can be
a useful tool to reduce the germination time and
provide higher rates of embryos developed into
plants (Lima 2013), as the in vitro culture allows
the removal of physical barriers such as hard
endocarp and facilitates the supply of nutrients to
the developing embryo (Padua et al. 2014). In vitro
germination can overcome this problem by embryo
rescue. In this study we optimized the in vitro
germination of zygotic embryos of BRS Manicoré
hybrid palm comparing various culture media and
various seed lots.

MATERIALS AND METHODS

PLANT MATERIAL

The research was conducted in the Laboratory of
Micropropagation of the Department of Botany -
UFPR, Curitiba, Brazil. The seeds were obtained
from mother plants of the hybrid BRS Manicoré (E.
guineensis X E. oleifera) after controlled crossing
and were supplied by EMBRAPA - Western
Amazonia. The seeds were collected 150 days after
pollination. The hard endocarps were removed and
kernels washed with mild soap and running water.
They were then immersed in 70% ethanol for 5 min
followed by 20 min in commercial bleach (10%
active chlorine v/v) containing 1% Tween-20 and
rinsed four times with sterile distilled water. The
embryos were isolated from the seeds and then
disinfected with commercial bleach (2% active
chlorine) for 5 min and finally rinsed three times in
sterile distilled water.
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TETRAZOLIUM TEST OF SEED VIABILITY

The zygotic embryos were isolated and placed
on moistened Germitest paper, packed in plastic
bags and placed in an oven at 30°C for 16 h. They
were then kept in individual plastic containers
(4 replicates of 25 embryos for each seed lot),
embedded in a tetrazolium solution 0.075% (w/v),
pH 6.5 = 0.1, and placed in a B.O.D at 40°C for 4
h in the dark. After this period, the embryos were
washed with running tap water on a sieve in order
to remove excess salt (Maquiné et al. 2014).

The embryos were evaluated under a stereo-
scopic microscope by observing the degree of col-
oration of the main parts: tigelo and haustorium
and the embryos were classified as either vigor-
ous (capable of germinating) or non-vigorous. This
classification followed staining patterns of oil palm
seeds based on classes established by Maquiné et
al. (2014) and modified by Lima (2013). Class 1:
Viables with high vigor, tigelo and haustorium with
homogeneous red or pink color (Figure 1c); Class
2: Viables with medium vigor, tigelo with homoge-
neous staining and haustorium with lack of staining
(Figures 1d and e); Class 3: Viables with low vigor,
tigelo and haustorium areas without staining (Fig-
ures 1f and g); Class 4: unviable and dead, tigelo
and haustorium without staining (Figures 1h and
i). The viability of embryos was calculated as the
mean vigor of classes 1 and 2.

GERMINATION in vitro OF ZYGOTIC EMBRYOS

Embryos of lots CS 428, CS 735, CS 736, CS 1139,
1477 CS, CS 1681 were inoculated in test tubes of
15 cm in height and 2.5 cm in diameter, containing
15 ml of culture media. In a first experiment, four
culture media were used: 1) salts and vitamins of
Murashige and Skoog (1962) (MS), 2) half strength
MS medium, with half concentration of salts and
full vitamin formulation (MS1/2) with 500 mg.L"
" of cysteine, 3) Y3 medium (Eeuwens 1976), 4)
and N6 medium (Chu et al. 1975) with 100 mg.L"
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" of myo-inositol. In the second experiment MS
medium plus NaH,PO, (0.17 g/L") and the same
media without NaH,PO, were compared. The same
comparison was made in the case of Y3 culture
medium. All media were supplemented with 2 g
L™ activated charcoal (AC), 30 g L' sucrose and
solidified with 6 g L' agar (Vetec). The pH of the
culture media was adjusted to 5.8 with NaOH 0.1
N or HC1 0.1 N and the media were autoclaved at
120°C for 20 min. Activated charcoal was added
along with agar, after pH adjustment.

