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SUMMARY

RESUMEN

Practical technologies are required to preserve the
viability of seeds particularly those known to be
short-term viable species like Carica papaya
(papaya). Papaya seeds were imbibed in water or
chemical solutions (CaCl2 10-5 M, salicylic acid 10-4
M, and gibberellic acid 10-5 M) combined with
inoculation of bacterial cell suspension to determine
their effects on seed germination, plant growth,
biomass production and chlorophyll accumulation.
Seeds imbibed in water germinated 40 % more than
control seeds and the time required to reaching 50 %
seed germination was reduced two days in
comparison to untreated seeds; however, the
untreated seeds generated the largest (9.2 cm) and
most vigorous seedlings. When seeds were imbibed in
CaSG solution, a significant increase of the growth
parameters such as fresh and dry biomass weight was
observed. Seeds that were primed in gibberellic acid
solution followed by inoculation with a mixture of
Azospirillum brasilense cell suspension exhibited
high seed germination (69 %), plant emergence (47
%) and seedling height (19 %), higher than the
control. Differences in chlorophyll accumulation by
seedlings were minimal.

Tecnologías prácticas se requieren para preservar la
viabilidad de las semillas en particular cuando su
viabilidad no es duradera como la semilla de Carica
papaya (papaya). Semillas de papaya fueron
embebidas en agua o en soluciones de CaCl2 10-5 M,
ácido salicílico 10-4 M y ácido giberélico 10-5 M e
inoculadas con una suspensión de células bacterianas
para determinar sus efectos en la germinación,
desarrollo inicial de las plántulas, acumulación de
biomasa y de clorofila. Las semillas embebidas en
agua germinaron 40 % más y requirieron de dos días
menos para que el 50 % de la semilla germinara en
comparación con la semilla sin tratar; sin embargo, la
semilla sin tratar generó plántulas de mayor longitud
(9.2 cm) y más vigorosas. La semilla embebida en la
solución combinada de calcio, ácido giberélico y
ácido salicílico generó plántulas de mayor peso
(biomasa fresca y seca) superando al control. La
semilla embebida en solución de ácido giberélico
seguido de la inoculación con células de Azospirillum
brasilense tuvieron alta germinación (69 %),
emergencia (47 %) y generaron plántulas de mayor
altura, 19 % más que el testigo. Las diferencias en la
acumulación de clorofila fueron mínimas.
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INTRODUCTION

technologies to enhance stand establishment
(Andrade-Rodriguez et al., 2008; De Mello et al.,
2009; Venier et al., 2012). The germination inhibitors
present in the papaya seed testa and sarcotesta control
its germination (Chow and Lin, 1991; Paz and
Vázquez, 1998) and to eliminate them, papaya
growers have applied actions such as removing the
sarcotesta from seeds, soaking and washing seeds in
water (Mirafuentes, 1997) or sun drying (Jiménez
1996). Growth and development in plants is
controlled by the selective removal of short-lived
regulatory proteins. Degradation of repressor proteins

Plant development is a programmed process that
starts from seed germination to maturity and fruiting.
It is mainly modulated by a combination of
dormancy, plant cell regulators (Richards et al., 2001,
Olszewski et al., 2002, Peng and Harberd, 2002; Sun
and Gubler, 2004; Smalle and Vierstra, 2004) and
environment factors such as moist, temperature,
oxygen, and light (Toh et al., 2008). Identification of
triggers of seed germination and seedling growth
promotion factors is crucial for the development of
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by the ubiquitin-26S proteasome pathway is a central
mechanism of gibberellic acid signal transduction in
seed dormancy and germination (Smalle and Vierstra,
2004). ABA signaling, which is essential for seed
development and seedling responses to the
environment, is also mediated by protein degradation
(Rodríguez-Gacio et al., 2009). MicroRNAs
(miRNAs) are involved in the repression of
transcription factors at the mRNA level during seed
germination and seedling growth (Nonogaki et al.,
2008). Emergence of the embryo from seed is
repressed by surrounding tissues such as the
endosperm and testa (Pinto et al., 2007; Sung et al.,
2008) and this event provide the precise control of
seed germination.

