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Abstract

The presence of the aril (sarcotesta) in the papaya causes a slow and low
germination, being necessary to break the state of dormancy. Calcium hydrox-
ide that was applied in order to evaluate its scarifying effect was the objective.
The sample consisted of 60 randomly selected fruits of hermaphrodite plants
in a commercial production batch of approximately 1 ha (2222 plants) showing
commercial maturity, of homogeneous size (+2 kg). The treatments were calcium
hydroxide Ca(OH), at three doses, dipping the seed for a period of 24 h; the
standardized sodium hydroxide (NaOH) at 25% with a 15 min immersion time.
The highest germination and vigor seeds were obtained applied Ca(OH), with
highly significant differences respect to the rest treatment, especially for the dose
of 60 g 17" of water for reasons of diminishing expenses. Significant correlations
were found, with direct relations (aril and mechanical damage) and inverse rela-
tions (abnormal seeds) between the variables evaluated related to the vigor and
germination of the seeds. It can be an ecological and not expensive methodology
to improve the germination and vigor of papaya seeds in relation to other chemi-
cal compounds to scarify.

Keywords: papaya, dormancy, seed germination, scarification, vigor, aril

1. Introduction

Fruit trees play an important role in human nutrition; and among these high-
lights, the papaya, this is a crop of tropical climate, widely appreciated for being one
of the few fruit that provide continuous production throughout the year after the
start of fruiting, to possess fruits with a high nutritional value, and to achieve high
yields; generating good income to the families dedicated to their cultivation, due to
the high prices that reaches in the market [1].

1 IntechOpen
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Carica papaya Linn belonging to family Caricaceae is known as papaya in France,
United Kingdom, Mexico, Cuba, etc., papita in India, tree melon in Holland, paw paw
in Australia and United Kingdom, and mamao in Brazil. The plant is native of tropical
America. The properties of papaya fruit and other parts of the plant are also well
known in traditional system of medicine. During the last few decades, considerable
progress has been achieved regarding the biological activity and medicinal applica-
tion of papaya and now it is considered as valuable nutraceutical fruit plant [2].

The world production of papaya occurs in more than 60 countries, according to
FAO, for the year 2010, a production of 11,568,346 tons of the fruit was registered,
with the main producing countries of the highest to lowest volume: India, Brazil,
Indonesia, Nigeria, Mexico, Ethiopia, Colombia, Thailand, and Guatemala [3].

As a crop is an important source of employment, has a good yield, earliness to
enter into production, and guarantees staggered crops throughout the year. Despite
all these advantages, it does not reach the maximum productive potential, this is due
in large measure to the problematic that it manifests in terms of the quality of seed
[4]. Is consider one of the tropical fruits more appreciated for fresh consumption
and for industrialization [5]. In Mexico like in Cuba, Maradol variety is the more
cultivated, is a Cuban variety.

Different varieties of papaya are commercially propagated through seed an easy
management and low cost, without taking into account the heterogeneity caused by
crossed polinization [5].

In the sowing of papaya, it is best to use freshly harvested seeds, because while
increasing the storage time of the seed, the germination rate decreases [6]. The
majority part of the papaya sowing is done with stored dry seeds, and in this condi-
tion, the seed germination is erratic, asynchronous, slow, and incomplete [7], which
diminishes the germination percent [5]. The desiccation produces stress in the
papaya seeds when the moisture content lowers to 8.0% [8], being the cause of the
seed dormancy or metabolic quiescence [9, 10]. In Taiwan, the papaya industry is
limited by seed germination rates [11]. This is attributed to the presence of inhibi-
tors as the phenolic compounds in the sarcotesta and seed coat [12, 13], and in some
cases, the seeds lack embryos [6].

The seed is enclosed in a gelatinous sarcotesta (aril or seed coat), which is
formed from the outer integument [14]. The sarcotesta can delay germination, and
also dormancy is observed in seeds from which the aril has been removed [15].

Papaya, like many plants, presents as one of its main problems in its reproduction,
the dormancy of the seed which influences the quality of it; because by reaching its
maximum point of maturity, it initiates a period of latency produced by internal and
external factors. It is normally interrupted when the natural conditions suitable for
germination are present or when treatments are used that help to propitiate these
ideal conditions and increase the percentages of germination [16], but in vitro condi-
tions favored germination of papaya more than in vivo environment [17].

The seed of papaya is characterized by being bitegumented, since the internal teg-
ument originates the tegumen and the external one to the testa, which is multiplicative
up to 60 layers and 3 distinctive strata: endotesta, mesotesta, and exotesta (sarcotesta).
This last one of semipermeable consistency, high humidity and concentrate phenolic
compounds that, as a whole, induce latency. This causes the inhibition of fluid and gas
exchange, delayed dehydration and colonization of pathogenic microorganisms. In
[18] are mentioned others researchers who investigated this problem [19, 20].

One of the ways to break the latency of the seeds and make them have a good
quality overall, increasing the percentages of germination is using the different
methods of scarification.

The methods of scarification include physical, mechanical, and biological treat-
ments such as dry heat, the rupture of the testa, the soaking in water, and chemical
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solutions that promote the germination of the seeds, where any treatment that
destroys or reduces the impermeability is called scarification, so in some cases, it
is only enough to destroy a single point of the cover to produce the imbibitions and
exchange of gases and thus initiate the germination [21].

Apparently, latency is a survival mechanism in the presence of certain climatic
conditions: very low temperatures, alternations of dry and humid times, and desert
climates. The exact causes of the latency phenomenon are unknown, and on the
other hand, when the latency is due to testa conditions, the lethargy ends at the
moment that it cracks or weakens by mechanical or chemical actions or by effect of
the environment [22, 23].

Different seed treatments to promote germination and to reduce germination
time are mentioned in [24], sowing seeds and at warm temperatures, exposing dry
seeds to 10°C prior to sowing, drying seeds and soaking seeds in distilled water,
potassium nitrate, thiourea, sodium thiosulfate, tannic acid or ferulic acid. The
same authors described contradictory results using gibberellins on papaya seed
germination. But in your research, they demonstrated that dehydration to 5.3% or
6.9% and 6.8% moisture content, followed by exposure to subzero temperatures
and treatment with GA3, were the most favorable combined treatments to enhance
papaya seed germination.