After inoculation, the cultures were maintained
in the dark for 30 d at 25 + 2°C during the day
and 21 + 2°C overnight, and transferred under
fluorescent light (white light) with irradiance of
40 pumol. m™.s™" and photoperiod of 16 h during
four weeks. After 30 d the percentages of viable
embryos, embryos without response and abnormal
embryos were evaluated. Crooked and swollen
embryos showing a ligule and primary root were
considered germinated. Atrophied, rootless and
shootless embryos were considered as abnormal.
After 45 days the shoot length was measured. The
plantlets with shoots and roots were transferred to
56 cm? polyethylene tubes containing vermiculite
as substrate. After planting, they remained in a
greenhouse with artificial lighting (light intensity
of 13 umol.m™.s"', 12 hours photoperiod and
temperature of 24 + 5°C during the day and 20
+ 5°C overnight) automatically irrigated for five
minutes every six hours .

The experimental design was entirely random-
ized with one embryo per tube and 50 repetitions
(tubes) per treatment. The experiment in which
four culture media were compared (MS, MS 4, N6,
Y3 and MS with and without sodium phosphate)
was carried out using two lots of seeds whereas
three lots were used for the comparison between
Y3 media with and without phosphate. Data were
subjected to Bartlett’s test in order to verify the
homogeneity of variances and then the means were
compared by Tukey's test at 5% probability.

RESULTS

Zygotic embryos of oil palm hybrid Manicoré were
classified according to the four classes of vigor
and viability, based on the intensity, uniformity
and location of color patterns of the two parts of
the embryo (tigelo and haustorium). Classes 1 and
2 (Figures Ic, d and e) correspond to viable and
vigorous embryos that can turn into plantlets with
root and developed leaf sheaths. Class 3 (Figures 1f
and g) encompasses viable but weak embryos, that
are alive but unlikely to produce a plant. Class 4
(Figures 1h and i) corresponds to unviable embryos
which can be dead or unable to give plantlets with
roots, because of a lack of metabolic activity in the
tigelo portion, where the embryonic axis is located.

As shown in Table I, the viability of the
embryos varies with the lot of seeds, which means
that it can be influenced by the genotype of each
lot. Among six lots, only three (CS 428, CS 1477
and CS 1681) had most of the embryos in class 1

Figure 1 - Representation of color classes: a) Longitudinal
section of the embryo highlighting the location of tigelo and
haustorium. b) Zygotic embryo without tetrazolium treatment.
¢) Zygotic embryo with tetrazolium staining; d) and e) Class 2;
f) and g) Class 3; h) and i) Class 4.Bar = 1.5 cm for all figures.
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according to the tetrazolium test, in other words,
embryos that have the ability to produce well-
developed plantlets.

Lot CS 736 shows most of the embryos in
Class 2 (Table I). They are viable with medium
vigor, but still have the capacity to produce well-
developed plantlets. The viability of the embryos
is related to the germination and development of
normal plantlets (with roots and shoots) (Figure
2i). These viable embryos cultured in suitable
culture media successfully germinated.

Different culture media were compared for lots
CS 428 and 1139 which presented 96 and 73% of
viable embryos (Table I). Germination rates of 59
and 90% were observed, respectively, for these lots
in Y3 culture medium (Table II) whilst the results
obtained in other culture media were lower. The
overall average for germination rate in all culture

media (MS, MS 1/2, N6, Y3 and MS with and
without phosphate) was 37.5% for CS 428 and
49.5% for CS 1139 (Table IT).

Relating the average viability of the embryos
of three lots of seeds (735, 1477 and 1681) with
germination rates in two Y3 culture media (with and
without phosphate), embryos viability of 46, 76.25
and 92.50%, respectively, and mean germination
rates of 33.6, 68.6 and 91.6% were observed (Table
II). In both Y3 culture media, lot CS 1681 had the
highest percentages of viability and germination,
with 92.5 and 91.6% respectively (Table II).