Chemopriming procedure
Seeds were imbibed in a solution, such as CaS
solution (CaCl2 10-3 M and SA 10-4 M), G solution
(AG3 10-3 M) or CaSG solution (CaCl2 10-3 M, SA 10-4
M and AG3 10-3M), following the procedure described
by Bautista-Calles et al. (2008). All these solutions
were prepared with distilled water and pH adjusted to
5.8  0.1.
Biopriming procedure
Once the process of imbibition was concluded, dry
seeds were mixed with a bacterial cell suspension
(100 seeds were mixed with 1.25 mL of a cell
suspension containing 10-9 cells mL-1, approximately)
and allowed to stand by 30 min at room temperature.
Seeds were air dried during 30 min at 28 to 30 oC.
Lots of 25 seeds were spread on a 22 x 24 cm folded
paper towel, moistened with 7 mL distilled water.
Paper towels were rolled up, placed in a plastic bag in
vertical position and preserved at 28 to 30 oC during
10 days. At the end of this period, total germination
was recorded (a seed was considered germinated
when the radical protrution was approximately 1
mm). Germinated seeds were placed at one edge of a
new paper towel moistened with 7 mL distilled water,
rolled up and positioned in vertical position inside a
plastic bag with the seeds on the top, to expose the
seedlings to the light. Seedlings were allowed to
develop during 14 days at 28 to 30 oC, and 16 h light.
At the end of this period, stem and root length and
weight of fresh and dried plantlets were determined.

Seed deterioration is generally associated with loss of
membrane integrity, biochemical changes, affections
in important enzymatic activities, reduction in protein
and nucleic acid synthesis, and lesions in DNA
molecules (McDonald, 1999), result of adverse
physical conditions of storage. The fast deterioration
of C. papaya seeds prejudices its germination and
emergence in the field, therefore growth regulators
and enhancers commercially available have been
routinely used to stimulate its germination (BautistaCalles et al., 2008).
Seed priming is a technique for improving both seed
germination and vigor which involves the imbibition
of seeds in water under controlled conditions to allow
the initiation of early events of germination, followed
by drying the seed back to its initial moisture
condition (Jamieson, 2008; Varier et al., 2010). Seeds
can be imbibed in organic or inorganic solutions
(chemopriming) (Nagao et al., 1992; Parera and
Cantliffe, 1995; Grzesik and Nowak, 1998) as well as
inoculated
with
beneficial
microorganisms
(biopriming) during or after being primed (Warren
and Bennett, 1997; Callan et al., 1997). Microbial
inoculants, which can promote plant growth and
productivity, have internationally been accepted as an
alternative source of N-fertilizers (Baset Mia et al.,
2010). The aim of this study was to evaluate the
relevance of applying priming techniques to improve
papaya seed germination, growth parameters and
plant emergence.

Bacterial cell suspensions
Overnight cultures of Azospirillum were prepared in 3
mL of King’s B medium (Vincent, 1970). Fresh
medium (10 mL) was inoculated with 0.1 mL samples
of the overnight culture and then incubated with
agitation (150 oscillations min-1) during 24 h at 28 to
30 oC. Cultures were harvested and their turbidity
adjusted to 0.9 (660 nm, Colleman Junior II
spectrophotometer) with sterile water. Samples of 5
mL each of UAP154 and Sp 59 cell suspensions were
mixed to obtain the Azospirillum mix suspension.

MATERIALS AND METHODS

Greenhouse experiment

Three lots of certified papaya seed cv. Maradol with
slight differences in germination percentage, were
proportioned by Semillas del Caribe, S.A. de C.V.
(Guadalajara city, Mexico). The bacterial species
Azospirillum brasilense strains UAP154 and Sp59
provided by the Universidad Autónoma de Puebla.
Calcium chloride (CaCl2), salicylic acid (SA),
gibberellic acid (AG3), and the fungicide Captan®
(50%) were commercially available.