The used of smoke water on seed germination and seedling growth of papaya,
cultivar Tainung No. 2 consistently and significantly increased the percentage of
nitrogen in roots and shoots and significantly increased the percentage of mag-
nesium in shoots. In these experiments, smoke-water showed potent germination
promotion at low concentrations and promoted multiple growth attributes such as
chlorophyll content and seedling vigor index at all concentrations in papaya seed-
ling production [11].

Pregerminative treatments are used to break the latency status of the seeds. In
[25] are mentioned stratification and scarification. Scarification is any process that
breaks, scratches, mechanically alters or softens the covers of the seeds to make
them permeable to water and gases.

Seed scarification methods have been developed and modified over time to make
these more practical and effective. Important methods of seed scarification include
heat, freeze—thaw, mechanical, and acid scarification [16].

In the scientific literature, some types of scarification are described, such
as mechanical [26-28], physical [29-31], chemical [32, 33], and biological.
Mechanical, physical, and biological scarification have disadvantages in relation to
chemical scarification, because they require more time, are laborious and inade-
quate to condition large quantities of seed; while chemical scarification still requires
more research [18], especially with calcium hydroxide.

There are chemical substances used to scarify seeds, among the most used are the
sulfuric acid [34], sodium hydroxide, and hydrochloric acid [7, 18, 20, 31]. The positive
effect of the use of NaOH in the benefit of papaya seed is that simulates natural deg-
radation of sarcotesta and improves the conditions of the seed, so it is a viable alterna-
tive for use in conditioning seed [18]. Other results have been demonstrated that the
combination of NaOH treatment and stratification is an effective practice to break Iris
lactea var. chinensis seeds dormancy and improve germination percentage [35].

Chemistry scarification is considered as one of the most effective scarification
methods used for seed scarification. Sulfur acid is the most popular and effective
chemical product for acid scarification. The effectiveness of acid scarification
depends on concentration of acid duration of scarification and species and cultivars
used [16, 36].

Traditionally, it has been used to separate the mucilage from the papaya ferment
the seeds in water at different time intervals and the sunny one for 2 or 3 h [37].
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The objective of the research was to evaluate the scarifying effect of calcium
hydroxide on the germination and vigor quality of papaya seeds, Maradol
variety.

2. Experiment location

The experiment was carried out in the Laboratory of Seed Test of the plant
of Benefit Manuel Espinosa Ramirez of the business unit of seeds base Granma,
belonging to the company producer and marketer of seeds, using seed of papaya
‘Red Maradol, collected in areas of the Experimental Station Jucaibama of the
Agricultural Research Institute Jorge Dimitrov, Bayamo, Granma province.

2.1 Development of the experiment

The sample consisted of 60 randomly selected fruits of hermaphroditic plants in
a commercial production lot of approximately 1 ha (2222 plants), showing commer-
cial maturity (two strips), of homogeneous size (+2 kg). The seeds were extracted,
and the batch was homogenized; 200 g of fresh dough were deposited with 500 ml
plastic flasks representing each experimental unit.

2.2 Treatments

The treatments were composed of the solution of calcium hydroxide (CaOH,)
at three doses (60, 80, and 120 g I'* of water) by dipping the seed for a period of
24 h, the standardized sodium hydroxide (NaOH) at 25% with a 15-min immersion
time, for a total of four treatments plus the control and six replicates. The control
consisted in fermenting in running water the seed for 24 h.

To eliminate the sarcotesta (aril), the seeds were rubbed between two jute
cloths where the time needed to remove all the aril of the material was evalu-
ated, being the optimal time to use of 15 s for each treatment given the amount
of material to process. Immediately, they were rinsed three times with running
water, spread over a sieve in the shade and at room temperature (28 + 1°C) for
drying for 48 h.

The physical quality of the seed was determined by the effectiveness of the
product, physical appearance, and mechanical damage within 3 days of the treat-
ment, compared to the control; the physiological quality was determined by the
germination percentage 7 days after sowing (vigor), being valued by the germina-
tion rate [38], and 28 days for final germination (as indicated in the germination
standard, with the method in sand). The seed was soaked for a term of 24 h and
placed in previously disinfested aluminum trays at a temperature of 100°C.

The incubation was carried out in the germinating chamber Paul Polikeit, Model
HALLE S. A, with 80% of relative humidity, 40 + 2°C of temperature and natural
light; for the sanitary quality, it was determined by assembling all the treatments
with the method between paper (BP), evaluating by observing the evidences of the
development of microflora on the seed, during the germination test.

To carry out this test, three repetitions of 25 seeds were used by extraction, it
was put to incubated in water the seeds for a time of 24 h, after the time elapsed,
each seed was sectioned in longitudinal form leaving the cotyledons visible placed
in culture tubes wrapped with aluminum foil adding a solution of 2, 3.5-triphenyl
chloride tetrazolium to 1%, and the tubes were placed in an incubator at 35 + 1°C for
atime of 2 h.



Analysis of the Effect of Scarification Process on Papaya (Carica papaya Lin.) Seeds Germination
DOI: http://dx.doi.org/10.5772/intechopen.88012

2.3 Experimental design and evaluated variables

The experimental design used was completely randomized with bifactorial
arrangement and six replicates. The variables assessed were vigor (vigor, 120, 240,
and 360 days of conservation at 4-8°C, in percent); germination (germination,
120, 240, and 360 days of conservation at 4-8°C, in percent); the time needed to
eliminate aril (s), mechanical damage, MD (%), and abnormal plants, AP (%),
according to ISTA Methodology [38].

