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Abstract

The objective of this work was to determine the effect of water pre-conditioning on the percentage
of germination and emergence of Capsicum chinense. The seeds were cultivated during the
productive cycle from December 2015 to February 2016. For the pre-conditioning, the seeds were
imbibed with 2.5, 3.5, 5, 7.5 and 10 ml of water. The volume of 7.5 ml was used as a reference.
Germination results indicate that the three best imbibition volumes were 2.5, 3.5 and 5 mL, with a
Pearson correlation of -0.905 (p= 0.000) between the volume of water and the percentage of
accumulated germination, as well as the decrease of the germination time 50. Subsequently, the
same seeds were transplanted to evaluate the emergence. The best imbibition volumes for the
emergency were, in that order, 3.5, 5 and 2.5 ml. In the emergency, the volume with the best
percentage of germination (2.5 ml) occupied the third place, which modified the Pearson
coefficient to -0.641 (p= 0.01). The results suggest that a certain degree of stress, generated by the
decrease in water supply, favors germination and establishment, which could be related to the
synthesis and accumulation of ethylene within the germination system. On the other hand, the
increase in the diameter of the water film generates a decrease in the availability of oxygen. The
contribution of the present work was to demonstrate that the correct hydration of the seeds
influences later stages of germination, without adding growth regulators.

Keywords: Capsicum chinense, germination, water preconditioning.

Reception date: August 2018
Acceptance date: October 2018

1703


mailto:alehz74@yahoo.com.mx

Rev. Mex. Cienc. Agric. vol. 9 num.8 November 12 - December 31, 2018

Introduction

Capsicum sp. cultivation has cultural and economic relevance in Mexico; in recent years, it has
started to take on considerable economic importance worldwide. Even though, Mexico is
considered one of the centers of origin and diversification of chilli, Montes et al. (2010), Perez-
Castafieda et al., 2015) this crop is successfully cultivated in China, Turkey, Indonesia, Spain
and USA,; according to FAO (2014) these countries together with Mexico are the six largest
producers of chilli worldwide. In 2013, China was the first producer country with 15 800 000 t
followed by Mexico with a 2 294 400 t production, which equals to 56 and 8% of the world
production, respectively FAO (2014). There are also local species that have commercial
success and its cultivation is protected by designation of origin. In particular, for Capsicum
chinense Jacq (best known as habanero chili), the agricultural sector of the Yucatan Peninsula,
Mexico, obtained the denomination of origin in 2005 and in 2012, its annual production reached
2 615 t with a value of $28 487 070.00 mexican pesos (SIAP, 2012; Moo-Mufioz et al., 2016).

Unfortunately, C. chinense producers have reported important problems associated to its
cultivation, such as the low quality seeds, viability loss due to storage time and as a result, high
costs of the seeds that reflects on an increase on the production costs Garrufia-Hernandez (2014);
Moo-Mufioz et al. (2016). Some authors attribute these problems to the physiological
characteristics of C. chinense Garrufia-Hernandez (2014), while others associate them with poor
management during cultivation or drying and storage of the seeds (Moo-Mufioz et al., 2016). In
order to overcome these disadvantages, different strategies have been explored: i) assurance of
physiological quality during seed development by optimizing the drying process; ii) use of
phytoregulators to enhance production of viable fruits and therefore, seeds viability Zarate-Garcia
et al. (2014) and iii) analyzing the effect of water preconditioning supplemented with gibberellic
acid (GA3) and abscicic acid (ABA) to improve germination and decrease seed viability loss (Moo-
Mufioz et al., 2016).

Research has shown that seed quality is genetically determined (conditioning physiological
processes), although there are other factors involved such as nutrition and health of the parent
plant and storage conditions. However, since the decrease on viability and loss of germination
ability are still not clearly explained, it is interesting to investigate if this behavior can be
reverted by treatments prior to sowing that reduce the time required to radicle protrusion
(germination) and emergence of the seedlings and that together are called preconditioning
(Nicasio-Arzeta et al., 2011). There are several preconditioning methods that can be classified
in a) osmotic, b) matric, c) water stress (Heydeker et al., 1973; Taylor, 1981; Igbaar y Ashraf,
2005; Artola et al., 2010; Hacisalhoglu y Ross, 2010; Mavi et al., 2010; Sanchez y Mufioz,
2010; Moo-Mufoz et al.,, 2016). In water stress preconditioning, water availability for
germination is regulated by limiting the quantity and time of hydration (Nicasio-Arzeta
etal., 2011).