The greenhouse located in Atoyac de Alvarez,
Guerrero, Mexico (400 m, average annual
temperature 29 oC) was built with translucent plastic
to allow 50 % penetration of daylight. The floor was a
mixture of fine gravel and sand in a layer. Black
plastic bags (300 mL capacity with five perforations
at the bottom) were filled with non-disinfected soil
containing 33 % clay, 33 % sand and 33 % slime.
134

Tropical and Subtropical Agroecosystems, 16 (2013): 133 - 141

Bags were placed on benches 1 m above the ground.
Seed was sowed 24 h after being treated. Five seeds
were placed 1 cm depth in each pot. Irrigation was
provided daily during the first week before and after
sowing, and after the first week every 2 to 3 days,
depending on climate conditions.

down starch into maltose, allowing it to diffuse into
the embryo, where it is required to promote the
growth of seedlings. The application of GA3 to
scarified seeds significantly promoted germination
and decreased the number of days until germination
(Nagano et al., 2010). In the papaya seed, the
combined action of gibberellic acid and potassium
nitrate has been found to be advantageous for
improving both germination and emergence of
seedlings (Nagao and Frutani, 1986; Frutani and
Nagao, 1987). The primed seed, in addition, is
brought to a stage where the metabolic processes are
already initiated (protein synthesis from existing
mRNA and DNA and repair of mitochondria and subcellular damage), giving it a starting point over the
unprimed seed. Upon further imbibition, the primed
seed can take off from where it has left completing
the remaining steps of germination faster than the
untreated seed (Brocklehurst and Dearman, 1983;
Heydecker and Coolbear 1997; Derek, 1997; Varier et
al., 2010). Treated seeds; however, gave rise to a less
vigorous seedling as compared with those generated
by the untreated seeds (Table 1).

Chlorophyll determination
Samples of stem and leaf (0.5 g fresh tissue) from
plants, after 15 days of emergence, were collected to
determine, per triplicate, their chlorophyll content
according to the procedure of Bruinsma (2009).
Biomass
Died biomass was determine in samples of 10
plantlets (after 15 days of emergence) per replication,
after being dehydrated in an oven at 70 oC until
constant weight.
Experimental design
The experimental design used in the combination of
the hydro-priming, chemo-priming and bio-priming
experiments, as well as treatments taken in the
laboratory and in the field, was a completely
randomized block design using three replications of
25 seeds per treatment. In the greenhouse, eight
replications of 50 seeds each were used. All
experiments were analyzed with the statistical
package SAS (Statistical Analysis System) 2000
through the analysis of the variance (ANOVA) and
average comparison of Tukey (P = 0.05).

Obtaining a significant increase in the capacity of
germination of the papaya seed is an important
achievement; however, vigor is another advantageous
factor that may be present in any quality seed. The
strategy followed to obtain improvements on vigor
condition of the seedlings was to expose seeds to the
mutual effect of CaCl2, GA3 and SA, and coupling
this treatment with seed inoculation. Today is
accepted the statement that Ca2+ is a central regulator
of plant development and growth (Hepler, 2005). Ca2+
plays an important role in controlling membrane
structure and function by binding to phospholipids
and thus, stabilizing lipid bilayers and providing
structural integrity to cellular membranes (Burstrom,
1968), which is particularly important in the
germinating seed. Calcium modulates the activity of
certain phosphatases and kinase enzymes that
participate in the signal transduction during the
germination process (Derek, 1997; Harper et al.,
2004). Research during the last two decades has
established that different stresses cause signalspecific changes in cellular Ca2+ level, which
functions as a messenger in modulating diverse
physiological processes that are important for stress
adaptation (Kim et al., 2009; Redy et al., 2011). The
process in which this ion participates is large and
involves nearly all aspects of plant development
(Harper et al., 2004; Bothwell and Ng, 2005). A
growing body of evidence points to the importance of
Ca and Calmodulin in the regulation of the
transcriptional process during plant responses to
endogenous and exogenous stimuli (Kim et al., 2009).