In the first two days of culture, zygotic
embryos did not show changes in their morphology
in the tested media (MS, MS'2, N6 and Y3). In the
first week of culture only enlargement and swelling
were observed (Figure 2a). Embryos cultured for
10 d were curved (Figure 2b) and after 15 d some

TABLE I
Classification of lots of seeds of hybrid oil palm according to vigor determined by tetrazolium test.

Lots CS 428 (%) CS735(%) CS736(%) CS1477 (%) CS 1681 (%) CS 1139 (%) General rate (%)
High vigor 92.0a 25.0 ab 6.00 b 55.0a 72.50 a 43.00 a 4891 a
Medium vigor 4.0b 21.0 ab 30.0a 21.25D 20.00 b 30.0 ab 21.00 ab
Low vigor 4.0b 15.00b 27.0 ab 10.25b 6.25 be 20.0 be 13.75b
Unviable or dead 1.0b 39.0a 37.0a 14.00 b 1.25¢ 7.50 ¢ 16.62b
DMS 8.57 22.35 23.65 29.67 13.93 18.27 30.70
CV% 16.17 42.58 45.05 56.23 26.55 34.64 75.73

Values followed by the same letter do not differ significantly by Tukey’s test at 5% probability.

TABLE 11
Viability and germination rate** of embryos of five lots of hybrid oil palm seeds in several culture media.

Lots of seeds CS 428 (%) CS 1139 (%) CS 735 (%) CS 1477 (%) CS 1681 (%)
Viability (TTC)* 96.00 73.00 46.00 76.25 92.50
Germination rate (%)
MS 42.0 50.0
MS1/2 38.0 32.0
N6 18.0 16.0
Y3 59.0 90.0 38.4 79.0 88.8
Y3+Nad PO, = o e 28.9 58.3 94.4
MS 31.7 49.0
MS + NaH,PO, 38.4 60.0
Overall average of all treatments (%) 37.5 49.5 33.6 68.6 91.6

*by tetrazolium test. Sum of the means of classes 1 and 2. **Zygotic embryos with leaf primordia and primary root, observed after 30 days.
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embryos remained curved and presented a plumular
hook with ligule and others only root primordia
(Figure 2c). On the twentieth day the foliar and root
primordia appeared in all of them and a decrease
of the haustorium size was observed. At this stage,
nutritional supplementation was provided by
the culture medium, and the haustorium was no
longer needed to supply nutrients to the embryo
(Figure 2d). After 30 days, the plantlets already
had shoots and roots (Figures 2 and f) and after 50
days they were acclimatized. In all culture media
some explants did not respond and some others
developed abnormally (Table III).

The zygotic embryos germinated in all the cul-

ture media, but in the Y3 culture medium the ger-

mination process was better (75% of embryos with
the first leaf and primary root) and the embryos de-
veloped into complete plants, in other words, with
defined root and shoots, unlike the embryos cul-
tured in the other media (Figure 2i and Table III).

When comparing the development of the
embryos on MS medium supplemented with
NaH,PO, and those on MS medium without
NaH,PO, we observed 67.5% of germination in
the first medium after 15 days whereas those on
the second medium showed a high percentage of
explants with no response (Table IV and Figure 2h).
On the thirtieth day, the development continued to
be better (49.2% of plantlets with leaf primordia
and root) in the MS medium supplemented with
NaH,PO, (Table IV).

TABLE III
Behavior of hybrid oil palm zygotic embryos (BRS Manicore) (lots CS 428 and CS 1139) cultivated in vitro in
different culture media, evaluated after 15 and 30 days.