The data for each measured variable were statistically processed to check com-
pliance with the normal distribution of the data (Kolmogorov-Smirnov test) and
the homogeneity of the variances (Bartlett test). These two premises of the analysis
of variance were not met, even after testing several data transformation equations,
so we proceeded to the application of nonparametric variance analysis through
Kruskal-Wallis, to demonstrate the existence or not of variability between treat-
ments with a probability level of 0.05. The averages (aver.) of the treatments, the
standard deviation (sd) of the mean, and the significance are shown. The multiple
comparisons between treatments were made through the differences between the
averages of the ranges [39].

We also performed analysis of partial correlations between variables with the
use of Spearman correlating coefficient, with the aim of determining the existence
of linear relationship between selected variables. Those variables that could have a
direct or inverse relationship were selected in relation to the vigor and germination
in their different times used as the aril, the mechanical damages, and the percentage
of abnormal seeds.

Statistical processing was carried out with the use of statistical packages
MINITAB 13 [40] for the test of homogeneity of variances and Infostat 2017 [41] for
the rest of the statistical analyses.

3. Results and discussion

Significant differences were found between the different treatments in the vigor
of the seeds (Table 1). The highest level of vigor of the seed was due to the use of
calcium hydroxide, more than sodium hydroxide and fermentation. This tendency
was maintained during the different storage times of the seeds at a constant temper-
ature. Significant although not shown statistically, there is evidence of a decrease in

Vigor (%)
Compound Dose 0 days 120 days 240 days 360 days
Aver. + SD Aver. + SD Aver. + SD Aver. + SD
Ca(OH), 60gl™ 80.7°+2.8 837 +2.7 773°+23 717" +57
Ca(OH), gogl™ 817"+ 1.6 812" +12 793" +23 60.0™ + 6.8
Ca(OH), 100gl™ 893"+ 1.2 82.3'+22 823"+ 17 757 +36
NaOH 25g1™" 50.3¢ + 4.2 0T +37 26.5°+ 34 6.7 +0.5
Fermentation 753+ 19 758" + 3.4 735 +35 717+ 48

Different letters indicate significant differences to p < 0.05 through the differences between the average of the ranges.

Table 1.
Effect of calcium hydroxide and sodium hydroxide with different doses on the vigor of the seeds in different
storage times.
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Germination (%)

Compound Dose 0 days 120 days 240 days 360 days
Aver. + SD Aver. + SD Aver. + SD Aver. £ SD
Ca(OH), 60gl™ 88.0" +2.18 873"+ 16 80.2+173 893" + 6.6
Ca(OH), gogl! 89.0" + 1.9 89.0 + 1.6 818 +1.2 70.5% + 8.2
Ca(OH), 100g1™! 94.0°+2.9 92.3*+2.0 853"+ 1.8 88.8%+ 4.3
NaOH 25g1™! 65.3°+ 4.2 56.0°+3.2 42.0+3.0 15.5°+ 3.1
Fermentation 83.7°+23 83.7°+27 7634429 84.3" + 6.08

Different letters indicate significant differences to p < 0.05 through the differences between the average of the ranges.

Table 2.
Effect of calcium hydroxide and sodium hydroxide with different doses in germination percentage of seeds.

the seeds vigor for all the evaluated treatments by increasing the conservation time
of papaya seeds, which suggests that it is more efficient to apply calcium hydroxide
in order to improve the response of papaya seeds with a minimum storage time.

The variability in the response of calcium hydroxide could be a consequence of
the fact that some seeds within the same batch have a more persistent dormancy
than others and that small and large seeds can be found in the same batch [42].

Sodium hydroxide reached lower percentages, even less than 60%, which is the
minimum value established for Cuba for this crop [43, 44].

The physiological quality of the papaya seed is characterized by a high sensitiv-
ity to several factors with respect to germination and vigor, considering that there
are integrating elements of great importance at the plantation level [45].

For the germination (Table 2), the application of calcium hydroxide obtained
the best results, with percentages over the 80% in comparison with the rest of
the treatments. Germination was more affected when the seeds were treated with
sodium hydroxide and to the extent that the storage time of the seed was increased.
Like the vigor, the germination percentage decreases in the treatments when the
conservation time increased.

Physiologically, these results could be interpreted as a sequence of events of
deterioration that begins with problems of functionality in the seminal membranes,
which causes an excessive flow of cellular constituents, evidenced this by the high
absorbance values and consequent loss of metabolites, the magnitude of which can
restrict the germinative process [46].

Cold stored papaya seeds maintained significantly higher germination and
better seedling vigor than the room stored seeds. With the increase in the dura-
tion of storage seed germination decreased after 20 mo. at room temperature,
it declined marginally during the same period when kept in cold storage.
Irrespective of the storage conditions, seeds kept in sealed polythene bags or
plastic bottles had better germination and seedling vigor than those on paper and
cloth bags. Shoot length and dry weight decreased significantly with the increase
in the duration of storage. Viability of papaya seeds can be maintained consider-
ably at room temperature up to 8 mo. by storing the seed in sealed, preferably
airtight, polythene bags or plastic bottles. Cold storage using polythene bags or
plastic bottle is recommended [47].

The storage conditions are very important. According to the classification of
seed storage behavior, the papaya seed is classified as recalcitrant seed [48], others
in intermediate seed [49]. In storage behavior ambient conditions, the papaya seeds
survive for a short period of time [50] and are considered intermediate between
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recalcitrant and orthodox attribute and deteriorate rapidly at higher storage temper-
atures and relative humidity. Fresh seeds give higher germination rate and seedling
vigor that will decline with increasing the storage time [51] and consider that the
best conditions for papaya seed storage is when containing 6.0% moisture and stored
at 0°C gave higher percentage of germination, lower dormancy, and seed death.

In [18], the treatment that most affected the germination was the application of
sodium hydroxide and the higher incidence of microorganisms, with high percent-
ages of plants affected by fungi, which remained even below the germination
approved for marketing, which requires, more than 60% [43].