RESULTS AND DISCUSSION
In a previous paper, we demonstrated a significant
increase, greater than that of the untreated seed, for
germination, speed of germination and seedling
growth when the papaya seed was imbibed in water
and in solutions of calcium, salicylic and gibberellic
acids (Bautista-Calles et al., 2008). Results presented
in this paper deal with the ability of germination and
seedling growth parameters exhibited by papaya seed
when it was previously exposed to a combined
treatment: imbibition in gibberellic acid solution
followed by inoculation with the Azospirillum mix
suspension. Seeds exposed to this combined treatment
expressed its highest capacity of germination (69.3
%) in comparison with the untreated seed (30.7 %)
(Figure 1). The improvement of seed germination
displayed by the treated seed is explained in part, by
the presence of gibberellic acid, involved in the
dormancy control of the seed, being in consequence
an important germination promoter (Groot and
Karssen, 1987). GA stimulates the production of the
enzyme amylase by the aleurone layer, which breaks
135

Carrillo-Castañeda et al., 2013

Figure 1. Germination. Papaya seeds were imbibed as indicated and inoculated with the Azospirillum mix
suspension. 1) untreated; 2) imbibed in G solution and inoculated; 3) imbibed in CaS solution and inoculated; 4)
imbibed in CaSG solution; 5) imbibed in CASG solution and inoculated. Different letters on a column represent
different results (P ≤ 0.05).

Disease resistance in Arabidopsis is regulated by
multiple
signal transduction
pathways
in
which salicylic acid function as key signaling
molecule (Clarke et al., 2000), acting in both local
defense reactions at infection sites and the induction
of systemic resistance; therefore, plants developed in
the presence of salicylic acid may acquire the
systemic resistance condition that might be beneficial
to defend themselves, particularly at the stage of early
development. Very little information exists on the
establishment of defense mechanisms at the stage of
seed germination (Rajjou et al., 2006). In the root,
salicylic acid acts increasing the content of certain
enzymes, improving resistance of plant cells
themselves, and in leaves accumulating some
chloroplast proteins and enzymes capable of
degrading the pathogen cell walls (Tarchevsky et al.,
2010).

Seeds that were imbibed in CASG solution
germinated fast (T50 = 3 d) and generated seedlings
with the highest dry biomass weight; however, when
this treatment was coupled with inoculation, a
reduction of growth parameters (seedling and root
lengths as well as fresh and dry biomass production)
and increase of one day in the T50 value was observed
(Table 1). Thomas et al. (2007) demonstrated that
papaya
seeds
inoculated
with
Pantoea,
Micobacterium, or Sphingomonas spp., led to delayed
germination or initial slow seedling growth; however,
that slow seedling growth was overcome after 3
months and seedlings inoculated with Pantoea,
Microbacterium, or Sphingomonas spp., displayed
significantly better root and shoot growth.

Table 1. Seedlings 14 d of development. Seeds were imbibed as indicated and inoculated with a cell suspension of
Azospirillum. 1) untreated; 2) imbibed in G solution and inoculated; 3) imbibed in CaS solution and inoculated; 4)
imbibed in CaSG solution; 5) imbibed in CaSG solution and inoculated. Fresh and dry weight is an average of 10
seedlings
Treatment
1
2
3
4
5
Significance

Length (cm)
Seedling
Stem
Root
9.2a
2.8a
6.3a
a
a
8.2
2.2
6.0a
a
a
7.7
2.4
5.2a
a
a
7.6
2.3
5.3a
b
a
5.1
2.1
3.1b
**
ns
**

Fresh biomass weight (g)
Seedling
Stem
Root
0.8ab
0.5b
0.3a
bc
b
0.6
0.4
0.2bc
ab
ab
0.8
0.5
0.3ab
a
a
1.0
0.6
0.4a
c
b
0.6
0.4
0.2bc
**
**
**

Dry biomass weight (mg)
Seedling
Stem
Root
75.6bc
52.3c
23.3a
c
c
62.0
46.0
16.0bc
ab
ab
84.0
65.3
18.6ab
a
a
94.6
70.6
24.0a
bc
bc
67.6
55.6
12.0c
**
**
**