These studies focused on one specific phenological stage and do not give details about the effect
of the evaluated treatments on subsequent development stages, but only on germination, emergence
and establishment (sprout of the first true leaf), which means that it has not been investigated if the
effect of preconditioning treatments on plant development is lasting. Since an adequate imbibition
allows the reactivation of metabolic processes such as enzyme activation, mechanisms for
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membrane, DNA and protein repair, cell elongation and radicle appearance, it has been widely
reported that water availability is essential for seed germination Dubreocq et al. (2000); Maldonado
et al. (2003); therefore, plants should synchronize their growth cycles with and adequate water
supply (Foley and Fenhimoe, 1998; Maldonado et al., 2003). There is not information on water
requirements for Capsicum chinense; the objective of this research was to determine if water
preconditioning of Capsicum chinense Jacq var Jaguar is enough to improve germination and
emergence percentages.

Materials and methods

Biological material

Capsicum. chinense, var. Jaguar mature seeds were obtained from the INIFAP experimental
field Las Huastecas, Tampico, Tamaulipas, Mexico. Seeds were sown in the December 2015 -
February 2016 productive cycle. Seeds were treated with PIRIMFOS and THIRAM 42% by
the supplier and then, vacuum packed in a dark bag. In the laboratory, seeds were divided in
subsets of 300mg of seeds, packed in 7 x 5 cm transparent polyethylene bags and stored at
approximately 25°C.

Preconditioning experiment and germination evaluation

First, we performing the germination test using rolling paper, according ISTA criteria (2016,
chapter 5, subsection 5.6.2.1.1, “Between paper”) and we noticed that, the maximum percentages
of germination were very low. Additionally, when performing the morphometric evaluations, the
roots tended to injure themselves and finally, it was difficult to control the amount of water
supplied. Then, we opted for performed other ISTA method; “Top of paper” in Petri dishes, the
sequence is illustrated in the Figure 1.

Figure 1. Petri dish preconditioning of Capsicum chinenese. The numbers are describing in the text.
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Preconditioning and germination were performed in 8.5 cm-diameter Petri dishes (ISTA, 2016
ch. 5 subsections 5.6.2.1.1), with the follow modifications: two circle of paper food grade
(estraza) were placed inside (1), and moistened with the different volumes of water: 2.5, 3.5, 5,
7.5 and 10 ml (3), 20 seeds were distributed equidistant manner, on this circles of paper (4).
Later, a layer of white flannel, previously washed three times with distilled water and dry, was
placed above seeds (5). The water volume 7.5 mL was used as control. This water volume was
adjusting to petri dish’s diameter employed (8.5 c¢cm diameter), considered that Garrufa-
Herndndez (2014) employed the volume of 8 mL in Petri dish’s 9 cm-diameter. Finally, the dishes
were sealed with a layer of flexible food grade polyvinyl chloride film (EGAPACK®) (6) and
incubated in a germinator chamber for 4 days at 29 +0.5 °C, with photoperiod control at 12h
light/12h dark (7). From day 4 after imbibition start (DAIS), the seal was opened quickly and
carefully, to verify germination daily.

Four variables were evaluated in the preconditioning experiments: 1) cumulative germination
percentage, 2) cumulative emergence percentage, 3) radicle length and 4) seed dormancy period
(days passed until the first germinated seed).

Cumulative germination was registered daily until day 9 after imbibition start (9 DAIS) because
in pilot experiment, when the percentage germination in 7.5 ml was similar to reported by
Garrufia-Hernandez (2014), the fast treatment has been completed the emergency inside Petri’s
dish. Germination criteria was that the protruded root reached 1mm long. Germinated seeds at
9 DAIS were transplanted to polystyrene pots with 5 g of Miracle-Gro (The Scotts Lawn
Company, Ohio USA), 0.21 N -0.11 P -0.16 K. Seeds were placed at a 2.5 cm depth and the
pots were incubated in a growth chamber under the conditions previously described, watered
daily with 3 ml of distilled water and observed for the following 10, 13, 14 and 15 DAIS, for
registering the emergence of the cotyledons from the substrate. Three independent replicates
with three repetitions each one were made for each evaluated volume (n= 9). Quantitative
values were calculated as follows.