In [52], described some pre-sowing treatments with the finality of increase
the germination, like preconditioned papaya seed at 24°C before transfer to 32°C,
soaked in KNO; for 30 min, soaking in gibberellic acid (GA3; 200 ppm) for 24 h
resulted in highest germination percentage in soil compared to a-naphthalene acetic
acid (NAA) and KNO; treatment, and using a protocol of sterilization and germina-
tion of papaya seeds in response to light emitting diodes and got 100% of steriliza-
tion and 100% of germination.

The efficiency of the different scarification methods has been demonstrated
in several investigations to favor the germinative process. In [53] were evaluated
several methods of scarification of pacain seeds (Chamaedorea sp.), where the
germination results indicated that the highest percentage was 77.8% and that cor-
responded to cold water treatment for 15 days (physical scarification), followed by
treatment with mechanical scarification by hammer blow with 77.17% compared to
the absolute control that obtained a 5.67% of germination.

With chemical scarification methods also obtained positive results [54],
and verified germination percentages of 97 and 94%, respectively, in seeds of
Centrosema macrocarpum for 10 min immersion.

The treatments used release the aril at different time intervals and there are
differences between them in relation to the mechanical damage and the quantity
of abnormal seeds of the Maradol variety (Table 3). The best results were obtained
when calcium hydroxide was applied at the 100 17" dose and with sodium hydroxide.
Those compounds only needed an average time of 12 s to achieve an efficiency
in the detachment of the aril, while with the application of the control dose, the
worst results were obtained, with an average of 38 s that in some cases reached
reaching more than 420 s to achieve the release of the aril, so that with this result,
it is inferred that to work 25 kg of wet seeds, it would take approximately 38 min
if treated with sodium hydroxide or calcium hydroxide in 100 1 dose and approxi-
mately 106 min for the case fermented only with water.

Compound Dose Aril (s) MD (%) AP (%)
Aver. + SD Aver. + SD Aver. + SD
Ca(OH), 60gl™ 212 +13 1.0°+09 15%+15
Ca(OH), 80gl™ 1779+ 25 1.0°+09 0.7a 1.0
Ca(OH), 100gl™ 133"+ 14 0.5+ 0.6 04*+0.7
NaOH 25g17" 12.0°+ 09 0.5'+0.2 33"+ 1.0
Fermentation 3770+ 6.3 92°+12 0.8+ 0.9

Different letters indicate significant differences to p < 0.05 through the differences between the average of the ranges.

Table 3.
Effect of calcium hydroxide and sodium hydroxide with different doses in the time (s) of detachment of the
seed’s aril.
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When carrying out an essay [55], with different methods to improve the germi-
nation of four forage shrubs legumes [Tagasaste (Cytisus proliferus) and three spe-
cies of Teline (Genista)], obtained the most encouraging results for the elimination
of the aril in the treatment with concentrated sulfuric acid for 30 min, demonstrat-
ing the effectiveness of chemical compounds in the scarification of seeds.

Refs. [7, 20] observed a negative effect on the papaya germination due to the pres-
ence in the aril or sarcotesta of inhibitory substances. It is also said that the marked
decrease in germination, in the presence of sarcotesta is due to the low oxygenation of
the seeds, which is why it is recommended to remove it. Likewise, in a study carried
out in Honduras with seeds of the papaya, Maradol variety, higher percentages of
germination were obtained with freshly harvested and oared seeds (83%), while fresh
seeds with burned arils showed a lower percentage of germination, with 75% [56].

Similar results presented by [18, 20] which treated seeds with very corrosive
products not only the germination is affected, but that several plants emerged
with problems fundamentally in the radicle and hypocotyl, assuming the influ-
ence of other factors such as fluctuation in the moisture of the seed in the time of
conservation.

The variables that were selected for the multiple correlation analyses
(Table 4) showed that the release of aril seed correlated significantly with ger-
mination and vigor 360 days, positively and in a mean size. No correlations were
found between this variable and the rest of the values of germination and vigor
evaluated. Candiani et al. [57] concluded that the germination of Michelia cham-
paca L. seeds is hindered probably due to the presence of inhibiting substances
in the aril, is considered as endogenous causes of seed dormancy which include
factors such as phytohormones, or by interference with water uptake [58]. Abscisic
acid (ABA) is the key inhibitor of germination in Taxus yunnanensis seeds during
wet sand storage [59].

The mechanical damage caused to the seeds during this process in this experi-
ment did not correlate with the different levels of germination and vigor that were
studied; however, the percentages of abnormal plants in the different time intervals
evaluated showed a significant correlation, with medium to high values, but inverse
and indicates that as the percentage of abnormal plants increases in a seed lot, the
number of seeds germinates decreases and the vigor. Germination vigor is driven by
the ability of the plant embryo, embedded within the seed, to resume its metabolic
activity in a coordinated and sequential manner.

Correlations analysis

Aril MD Adnor
Ger 0 0.13ns 0.07 ns -0.74
Ger120 0.24 ns 0.15ns -071
Ger240 0.25ns 0.18 ns -072
Ger360 0.46 0.34ns -0.70
Vigor 0.13ns 0.08 ns -0.73
Vigor120 0.28 ns 019 ns -0.70
Vigor240 0.30 ns 0.22ns —0.69°
Vigor360 0.46 0.34 ns -0.70°

Ger is germination, MD is mechanical damage, and adnor is adnormal plants.
Indicate significant differences to p < 0.005.

Table 4.
Spearman correlations coefficient between variables.
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Was analyzed the vigor tests on lettuce (Lactuca sativa L.) seeds and their cor-
relation with emergence [60], demonstrated that saturated salt accelerated aging
and digital image analysis were the best laboratory tests for lettuce seed vigor evalu-
ation, especially for seed lots to be used for plug seedling production. In some case,
the use of seed vigor tests is used to predict field emergence in plants, like lucerne
(Medicago sativa) [61].

In studies [62] about studied the correlations of seed germination percent of
two sweet corn hybrids (Zea mays L.) with field emergence and some measured
traits related to yield, the results of correlation analysis indicated that there was a
high positive correlation between seed germination ability and vigor with seed-
ling field emergence and most of the measured traits, as the percent of the radicle
emergence.