DMS
1.9
0.8
1.4
0.2
0.1
0.1
17.0
Different letters in a column represent different results. ** Significance (P ≤ 0.05).
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Figure 2. Seedling emergence in the greenhouse. Papayo seeds were imbibed as indicated and inoculated with a cell
mixture of Azospirillum. 1) untreated; 2) imbibed in G solution and inoculated; 3) imbibed in CaS solution and
inoculated; 4) imbibed in CaSG solution; 5) imbibed in CaSG solution and inoculated. Different letters on a column
represent different results (P ≤ 0.05).
Seeds that were exposed to a combined treatment,
imbibed in G solution and inoculated, exhibited the
greatest emergence (Figure 2) seedling height (Figure
3) and accumulated the highest amount of chlorophyll
as well (Figure 4). Gibberellic acid is essential for
multiple processes of plant development, such as seed
germination, stem elongation, and floral development
(Richards et al., 2001; Olszewski et al., 2002; Peng
and Harberd, 2002; Sun and Gubler, 2004; Cao et al.,
2006). Emergence of seeds that were imbibed in
CASG solution and inoculated, were in second place
followed by the seeds imbibed in CASG solution
alone.
6.3a

6.4

The presence of Gibberellic acid and the plant growth
promoting microorganisms improved germination
(Figure 1) and emergence (Figure 2). Some
microorganisms are able to induce the systemic
resistance in host plants to a broad variety of fungal,
bacterial, and viral pathogens (Kaymak et al., 2008;
Aliye et al., 2008; Jogaiah et al., 2010); the presence
of these plant growth promoting microorganisms
seems to persist during plant lifetime, since they
colonize active growth zones of roots and, for this
reason, their beneficial effects will be effective until
harvest.
6.3a

6.3a

Seedling height (cm)

6.2
6
5.7ab

5.8
5.6
5.4

5.3b

5.2
5
4.8
1

2

3
4
5
Treatment
Figure 3. Seedling height. Papayo seeds were imbibed as indicated and inoculated with a cell mixture of
Azospirillum. 1) untreated; 2) imbibed in G solution and inoculated; 3) imbibed in CaS solution and inoculated; 4)
imbibed in CaSG solution; 5) imbibed in CaSG solution and inoculated. Different letters on a column represent
different results (P ≤ 0.05).
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6
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4
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2
1
0

a

b

9.1a

9.3a
8.5a

8.3 a

5.3a

4.8ab

5ab

9.1a

5.1ab

4.3b

1

2

3
4
5
Treatment
Figure 4. Chlorophyll determination after 15 days of emergence. Total (DMS = 1.71), chlorophyll a (DMS = 0.83)
and chlorophyll b (DMS = 1.44). Seeds were imbibed as indicated and inoculated with a cell mixture of
Azospirillum. 1) untreated, 2) imbibed in G solution and inoculated, 3) imbibed in CaS solution and inoculated, 4)
imbibed in CaSG solution, 5) imbibed in CaSG solution and inoculated. Different letters on a column represent
different results (P ≤ 0.05).

The use of microorganisms to improve crop
development and yield is a technically simple
process, though conceptually difficult to explain;
however, results obtained when plants are inoculated
with bacterial cells or mycorrhizal fungi are generous
and this could become an everyday technique in the
field. ‘Maradol’ papaya plants inoculated with
arbuscular mycorrhizal fungi Glomus mosseae and
Entrophospora colombiana exhibited increases in the
number of fruits and yield by 41.9 and 105.2 % for G.
mosseae and 22.1 and 44.1 % for E. colombiana,
respectively, compared to control plants (VázquezHernández et al., 2011). The gap between production
potential of the crop and the current average
production could be attributed to different factors,
being diseases very significant. In consequence, seeds
could be treated with chemical compounds and
microorganisms to protect them and improve the
development of papaya plants.

the highest chlorophyll amount as well. This
treatment, which is economic and practical, can be
attractive to enhance papaya seed germination
capability.
REFERENCES
Aliye, N., Fininsa, C., Hiskias, Y. 2008. Evaluation of
rhizosphere bacterial antagonists for their
potential to bioprotect potato (Solanum
tuberosum) against bacterial wilt (Ralstonia
solanacearum). Biological Control. 47: 282288.
Andrade-Rodriguez, M., Ayala-Hernandez, J. J., AliaTejacal, T., Rodriguez-Mendoza, H., AcostaDuran, C. M., Lopez-Martinez, V. 2008.
Effect of germination promoters and
substrates in the development of papayo
seedlings. Revista de la Facultad de
Agronomia de la Universidad del Zulia. 25:
617-635.