Total germination capacity or cumulative total germination percentage (CTG %).

nF

R 100
— (100)

CTG %=

Where: nFPR= final protruded radicle at 9 days after imbibition start (DAIS); n= number of seeds
used per repetition.

Inferred time to reach 50% germination (GT50) and 90% germination (GT90). It was calculated
by PROBIT test using the cumulative germination value.

Total emergence percentage or cumulative emergence percentage (CE%).

TSEC
n

n
CE %=

(100)

Where: nTSEC= number of total seedlings with emerged cotyledons at 15 DAIS; n= number of
seeds used per repetition.
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Time when 90% seedling has emerged (ET90). It was calculated by PROBIT test using the
cumulative emergence values.

Cumulative radicle length (CRL).
> RL

n

CRL=

Where: }; RL=sum of radicle length at the determined time; n= number of seeds with at least 1mm
long protruded radicle.

Values of germinated seeds per Petri dish were converted to percentage considering 20 seeds as
100%. Values of cumulative germination percentage were graphed and analyzed in order to
determine significant differences between treatments.

A completely randomized experimental design was used. Data were analyzed by one way
ANOVA followed by Tukey test. Pearson’s correlation coefficient at 9 DAIS, p< 0.05, was
calculated. All statistical analysis was performed in Minitab® software (Minitab Inc. 2007),
version 15 for Windows, State College, Pennsylvania, USA. Graphs were made using Office
Excel 2016 (ver. 1611)

Results and discussion

The set of seeds used for the study was evaluated according to ISTA criteria; all repetitions
reached more than 70% germination; therefore, they were considered suitable for the assays
Garrufia-Hernandez et al. (2014). In the present work, we studied the effect of water
preconditioning on seed germination and emergence; germination percentage was quantified in
Petri dishes while emergence percentage was determined after the germinated seeds were
transplanted in pots with substrate (Figure. 2).

Germination Emergence
0 9 15 >

Days post-imbibition

Imbibition

start Transplanting End of

evaluation
Figure 2. Experimental strategy. Timeline indicating the days after imbibition start (DAIS). Germination
was evaluated daily until transplanting at 9 DAIS and emergence until 15 DAIS.

Germination was quantified until 9 DAIS, since in a pilot assay it was observed that at this time,
seeds from two treatments reached at least 70% of germination. Results of cumulative germination
percentage regarding time are shown in Figure 3a, where it can be observed that 2.5 and 3.5 ml of
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imbibition water significantly increased (p< 0.05) cumulative germination percentage compared to
7.5 ml (reference volume). This difference appears since the fourth day after imbibition start and
except for this time, there were no significant differences between 2.5 and 3.5 ml (p> 0.05). Figure
3b shows the results of cumulative germination percentage in response to water conditioning with
5and 10 ml compared to 7.5 ml (reference volume). Cumulative germination percentage increased
only in the 5 ml water imbibition treatment since 7 DAIS (p< 0.05).

110 A a)
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—&—25ml
—a—35ml
—-0—-75ml

70

50 1

30

% of germination

10

-10 j; 2

110 1
b)
90
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% of germination
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Figure 3. Effect of different water imbibition volumes on C. chinense germination. a) seeds were
imbibed with 2.5 and 3.5 ml compared to the reference volume (7.5 ml). b) Seeds were imbibed
with 5 and 10 ml compared to the reference volume (7.5 ml). Germination was evaluated daily

after imbibition start.

Germination capacity or maximum cumulative germination percentage at 9 DAIS showed an
inversely proportional relationship to the amount of water used for seed imbibition. Pearson
correlation coefficient was -0.905, p= 0.000. There were no significant differences in the maximum
cumulative germination percentage at 9 DAIS between treatments 2.5, 3.5 and 5 ml of water
(p>0.05), even though they showed different averages which can be due to the high biological
variability inherent to Capsicum chinense seeds (SIPRUFO, 2009; Zarate-Garcia y Sanchez-
Azcorra, 2014; Garrufia-Hernandez et al., 2014; Moo-Mufioz et al., 2016). In addition, there were
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significant decrease in the maximum cumulative germination percentage in 10 ml with respect to
7.5 ml (the reference volume) at 9 DAIS (p< 0.05) (Table 1). In Figure 2, it can be observed that
as the imbibition volume increases, the variability also increases which does not allow to
demonstrate statistically the differences observed between all results.

Table 1. Germination capacity at 9 DAIS and dormancy period showing standard deviation, as
well as pair Tukey test comparisons.