The germination vigor depends on multiple biochemical and molecular vari-
ables. Their characterization is expected to deliver new markers of seed quality that
can be used in breeding programs and/or in biotechnological approaches to improve
crop yields [63].

Calcium hydroxide has great potential to be used as biocide in agriculture,
because it has the advantage of not being phytotoxic, is economic and easy to use
and is harmless to the environment and to humans. Decreased Ca levels in the nutri-
ent medium reduced soybean leaf dry matter during seed fill, seed production, seed
Ca concentration, and seed germination and increased the incidence of seedling
disorders such as watery hypocotyl and epicotyl necrosis [64].

In [65] performed standard germination tests, germination and growth rate,
accelerated aging, electrical conductivity, respiration rate and ATP content, to eval-
uate the vigor of the seeds of Bromus biebersteinii Roem & Schult and determined
that the correlations with the behavior in the field of that forage were accelerated
aging, respiration rate, and ATP content. The cited authors conclude that a vigor
test alone is not adequate to measure the quality of seed lots. A combination of tests
which measure both physiological and biochemical aspects should be used.

Some researches [66] showed that seed size is an important factor for germi-
nation and seedling vigor, establishing that larger seeds produce more vigorous
seedlings but with slower emergence. So it can be argued that by using the largest
scarified seeds that we have, we can help considerably to decrease the percent of
abnormal plants and at the same time increase the vigor and the percentage of
germination, variables evaluated in the present investigation.

To correlate characters related to seed germination, is important to investigate
the effects of environmental factors prevailing during seed maturation under
controlled conditions to understand exact reasons for unusual seed dormancy and
germination requirements, for example, the germination of Citrullus colocynthis
(Cucurbitaceae) is very sensitive to light and incubation temperature as well as to
the environmental conditions associated with the time of seed maturation [67]
and seed dormancy is a temporary failure of a viable seed to complete germination
under normally favorable physical environmental conditions [33].

Seed germination tests assess the ability of the seed to produce a healthy plant
when placed under favorable environmental conditions. Germination tests are
conducted for a prescribed time period under laboratory conditions that assure
optimum moisture, temperature, and light. Unfortunately, these conditions are
seldom encountered in the field, and field emergence may be overestimated by
standard germination tests. Seed lots that have low germination also are less vigor-
ous due to seed deterioration. As seeds deteriorate, loss of vigor precedes loss of
viability, so seeds with low germination usually will be less vigorous. Hence, in seed
lots with poor germination, those seeds that do germinate often produce weaker
seedlings with reduced yield potential. However, some species (such as many native
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grasses) have inherently low germination potential and cannot be assumed to have
poor vigor due to low germination. Seed vigor usually cannot be assessed by the
consumer. Germination is a good indicator of seed vigor [63, 68].

Using efficient methods to scarify papaya seeds can increase the germination
percentages of seeds, only if there is good control of environmental factors, because
papaya seed germination is affected by light, temperature, oxygen, pH, and the
moisture of the substrate [7].

It is necessary to conduct researches about the biometric and morphological
characteristics of fruit and seeds, aiming at the maximum germination capacity
and seed vigor [69], because biometric studies of seeds and their phenotypical
correlations allow the quantitative evaluation of a character’s relevance in relation
to another [70]. It continues to investigate the correlations between the different
indicators that can characterize the quality of the seeds. In adaptive correlations
between seed size and germination time [71], present a model for the coevolution of
seed size and germination time within a season when both affect the ability of the
seedlings to compete for space and show that even in the absence of a morphological
or physiological constraint between the two traits, a correlation between seed size
and germination time is nevertheless likely to evolve.

Seed germination is a complex process and we need to understand the underly-
ing molecular, hormonal, and mechanical aspects [72]. The environment during
seed production has major impacts on the behavior of progeny seeds [73]. For that
reason, the seed biology is considered the principal research topic for food security
take into consideration the climate change [72].

Nowadays, there are advances in the propagation of papaya by biotechnological
methods. Efficient micropropagation of papaya has become crucial for the multi-
plication of specific sex types of papaya and in the application of genetic transfor-
mation technologies. Significant progress has been achieved using organogenesis
and somatic embryogenesis as the shoot tip, axillary bud and single node culture,
organogenesis, anther and ovule culture, and regeneration from protoplasts, callus
induction and somatic embryogenesis and the mass propagation by ex vitro rooting
and acclimatation [74].

4, Conclusions

In natural conditions, the germination of papaya seeds has difficult by the
presence of aril (sarcotesta) that become in a physical barrier which limits the dif-
fusion of water and gases into the seeds and by the effect of phytohormones which
preventing germination of seeds, causing dormancy, limiting the development of
the embryos and causes a low and variable germination affecting the final percent-
age. This problem can be solved with the scarification of papaya seed. The results
of this research showed that the dormancy by the presence of aril is produced in the
papaya seed can be broken with the use of NaOH; but higher results were achieved
with the use of calcium hydroxide, Ca(OH),. The results suggested that chemical
scarification with calcium hydroxide can improve germination percentage and vigor
of the papaya seeds, take into account that the seed is considered the major essential
input in crop production. If the seed quality parameters (vigor, germination rate)
decrease, the yields are affected. The scarification of papaya seeds with the use of
calcium hydroxide for its proven effect in this research on the benefit of papaya
seeds and easy acquisition and will reduce the costs of seed. But a good germination
of the papaya seedlings depends on the many environmental factors and excellent
agronomy practice. Finally, the effectiveness of scarification methods could change
among cultivars within the papaya specie.