Seeds treated with Gibberellic acid solution followed
by the inoculation with the cell mixture of
Azospirillum exhibited the best response and therefore
is the recommended procedure to achieve the best
germination and emergence, and has great
possibilities of being adopted by papaya growers.

Baset Mia, M. A., Shamsuddin, Z. H., Wahab, Z.,
Marziah, M. 2010. Effect of plant growth
promoting rhizobacterial (PGPR) inoculation
on growth and nitrogen incorporation of
tissue-cultured Musa plantlets under
nitrogen-free
hydroponics
condition.
Australian Journal of Crop Science. 4: 85-90.

CONCLUSIONS
Seeds that were exposed to a combined treatment,
imbibed in G solution and inoculated a cell mixture of
Azospirillum exhibited the maximum germination, the
greatest emergence, seedling height, and accumulated

Bautista-Calles, F., Carrillo-Castañeda, G., VillegasMonter, A. 2008. Recuperation of the high
138

Tropical and Subtropical Agroecosystems, 16 (2013): 133 - 141

germinability of papaya seed through
priming technology and biorregulators.
Agrociencia. 42: 817-826.

Furutani, S. C., Nagao, M. A. 1987. Influence of
temperature, KNO3, GA3 and seed drying on
emergence of papaya seedlings. Scientia
Horticulturae. 32: 67-72.

Bothwell, J. H. F., Ng, C. K.-Y. 2005. The evolution
of Ca2+ signalling in photosynthetic
eukaryotes. New Phytologist. 166: 21-38.

Groot, S. P. C., Karssen, C. M. 1987. Gibberellins
regulate seed germination in tomato by
endosperm weakening: a study with
gibberellin-deficient mutants. Planta.171:
525-531.

Brocklehurst, P. A., Dearman, J. 1983. Interactions
between seed priming treatments and nine
seed lots of carrot, celery and onion. 1.
Laboratory germination. Annals of Applied
Biology. 12: 577-584.

Grzesik,

Bruinsma, J. 2009. The quantitative analysis of
chlorophylls a and b in plant extracts.
Phytochemistry and Photobiology. 85:1-7.
Burstrom, H. G. 1968. Calcium and plant growth.
Biological Review (Camb.) 43: 287-316.

M., Nowak, J. 1998. Effects of
matriconditioning and hydropriming on
Helichrysum
bracteatum
L.
seed
germination, seedling emergence and stress
tolerance. Seed Science and Technology. 26:
363-376.

Harper, J. F., Breton, G., Harmon, A. 2004. Decoding
Ca2+ signals through plant protein kinases.
Annual Review of Plant Biology. 55: 263288.

Burton, M. G., Lauer, M. J., McDonald, M. B. 2000.
Calcium effects on soybean seed production,
elemental concentration, and seed quality.
Crop Science. 40: 476-482.

Hepler, P. K. 2005. Calcium: A central regulator of
plant growth and development. The Plant
Cell. 17: 2142-2155.

Callan, N. W., Mathre, D. E., Miller, J. B., Vavrina,
C. S. 1997. Biological seed treatments:
factors involved in efficacy. Horticultural
Science. 32: 179-183.

Heydecker, W., Coolbear, P. 1997. Seed treatments
for improved performance–survey and
attempted prognosis. Seed Science and
Technology. 5: 353-424.

Cao, D. Cheng, H., Wu, W., Soo, H. M., Peng, J.
2006.
Gibberellin
mobilizes
distinct
DELLA-dependent
transcriptomes
to
regulate seed germination and floral
development
in
Arabidopsis.
Plant
Physiology. 142: 509-525.

Jamieson, G. 2008. New perspectives on seed
enhancement. Acta Horticulturae. 782: 143150.
Jiménez, D. J. A. 1996. El Cultivo de la Papaya
Hawaiana. Instituto para el Desarrollo de
Sistemas de Producción del Trópico Húmedo
de Tabasco. Serie Fruticultura Tropical.
Gobierno del Estado de Tabasco, México.
111 p.