Germination capacity or

Preconditioning N final qermination Dormancy Inferred GT50
Volume g " period” (DAIS)™
percentage

2.5 9 98.3+254 3.2+0.4A 5.19+1.44
35 9 95 +6.6 A 3.7+254 5.78+1.6 A
5 9 78 +18.34 5+1.24 7.35+1.848
7.5 9 3332558 74238 9.78 +2.3B¢
10 9 13.3+14.8 8 8.7+1.98B 11.19 +2.1°¢

*= Means with different letters are significantly different, p< 0.05; "= Data inferred by PROBIT method using
MINITAB.

Radicles of the seedlings were measured during imbibition showing similar results to
germination pattern; stress for limited water, favored the increase in radicle length (Figure.4),
with a Pearson correlation coefficient at 9 DAIS of -085, p= 0.001. However, in the treatment
with 2.5 ml, there is a decrease in the length values at 9 DAIS, which can indicate that an
excessive decrease of water availability may end up affecting growth. These results might be
explained since roots are the key organ to drought adaptation Maldonado et al. (2003); Foolad,
(2007); Florido y Fundora (2014) and therefore, its growth and architecture respond to the aerial
organs needs Heydecker et al. (1973); Petruzelli et al. (2003). In other vegetal species, it has
been determined than an early increase in root length is an indicator of stress resistance (Florido
and Fundora, 1998; Farooq et al., 2008).

20 -

15 A

10 A

Radicule length (mm)

Figure 4. Effect of different water imbibition volumes on C. chinense radicle length. a) Seeds were
imbibed with 2.5, 3.5, 5, 7.5 and 10 ml distilled water and radicle length was measured at 4, 5, 7
and 9 DAIS. Reference volume was 7.5 ml.
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In order to determine the effect of water volume on germination rate, GT50 was calculated using
the Probit method that allows to make inferences, assuming a normal distribution of the data. This
approach was taken for two reasons: a) increasing the imbibition volume results in a higher
variability in the data and b) germination percentage for 7.5 and 10 ml did not reach 50%
germination in the time evaluated. The obtained results allowed calculating the time necessary to
reach 50% germination for each imbibition treatment (Table 1). The reference volume (7.5 ml) had
a GT50 of 9.78 days; volumes of 2.5 and 3.5 ml significantly decreased this time (5.19, and 5.78
days, respectively, p< 0.05), although there were no significant differences between them, while 5
ml did not show significant difference compared to 7.5 ml. On the contrary, 10 ml significantly
increased the GT50 (11.19 days). These results show that stress for limited water, increases
germination rate.

Furthermore, dormancy period in seeds imbibed in low volumes shortens significantly
compared to the reference volume and 10 ml. The observed effect is similar to results obtained
in others models, where seeds preconditioning increased germination rate and final percentage
(Mc Donald, 2000; Foolad, 2007; Labate et al., 2007; Morandi-Dezfulli et al., 2008).

In previous works, it has been reported that stress conditions related with water availability favor
germination in Capsicum chinense (Garrufia-Hernandez et al., 2014), maybe due to genetic
characteristics that allow seeds adapting to a habitat with water limitations (Maldonado et al.,
2003). In others models, such as some varieties of Zea mays and Helianthus annuus L., a controlled
limitation of water entry favors germination rate both with osmotic and water preconditioning
(Dubreuq et al., 2000; Mc Donald, 2000; Ramén y Mendoza, 2002; Rojo, 2005; Zhang et al., 2007;
Farooq et al., 2008; Guan et al., 2009; FAOSTAT, 2014).

In general, the tendency of the evaluated parameters show that increasing the imbibition water
increases germination time, dormancy period and GT50 (Table 1). In addition, other factors in
the system should be considered; for example, oxygen, which is essential for seed aerobic
metabolism (Prisco et al., 1992; Koorneef et al., 2002; Ramo6n and Mendoza, 2002) and that
could be less available when increasing water volume, forming a thicker film which decreases
diffusion of this gas. Also, it is important to consider some elements of the seed coat that when
soaking in water make difficult the entry of oxygen to the embryo (Doria, 2010; Rojo, 2005).