10



Analysis of the Effect of Scarification Process on Papaya (Carica papaya Lin.) Seeds Germination
DOI: http://dx.doi.ovg/10.5772/intechopen.88012

Author details
Sergio Rodriguez™, Iramis Vargas®, Asterio Hijuelo’, Frederique Loumeto®,
Juan J. Silva’, Jorge Pérez!, Quirino Arias®, Yanexis Fonseca’, Yarisbel Gémez?,

Michel Baldoqul'n3, Daliannis Oliva’

1 Plant Biotechnology Study Center, Faculty of Agricultural Science,
University of Granma, Cuba

2 Seed Production and Marketer Enterprise, Ministry of Agriculture,
Bayamo, Granma, Cuba

3 Faculty of Agricultural Science, University of Granma, Cuba
4 Educagri, Ministry of Agriculture and Food, French, Guiana

5 Applied Chemistry Study Center, Faculty of Engineering, University of Granma,
Cuba

*Address all correspondence to: srodriguezr@udg.co.cu

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

11



Seed Dormancy and Germination

References

[1] Gallardo D. Analisis de la
comercializacién de la papaya variedad
Maradol (Carica papaya) producida en
el municipio de Tapachula, Chiapas para
exportacion al mercado estadounidense
[Internet]. 2016. Available from: http://
repositorio.uaaan.mx:8080/xmlui/
handle/123456789/8076 [ Accessed:
2019-01-18]

[2] Yogiraj V, Kumar P, Singh C,
Goyal A, Vyas B. Carica papaya Linn:
An overview. International Journal of
Herbal Medicine. 2014;2:01-08

[3] Food and Agriculture Organization
of the United Nations (FAO). FAOSTAT
database. 2016

[4] Pefia I. Enfermedades virales en el
cultivo del papayo (Carica papaya L.).
Revista CitriFrut. 2008;25:13-23

[5] Andrade M, Ayala ], Alial,
Rodriguez H, Acosta C, Lopez V. Effect
of germination promoters and
substrates in the development of papayo

seedlings. Revista de la Facultad de
Agronomia—LUZ. 2008;25:617-635

[6] Nagao MA, Furutani SC. Improving
germination of papaya seed by

density separation, potassium nitrate,
and gibberellic acid. HortScience.
1986;21(6):1439-1440

[7]1 Lange A. Effect of the sarcotesta on
germination of Carica Papaya. Botanical
Gazette. 1961;122:305-310

[8] Ellis RH, Hong TD, Roberts EH. Effect
of storage temperature and moisture on
the germination of papaya seeds. Seed
Science Research. 1991;1:69-72

[9] Magill W, Deighton N, Pritchard HW,
Benson EE, Goodman BA. Physiological
and biochemical studies of seed

storage parameters in Carica papaya.
Proceedings of the Royal Society of
Edinburgh. 1994;102B:439-442

12

[10] Wood CB, Pritchard HW,
Amritphale D. Desiccation induced
dormancy in papaya (Carica papaya L.)
seeds is alleviated by heat shock. Seed
Science Research. 2000;10:135-145

[11] Chumpookam ], Huey L,

Ching S. Effect of smoke-water on

seed germination and seedling growth
of papaya (Carica papaya cv. Tainung
No. 2). HortScience. 2012;47(6):741-744

[12] Reyes MN, Pérez A, Cuevas J.
Detecting endogenous growth
regulators on the sarcotesta,
endosperm and embryo by paper
chromatography on fresh and old
seeds of two papaya varieties. Journal

of Agriculture-University of Puerto
Rico. 1980;64:164-172

[13] Chow Y], Lin CH. p-Hydroxy
benzoic acid as the major phenolic
germination inhibitor of papaya
seed. Seed Science and Technology.
1991;19:167-174

[14] Andreoli C, Khan A. Improving
papaya seedling emergence by
matriconditioning and gibberellin
treatment. HortScience.
1993;28(7):708-709

[15] Yahiro M, Oryoji Y. Effects of
gibberellins and cytokinin treatments
on the promotion of germination

in papaya, Carica papaya L., seeds.
Memoirs of the Faculty of Agriculture,
Kagoshima University. 1980;16:45-51

[16] Kimura E, Islam M. Seed
scarification methods and their use in
forage legumes. Research Journal of See
Science. 2012;5:38-50. DOI: 10.3923/
1jss.2012.38.50

[17] Bhattacharya J, Khuspe S. In vitro
and in vivo germination of papaya
(Carica papaya L.) seeds. Scientia
Horticulturae. 2001;91:39-49. DOI:
10.1016/S0304-4238(01)00237-0



Analysis of the Effect of Scarification Process on Papaya (Carica papaya Lin.) Seeds Germination

DOI: http://dx.doi.org/10.5772/intechopen.88012

[18] Romero ], Mejia J, Carballo A,

Lépez A, Rangel], Avila C. Escarificacién
quimica de semilla de papaya. Revista
Mexicana de Ciencias Agricolas.
2013;4:947-954. DOLI: 10.29312/remexca.
v4i6.1162

[19] Kubitzki K. Caricaceae. In:
Kubitzki K, Bayer C, editors. The
Families and Genera of Vascular Plants.
Vol. 5. Berlin: Springer-Verlag; 2003.
pp. 57-61

[20] Tokuhisa D, Dias D, Alvarenga E,
Dias L, Marin S. Tratamentos para
superacao da dorméncia em sementes de

mama3o. Revista Brasileira de Sementes.
2007;29:131-139

[21] Zare S, Tavili A, Javad M. Effects
of different treatments on seed
germination and breaking seed
dormancy of Prosopis koelziana and
Prosopis juliflora. Journal of Forestry
Research. 2011;22:35-38. DOI: 10.1007/
s11676-011-0121-8

[22] Sanabria D, Silva R, Oliveros M,
Barrios R. Escarificacién quimica y
mecanica de semillas subterraneas de

Centrosema Rotundifolium. Bioagro.
2001;13:117-124

[23] Varela SA, Arana V. Latenciay
germinacion de semillas. Tratamientos
pregerminativos. In: Varela SA,
Aparicio A, editors. Serie técnica:
“Sistemas Forestales Integrados” Area
Forestal —INTA EEA Bariloche Seccién:
“Silvicultura en vivero”. 2017. pp. 3-6.
Cuadernillo N° 3: ISSN: 1853-4775