Chow, Y. J., Lin, C. H. 1991. p-Hidroxy benzoic acid
as the major phenolic germination inhibitor
of papaya seed. Seed Science and
Technology. 19: 167-174.
Clarke, J. D., Volko, S. M., Ledford, H., Ausubel, F.
M., Dong, X. 2000. Roles of salicylic acid,
jasmonic acid, and ethylene in cpr-induced
resistance in Arabidopsis. Plant Cell. 12:
2175-2190.

Jogaiah, S., Shivanna, R. K., Gnanaprakash, P. H.,
Hunthrike, S. S. 2010. Evaluation of plant
growth-promoting rhizobacteria for their
efficiency to promote growth and induce
systemic resistance in pearl millet against
downy mildew disease. Archives of
Phytopathology and Plant Protection. 43:
368-378.

De Mello, A. M., Streck, N. A., Blankenship, E. E.,
Paparozzi, E. T. 2009. Gibberellic acid
promotes seed germination in penstemon
digitalis cv. Husker red. HortScience. 44:
870-873.

Kaymak, H. C., Yarali, F., Guvenc, I., Figen Donmez,
M. 2008. The effect of inoculation with plant
growth rhizobacteria (PGPR) on root
formation of mint (Mentha piperita L.)
cuttings. African Journal of Biotechnology.
7: 4479-4483.

Derek, J. B. 1997. Seed dormancy and germination.
The Plant Cell. 9: 1055-1066.

139

Carrillo-Castañeda et al., 2013

Kim, M. C., Chung, W. S., Yun, D., Cho, M. J. 2009.
Calcium and calmodulin-mediated regulation
of gene expression in plants. Molecular
Plant. 2: 13-21.

Pinto, L. V. A., Da Silva, E. A. A., Davide, A. C.,
Mendes De Jesus, V. A., Toorop, P. E.,
Hilhorst, H. W. M. 2007. Mechanism and
controlof Solanum lycopersicum seed
germination. Annals of Botany. 100: 11751158.

McDonald, M. B. 1999. Seed deterioration:
Physiology, repair and assessment. Seed
Science and Technology. 27: 177-237.

Rajjou, L., Belghazi, M., Huguet, R., Robin, C.,
Moreau, A., Job, C., Job, D. 2006. Proteomic
investigation of the effect of salicylic acid on
Arabidopsis
seed
germination
and
establishment of early defense mechanisms.
Plant Physiology. 141: 910-923.

Mirafuentes, H. F. 1997. Manual para Producir
Papaya en Tabasco. Instituto Nacional de
Investigaciones Forestales y Agropecuarias.
Centro de Investigación Regional del Golfo
Centro. Campo Experimental Huimanguillo;
Tabasco, México. 26 p.

Reddy, S. N. A., Ali, S. G., Celesnik, H., Day, S. I.
2011. Coping with stresses: Roles of
calcium- and calcium/calmodulin-regulated
gene expression. Plant Cell. 23: 2010-2032.

Nagano, S., Mori, G., Oda, M. 2010. Promotion of
seed germination in Musa velutina Wendl. &
Drude by scarification and GA3. Journal of
Horticultural Science and Biotechnology. 85:
267-270.

Richards, D. E., King, K. E., Ait-Ali, T., Harberd, N.
P. 2001. How gibberellins regulates plant
growth and development: A molecular
genetic analysis of gibberellin signaling.
Annual Review of Plant Physiology and
Plant Molecular Biology. 52: 67-88.

Nagao, M. A., Furutani, S. C. 1986. Improving
germination of papaya seed by density
separation, potassium nitrate, and gibberellic
acid. HortScience. 21: 1439-1440.

Rodríguez-Gacio, M. C., Matilla-Vázquez, M. A.,
Matilla, A. J. 2009. Seed dormancy and
ABA signaling. The breakthrough goes on.
Plant Signaling & Behavior. 4: 1035-1048.

Nagao, M. A., Yoshimoto, J. M., Ho-A, E. B., Zee,
F., Furutani, S. C. 1992. Assessment of
KNO3 preconditioning treatment on papaya
seeds after extended storage. HortScience.
27: 490-700.