15 days 30 days 30 days 30 days
Curved with haustorium  Leaf primordia and root Non-responding explants ~ Abnormal explants
Culture media (%) 1* (%) (%) (%)

MS 335a 46.0 ab 20.0 ab 1.0a
MS1/2 30.0a 35.0 ab 30.5 ab 55a
N6 135a 17.0b 65.0a 55a
Y3 19.5a 75.0a 50b 1.5a
DMS 75.74 45.00 49.42 18.38
CV% 77.09 25.90 40.00 133.00

Numbers followed by the same letter do not differ statistically each other by Tukey's test at 5% of probability.

TABLE IV
Behavior of zygotic embryos of hybrid oil palm (BRS Manicoré) cultured in vitro in ms and Y3 culture media with or
without sodium phosphate addition, evaluated after 15 and 30 days.

Treatments 15 days 30 days 30 days 30 days
Culture media Curved with haustorium  Leaf primordia and root  Non-responding explants ~ Abnormal explants

(%) 1* (%) (%) (%)

MS 40.0b 403 a 20.0a 282a

MS+NaH_ PO, 67.5a 492 a 279a 20.0a
DMS 24.0 59.5 114 41.2
CV% 10.4 30.9 110 39.6

Y3 53.0a 59.1a 212a 11.3a

Y3+NaH,PO, 55.7a 58.6a 145a 215a
DMS 55.2 48.5 272 17.1
CV% 58.7 47.6 88.2 60.3

Numbers followed by the same letter do not differ statistically by Tukey's test at 5% of probability. Curved at 30 days data not
shown. Mean of CS 428 and CS 1139 lots for MS media; mean of CS 735, 1139 and 1681 for Y3 media.
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In Y3 culture medium a higher percentage
of embryos developed into complete plantlets
(roots and shoots) than in MS medium (Table III),
so, this medium was used again, with or without
supplementation of NaH,PO,. However, there
were no statistical differences between the rate of

MS sem NaH2PO4

developing embryos in both Y3 media (Table IV).
In both treatments embryos developed normally
after 15 and 30 days of culture.

After 45 days of culture, the size of the plants
ranged among MS, MS", N6 and Y3 media (Figure
21): 36% of plantlets cultured in the Y3 media

Figure 2 - In vitro germination of zygotic embryos of hybrid BRS Manicoré. a) Swollen embryo after 5 days. b) Bending
process after 10 days. ¢) Embryo with ligule, plumule and haustorium after 15 days. d) Plantlets with foliar and primary root
after 20 days. e) Root and leaf after 30 days. f) 45 days of culture. g) Root and leaf after 50 days. h) Plantlets on MS medium
with or without NaH,PO, after 40 days. i) Influence of culture media in the development of plantlets after 35 days. BARS:

A=15cmBtol=2cm.

An Acad Bras Cienc (2016) 88 (3 Suppl.)
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TABLE V
Size of plantlets developed from BRS Manicor¢ oil palm zygotic embryos CS 428 and CS 1139 lots cultivated ir vitro in
different culture media and observed after 45 days.

Culture media  Plantlets 1- 2 cm (%)

Plantlets 2 - 6 cm (%)

Non-responding explants (%)  Abnormal explants (%)

MS 20.0a 0.5b 45.0a 15.0 ab
MS1/2 274 a 320 419 a 24.1 ab

N6 17.7a 05b 44.0a 352a

Y3 36.0a 30.0a 20b 7.0b
DMS 38.5 9.4 24.8 24.6

Numbers followed by the same letter do not differ statistically by Tukey s test at 5% probability. Values less than 1 cm not shown.

reached a height of 1 to 2 cm and 30% reached 2
to 6 cm. The MS, MS % and N6 media showed
20, 27.4 and 17.7% of plantlets with 1 to 2 cm
respectively (Table V and Figure 2i).