[24] Salom3o A, Mundim R.
Germination of papaya seed in response
to desiccation, exposure to subzero

temperatures, and gibberellic acid.
HortScience. 2000;35(5):904-906

[25] Diirr C, Dickie ], Yang X,
Pritchard H. Ranges of critical
temperature and water potential
values for the germination of species
worldwide: Contribution to a seed

13

trait database. Agricultural and Forest
Meteorology. 2015;200:222-232. DOI:
10.1016/j.agrformet.2014.09.024

[26] Goor AY, Barney CW. Forest
Tree Planting in Arid Zones. 2nd ed.
New York: The Ronald Press; 1976. 504 p

[27] Cabello A, Camelio M. Germinacién
de semillas de maitén (Maytenusboaria)
y produccién de plantas en vivero.
Revista Ciencias Forestales. 1996;1:3-17

[28] Pérez A. Evaluacién de doce
métodos de escarificado en semillas de
Chonte (Zanthoxylum aguilarii) y Canoj
(Ocoteaguate malensis) en el Asintal,
Retalhuleu [thesis]. Quetzaltenango,
Guatemala: 2008

[29] Sanchez Y, Ramirez M. Tratamientos
pregerminativos en semillas de

Leucaena leucocephala (Lam.) de Wit.

Y Prosopisjuliflora (Sw.) DC. Revista

de La Facultad de Agronomia.
2006;23:257-272

[30] Coronel de Renolfi M, Cardona G,
Ewens M, Ibarra E. Productividad y
requerimientos de mano de obra enla
produccién comercial de plantines de
algarrobo blanco (Prosopis alba). El
caso del vivero forestal de la Estacién
Experimental Ferndndez, Santiago del
Estero. Quebracho. 2013;21:26-38

[31] Jones C, Stevens M, Jolley V,
Hopkins B, Jensen S, Turner D, et al.
Evaluation of thermal, chemical, and
mechanical seed scarification methods
for 4 Great Basin lupine species. Native
Plants Journal. 2016;17:5-17

[32] Vilela A, Ravetta D. The effect of
seed scarification and soil-media on
germination, growth, storage, and
survival of seedlings of five species of
Prosopis L. (Mimosaceae). Journal of
Arid Environments. 2001;48:171-184.
DOI: 10.1006/jare.2000.0735

[33] Baskin JM, Baskin CC. A
classification system for seed dormancy.



Seed Dormancy and Germination

Seed Science Research. 2004;14:1-16.
DOI: 10.1079/SSR2003150

[34] Rostami A, Shavasar A. Effects of
seed scarification on seed germination
and early growth of olive seedlings.

Journal of Bioloical Sciences.
2009;9:825-828

[35] Sun'V, Zhang Y, Wang K, Qiu X.
NaOH scarification ans stratification
improve germination of iris lacteal
var. chinensis seed. HortScience.
2006;41:773-774. DOI: 10.21273/
HORTSCI1.41.3.773

[36] Alderete A, de la Cruz N, Guerra J,
Guevara E, Gelabert R. Promotion of
germination of Bauchinia divaricata

L. seeds by effects of chemical
scarification. Research Journal of See
Science. 2011;4:51-57. DOI: 10.3923/
1jss.2011.51.57

[37] Garcia JL, Vazquez ME, Torres MA,
Davila SI, Sanchez D. Métodos de
extraccion de semilla en papaya Golden
y larelacién con la longevidad. Revista

Mexicana de Ciencias Agricolas.
2011;2(2) Texcoco

[38] ISTA—International Seed Testing
Association. International Rules for
Seed Testing Edition 2005. Basserdorf,
CH-Switzerland: International Seed
Testing Association (ISTA); 2005

[39] Conover W]J. Practical
Nonparametric Statistics. New York,
USA: Wiley; 1999. 462 p

[40] Minitab Inc. Minitab Statistical
Software, Version 13 to Windows. State
College, Pennsylvania: EUA; 2009

[41] Balzarini MG, Gonzalez L,
Tablada M, Casanoves F, Di Rienzo JA,
Robledo CW. Infostat. Manual del
Usuario. Cérdoba, Argentina: Editorial
Brujas; 2008

[42] Milberg P, Andersson L,
Thompson K. Large-seeded species are

14

less dependent on light for germination
than small-seeded ones. Seed Science
Research. 2000;10:99-104. DOI: 10.1017/
S0960258500000118

[43] NRAG. Norma cubana para el
cultivo No 120. Semillas de papaya.
MINAG. Base legal de la direccién de
semillas. Republica de Cuba: Ministerio
de la Agricultura; 2011. pp. 83-93

[44] Ramos R, Hernandez V,

Ramos J. Tecnologia para la Produccién
y Beneficio de Semillas de la Papaya
(Carica papaya L). Empresa de Semillas.
ACTAF. MINAG. La Habana: Editora
Agroecoldgica; 2018. p. 35

[45] Serbell6 F, Mesa ], Soto R. Efecto de
diferentes alternativas biolégicas, sobre
el porcentaje y velocidad de germinacién
de las semillas de fruta bomba

(Carica papaya L.). Agroecosistemas.
2014;2:247-253

[46] Bewley JD, Black AM. Seeds:
Physiology of Development and
Germination. 2nd ed. NY, USA: Plenuim
Press; 1994. 445 p

[47] Singh RM, Singh ID. Effects of
method and duration of storage on
seed germination and seedling vigour
in papaya (Carica papaya L.). Seed
Research. 1981;9:67-72

[48] Hofmann P, Steiner AM. An
updated list of recalcitrant seeds.
Landwirtschaftliche Forschung.
1989;42:310-323

[49] Ellis RH, Hong TD, Roberts EH.
An intermediary category of
seed behaviour? 1. Coffee.