Another important variable to consider is that the system used in the present work is sealed with
a polyvinyl chloride film, and this should be also taken in account for accumulation of gases
Mavi et al. (2010) that are products of seed metabolism such as ethylene gassemian, which is
tightly related to germination when inhibited by ABA (Beaudoin et al., 2000). In this sense, it
has been reported that ethylene promotes seed germination by antagonizing with ABA (Beaudoin
et al., 2000; Limkies et al., 2009; Ghassemian et al., 2014). In addition, ethylene induces
expression of genes codifying for enzymes related to radicle protrusion such as -1,3-glucanase
(Petruzzelli et al., 2003).

On another hand, regarding the average of cumulative emergence percentage (Figure 5), it can

be observed that the highest values correspond to the lower volumes (3.5, 5 and 2.5 ml,
respectively) compared to the reference volume (7.5 ml), while the lowest values correspond to
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10 ml. It was also observed that when the imbibition volume increased, data dispersion also
increased as occurred for germination. Due to this increase in dispersion, significant differences
were only found at 13 DAIS. The Pearson correlation coefficient was -0.641, p =0.01 for the
distribution of the values of emergence percentage versus imbibition volumes. It can be observed
that treatments with 3.5 and 5 ml are distributed above the regression line, while data from 2.5
ml treatment are distributed below the regression line. Data from the reference volume (7.5 ml)
and 10 ml treatment had a big dispersion.

110 -

% of emergence

DPII

Figure 5. Effect of imbibition volume on C. chinense emergence. Seeds imbibed with 2.5, 3.5, 5 and 10
ml of water and the reference volume (7.5 ml) were transplanted to soil and plant emergence was
evaluated 1, 4, 5 and 6 days after transplanting.

It is important to notice that even though 2.5 ml was the best treatment for germination, when
analyzing emergence this treatment occupied the third place. This behavior may suggest that
even though, limited water stress, favor germination, when it is excessive, it has a negative effect
on the emergence (Heydecker et al., 1973; Sanchez et al., 2001; Rojo, 2005; Stepunh y Raney,
2005; Moradi-Dezfulli et al., 2008; Doria et al., 2010; Nicasio-Arzeta et al., 2011; Florido and
Fundora, 2014).

Finally, GT90 and ET90 were calculated by the Probit method using the MINITAB software. A
stacked bar graph was plotted with these values, in order to compare the sum of the total estimated
times at which 90% emergence would be reached after transplanting seeds with 90 % germination
(Figure 6). Total time for seeds imbibed with the reference volume (7.5 ml) was 22.6 days, while
for 3.5 ml was 13 days, which correspond to approximately half of the time (0.59 times).
Summation of GT90 and ET90 of seeds imbibed with 2.5, 5 and 10 ml were 15, 16 and 24 days,
respectively and correspond to 0.68, 0.72 and 1.09 times the sum of the seeds treated with the
reference volume. Results show that treatments with 3.5 and 5 ml, in that order, favor emergence
and even though 2.5 ml was the best treatment for stimulating germination, it occupied the third
place for emergence. Therefore, it can be concluded that a higher germination rate does not
necessarily results in an improvement on emergence percentage.
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Volume

I GT90% _| ET90%
10mL 13.91 10.09
7.5mL 12.81 9.79
5mL 9.78 [ 6.3 |
3.5mL 7.78 5.67 ]
2.5mL 7 | 7.48 |
0 3 é é 12 15 18 21 24

DAIS

Figure 6. Stacked bar graph of GT90 and ET90 estimates calculated by the Probit method using the
MINITAB software.

Conclusions

Water preconditioning in C. chinense seeds was enough for stimulating germination and decreasing
GT50 and the dormancy time in an inversely proportional way, i.e. the highest germination
percentage and rate were obtained with the lowest water imbibition volumes. However, when C.
chinense seeds were transplanted, in order to analyses the emergence, was not there a higher inverse
correlation between imbibition volume and emergence percentage, suggesting that a higher
germination rate induced by low volumes of imbibition water (2.5 mL), does not necessarily result
in an improvement on emergence.

The contribution of the present work was to evidence that the correct seed hydration has an effect
on later stages to germination, even, without adding growth regulators or inducers. Also, it was
observed that water preconditioning decreases the erratic behavior (great standard deviations) of
the analyzed parameters during germination.

We suggest that in future studies on C. chinense seedlings development, water preconditioning
should be considered as the first option for optimizing production technologies and GT90 and ET90
used to predict optimal germination and emergence times. In order to be able to adequately advice
producers, it is necessary to analyze more phenological stages.
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