DISCUSSION

The tetrazolium test can be used to evaluate the
viability of oil palm hybrid embryos. The TTC test
is based on the activity of dehydrogenase enzymes
which act on respiratory processes of tissues,
where the release of hydrogen ions occurs and 2,
3, 5 - triphenyl tetrazolium chloride reacts with H
to form a red, insoluble substance called formazan
(Delouche et al. 1976). In the present study, lots
submitted to the TTC test showed different rates
of viability and, among the six lots, only three (CS
428, 1477 and 1681) had embryos with a uniform
color. This indicates that they are able to give rise
to well-developed plantlets. This result is similar
to that obtained by Lima (2013): 93% of seeds
were viable as the staining of the oil palm embryos
(Elaeis guineensis) by the TTC test was uniform.
The germination rate of the seeds is not al-
ways related to the viability of each lot since zy-
gotic embryos of CS 1681, when cultured in a
Y3 culture medium with and without phosphate
showed 92% viability and a germination rate of
88.8%. This shows that, while 92% are viable, only
88.8% were able to germinate. Zygotic embryos
(ZE) from seeds of CS 428 and 1139 had a viability
of 96 and 73% according to TTC test, while 59 and
90% germinated in Y3 culture medium. This may

be because the seeds of these lots were viable, but
ZE of CS 1139 had more vigour to develop than
those of CS 428. Other authors also consider that
the TTC test can be used for rapid assessment of
the viability of oil palm seeds. For example Mok
(1972) reported a mean value of embryo viability
of 98.6% and a mean rate of ex vitro germination
of 95%. Murugesan et al. (2002) also found a cor-
relation between viability and germination rate:
oil palm embryos cultured in MS medium supple-
mented with IAA and kinetin reached a germina-
tion rate of 93% while the percentage of viability of
these embryos varied between 88 and 92%, at TTC
concentrations of 0.5% and 0.75%, respectively.

Zygotic embryos began their development
after two days in the culture media. This delay can
be explained by the fact that when the explants are
put into a nutrient media, there may be an initial
leakage of ions from damaged cells, especially
Na®, Ca’, K', Mg’ (Soares 2011), so that the
concentration in the plant tissues actually decreases.
After this period, cells begin active absorption and
their internal concentration rises slowly.

The addition of sodium phosphate in MS culture
medium is critical for in vitro germination. It was
observed that when the culture medium contained
NaH,PO,, 49% of the embryos germinated after 30
d of culture, whilst in NaH,PO -free MS medium
there was a high percentage of non-responding
explants. In another study (Cardoso et al. 2010),
the addition of sodium phosphate to MS and
MS’ media was also critical for converting oil

An Acad Bras Cienc (2016) 88 (3 Suppl.)
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palm zygotic embryos into plantlets and enabled
plantlets with a larger stem and root to be obtained.
When adding 0.17 g/L"' NaH,PO, to MS media,
these authors obtained an 85.18% germination rate
for seeds of hybrid CN 470.

Phosphate is the way phosphorus is absorbed
by plant cells from the culture media and this
process is more rapid than for other ions (George et
al. 2008). According to these authors, the phosphate
concentration in MS medium is insufficient for
some species and this concentration is reduced
to zero in a few weeks. Despite the MS medium
contains 170 mg L™ KH,PO, the presence of a
higher amount of phosphate is essential in most
in vitro cultures due to the role of phosphorus in
energy metabolism and regulation of enzymatic
processes, being differentiation of shoot one of the
consequences of phosphorus addition to the culture
medium (Santiago et al. 2001). It also influences
height, stem thickness and root size (Barcelos et
al. 2001). Furthermore, phosphorus is part of the
nucleotides, forming units of nucleic acids such as
DNA and RNA, directly involved in the process of
protein synthesis (George et al. 2008).

In the present study, Y3 culture medium was
the most suitable for the full development of the
plantlet into shoot and primary root. With regard
to the optimization of in vitro germination, in Y3
culture medium the germination rate was higher
(75%) than in other media. This could be due to
the composition of this medium which contains
nutrients similar to what the plant naturally needs,
including sodium phosphate (320 mg/L) that is
not present in MS media, having only potassium
phosphate (170 mg/L). The concentration of
phosphate ions is therefore of great importance
for the development of palm plants. The mixture
of nutrients such as urea, triple superphosphate,
potassium chloride and magnesium sulfate used for
natural seed germination enables plants to develop
well (Barcelos et al. 2001).