Journal of Experimental Botany.
1990;41:1167-1174

[50] Ellis RH. Revised table of seed
storage characteristics. Plant Genetic
Resources Newsletter. 1984;58:16-33

[51] Zulhisyam AK, Tse C, Anwar A,
Azwanida NN, Shazani S,



Analysis of the Effect of Scarification Process on Papaya (Carica papaya Lin.) Seeds Germination

DOI: http://dx.doi.org/10.5772/intechopen.88012

Jamaludin MH. Effect of storage
temperature and seed moisture contents
on papaya (Carica papaya 1.) seed
viability and germination. Journal of
Sustainability Science and Management.
2013;8(1):87-92

[52] Giang DT, Pham V, Tanaka M,
Teixeira J. Sterilization and germination
of papaya (Carica papaya L.) seed and
response to LEDs. Seed Science and
Biotechnology. 2011;5(1):56-58

[53] Charuc JF. Evaluacién de métodos
de escarificacion en semillas de Pacaina
(Chamaedorea sp). Chimaltenango
[thesis]. México: Universidad Rafael
Landivar; 2016. 59 pp

[54] Farifias J, Sanabria D, Silva R.
Escarificacién quimica de semillas de
tres especies de Centrosema para sabanas
bien drenadas. Zootecnia Tropical.

1997;15:221-237

[55] Chinea E, Barquin E,

Garcia A. Methods of seed germination
in four leguminous forage shrubs.
Sustainable grassland productivity. In:
Proceedings of the 21st General Meeting
of the European Grassland Federation.
Badajoz, Spain; 3-6 April 2006.

pp. 143-145

[56] Avila E. Efecto de tratamientos,
pregerminativos en la germinacién de
semillas de papaya (Carica papaya)
[thesis]. Honduras: Zamorano; 2007

[57] Candiani G, Galetti M,

Mendes V. Seed germination and
removal of Michelia champaca L.
(Magnoliaceae) in eucalypt stands:

The influence of the aril. Revista
Arvore. 2004;28:327-332. DOI: 10.1590/
S0100-67622004000300002

[58] Norman, JC. Germination of
Michelia champaca seeds after various
short storage and seed coat treatments.
Proceedings of the International Seed
Testing Association. Vol. 36. 1971.

pp- 335-342

15

[59]1 Bian F, Su ], Liu W, Li S. Dormancy
release and germination of Taxus
yunnanensis seeds during wet sand
storage. Scientific Reports. 2018;8:3205.
DOI: 10.1038/s41598-018-21469-9

[60] Contreras S, Barros M. Vigor tests
on lettuce seeds and their correlation
with emergence. Ciensia e Investigacion
Agraria (in English). 2005;32:3-10. DOI:
10.7764/rciav32i1.301

[61] Wang Y, Yu L, Nan Z. Use of seed
vigour tests to predict field emergence
of Lucerne (Medicago sativa). New
Zealand Journal of Agricultural
Research. 1996;39:255-262. DOI:
10.1080/00288233.1996.9513184

[62] Divsalar M, Oskouei B, Sheidaei S.
Study on correlation of seed
germination percent of two sweet
corn hybrids with field emergence and
some measured traits related to yield.
Journal of Applied Environmental and
Biological Sciences. 2016;6:44-50

[63] Rajjou L, Duval M, Gallardo K,
Catusse ], Bally ], Job C, et al. Seed
germination and vigor. Annual
Review of Plant Biology.
2012;63:507-533. DOI: 10.1146/
annurev-arplant-042811-105550

[64] Burton MG, Lauer MJ,
McDonald MB. Calcium effects on
soybean seed production, elemental

concentration, and seed quality. Crop
Science. 2000;40:476-482

[65] Hall R, Wiesner L. Relationship
between seed vigor tests and field
performance of Regar Meadow
Bromegrass. Crop Science. 1990;30:
967-970. DOI: 10.2135/cropscil990.001
1183X003000050001x

[66] Maranville ], Clegg M. Influence of
seed size and density on germination,
seedling emergence and yield of

grain Sorgun. Agronomy Journal.
1977;69:329-330. DOI: 10.2134/agronj19
77.00021962006900020032x



Seed Dormancy and Germination

[67] El-Keblawy A, Shabana H,
Navarro N, Soliman S. Effect of
maturation time on dormancy and
germination of Citrullus colocynthis
(Cucurbitaceae) seeds from the
Arabian hyper-arid deserts. BMC Plant
Biology. 2017;17:263. DOI: 10.1186/
s12870-017-1209-x

[68] Erker B. Improve yield with high
quality seed [Internet]. Fact Sheet

No. 0.303. Crop Series. Production.
Colorado State University Extension.
2014. Available from: https://extension.
colostate.edu/docs/pubs/crops/00303.
pdf [Accessed: 2019-05-05]

[69] das Gragas Souza A,

Smiderle O, Spinelli V, de SouzaR,
Bianchi V. Correlation of biometrical
characteristics of fruit and seed
with twinning and vigor of Prunus
persica rootstocks. Journal of Seed
Science. 2016;38(4):322-328. DOI:
10.1590/2317-1545v38n4164650

[70] Felizardo S, Freitas A, Marques N,
Bezerra D. Caracteristicas biométricas
de frutos e sementes de Oenocarpus
bataua Mart. com procedéncia de
Almeirim, Para. Revista Verde de
Agroecologia e Desenvolvimento
Sustentavel. 2015;10:9-15. DOI:
10.18378/rvadsv10i5.3672

[71] Geritz S, Gyllenberg M,

Toivonen J. Adaptive correlations
between seed size and germination
time. Journal of Mathematical Biology.
2018;77:1943-1968. DOI: 10.1007/
s00285-018-1232-z

[72] Steinbrecher T, Leubner G. Tissue
and cellular mechanics of seeds. Current
Opinion in Genetics & Development.
2018;51:1-10. DOI: 10.1016/j.
gde.2018.03.001

[73] Penfield S, MacGregor DR. Effects
of environmental variation during
seed production on seed dormancy and

germination. Journal of Experimental
Botany. 2017;68:819-825

16

[74] Teixeira JA, Rashid Z, Tan D,
Sivakumar D, Gera A, Teixeira M, et al.
Papaya (Carica papaya L.) biology

and biotechnology. Tree and Forestry
Science and Biotechnology.

2007;1(1):47-73