Smalle J., Vierstra, R. D. 2004. The ubiquitin 26S
proteasome proteolytic pathway. Annual
Review of Plant Biology. 55: 555-590.

Nonogaki, H., Liu, P.-.P., Hewitt, J. R., Martin, R. C.
2008. Regulation of seed germination and
stand establishment-importance of repression
of
developmental
programs.
Acta
Horticulturae. 782: 51-58.

Sun, T.-P., Gubler, F. 2004. Molecular mechanism of
gibberellin signaling in plants. Annual
Review of Plant Biology. 55: 197-223.

Olszewski, N., Sun, T. P., Gubler, F. 2002.
Gibberellin
signaling:
biosynthesis,
catabolism, and response pathways. Plant
Cell (Suppl.). 14: S61-S80.
Parera, C. A., Cantliffe, D. J. 1995. Presowing seed
priming. Horticultural Review. 16: 109-141.

Sung, Y., Cantliffe, D. J. R., Nagata, T., Nascimento,
W. M. 2008. Structural changes in lettuce
seed during germination at high temperature
altered by genotype, seed maturation
temperature, and seed priming. Journal of
American Society of Horticultural Sciences.
133: 167-311.

Paz, L., Vázquez, Y. C. 1998. Comparative seed
ecophysiology of wild and cultivated Carica
papaya trees from a tropical rain forest
region in Mexico. Tree Physiology. 18: 277280.

Tarchevsky, I. A., Yakovleva, V. G., Egorova, A. M.
2010. Salicylate-induced modification of
plant proteomes (review). Applied
Biochemistry and Microbiology. 46: 241252.

Peng, J. R., Harberd, N. P. 2002. The role of GAmediated signaling in the control of seed
germination. Current Opinion on Plant
Biology. 5: 376-381.

Thomas, P., Kumari, S., Swarna, G. K., Gowda, T. K.
S. 2007. Papaya shoot tip associated
endophytic bacteria isolated from in vitro
cultures and host-endophyte interaction in
vitro and in vivo. Canadian Journal of
Microbiology. 53: 380-390.
140

Tropical and Subtropical Agroecosystems, 16 (2013): 133 - 141

Toh, S., Imamura, A., Watanabe, A., Nakabayashi,
K., Okamoto, M., Jikumaru, Y., Hanada, A.,
Aso, Y., Ishiyama, K., Tamura, N., Iuchi, S.,
Kobayashi, M., Yamaguchi, S., Kamiya, Y.,
Nambara, E., Kawakami, N. 2008. High
Temperature-induced
abscisic
acid
biosynthesis and its role in the inhibition of
gibberellin action in arabidopsis seeds. Plant
Physiology. 146: 1368-1385.

production, and fruit quality of ‘Maradol’
papaya (Carica papaya L.). Scientia
Horticulturae. 128: 255-260.
Venier, P., Funes, G., Garcia, C.C. 2012. Physical
dormancy and histological features of seeds
of five Acacia species (Fabaceae) from
xerophytic forests in central Argentina.
Flora. 207: 39-46

Varier, A., Kuriakose, A. V., Dadlani, M. 2010. The
subcellular basis of seed priming. Current
Science. 99: 450-456.

Vincent, J. M. 1970. A Manual for the Practical Study
of Root Module Bacteria. International
Biological Programme. Handbook No. 15.
Blackwell Sci. Publ., Oxford.

Vázquez-Hernández, M. V., Arévalo-Galarza, L.,
Jaen-Contrerasa, D., Escamilla-García, J. L.,
Mora-Aguilera, A., Hernández-Castro, E.,
Cibrián-Tovara, J., Téliz-Ortiz, D. 2011.
Effect
of
Glomus
mosseae
and
Entrophospora colombiana on plant growth,

Warren, J. E., Bennett, M. A. 1997. Bio-osmopriming
tomato (Lycopersicon esculentum Mill.)
seeds for improved stand establishment.
Seed Science and Technology. 27: 488-499.

Submitted November 30, 2011 – Accepted July 09, 2012
Revised received July 09, 2012

141