An Acad Bras Cienc (2016) 88 (3 Suppl.)

On the other hand, some salts and organic
substances of Y3 medium are different of those
present in MS medium and some elements have
different concentrations when compared to MS
medium. It is therefore difficult to assign the better
results obtained on Y3 medium only to phosphorus
concentration. In other surveys of oil palms or their
hybrids, MS, MS 2 and Y3 media were adequate
for in vitro germination of zygotic embryos without
statistical differences between the media, with 90%
of germination in MS % and Y3 media, and 85%
in MS medium (Chourykaew and Kanchanapoom
1996). The results of germination of the lots CS
428 and CS 1139 obtained in the present study
showed that in MS culture medium the germination
rates were low (42 and 50%, respectively) when
compared to the rates obtained in Y3 medium
(59 and 90%, respectively). However, Padua et
al. (2014) found that embryos of Manicoré seeds
collected 100 days after anthesis presented a
germination rate of 88% in MS or Y3 medium.

This work showed that the culture medium
suitable for germination can vary according to the
genotype of each lot of seed of oil palm hybrid BRS
Manicoré. Similarly, Alves et al. (2011) showed
that oil palm embryo development varies with the
genotype since 37.93% of CJ 2141 embryos, grown
on MS medium supplemented with phosphate,
developed roots and shoot, meanwhile there was
no embryonic development in the case of CJ 502.

CONCLUSIONS

The tetrazolium test can be used to evaluate the
embryos viability. The germination rate of the seed
lots is related with their viability which varies for
each lot of seeds.

The addition of NaH,PO, to the culture media
is essential for the germination of the oil palm
hybrid, especially in the media which do not
contain sodium phosphate or have a low phosphate
concentration.
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The Y3 culture medium is better for the full
plantlet development into shoot and primary root.
This is due to the composition of this medium that
contains all the salts and vitamins that oil palm
plantlets need to develop.
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RESUMO

O hibrido interespecifico BRS Manicoré (E. guineensis X
E. oleifera), tem caracteristicas agronomicas superiores.
Porém, a taxa de germinagao ¢ baixa (30%) e o processo
demorado quando as sementes sdo semeadas de forma
convencional. O objetivo deste trabalho foi otimizar a
germinacgao in vitro de embrides zigbticos desse hibrido
comparando os lotes de sementes. A viabilidade dos
embrides zigdticos foi avaliada pelo teste de tetrazdlio
(0,075%) durante 4 horas. Os embrides foram cultivados
nos meios de cultura MS e Y3, com ¢ sem a adi¢do de
NaH_PO,, assim como MS, MS 2 e N6. No meio MS
contendo NaH PO, a taxa de germinagdo ¢ aumentada
de 40 a 70% em comparacdo com o meio sem fosfato.
A comparagdo entre os meios de cultura MS, MS 5,
N6 e Y3 mostraram que 75% dos embrides zigoticos
cultivados no meio Y3 formaram plantas completas (raiz
e parte aérea definida), uma porcentagem maior que dos
embrides cultivados nos meios MS, MS %2 e N6 (46; 35
e 17% respectivamente). No mesmo meio de cultura
Y3, os embrides apresentaram tamanho maior (36% >
2 cm e 30% > 5 cm) que nos outros meios. Resultados
obtidos pelo teste de tetrazolio foram semelhantes aos
de germinagdo, mostrando o efeito do gendtipo de cada
lote de sementes. A adigdo de NaH,PO, ¢ fundamental
para a germinagdo e o desenvolvimento das plantulas
nos meios de cultura que ndo contém fosfato ou com
baixa concentracao de fosfato.

Palavras-chave: hibrido interespecifico, fosfato de sodio,
tetrazolio, Y3.
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