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Abstract

Carob (Ceratonia siliqua L.) is a relevant element of the Mediterranean spontaneous vegetation. Moreover, it is useful in
reforestation, and it is currently re-valued for sustainable agriculture in dryland areas. However, the difficulties tied to carob
propagation (mainly seed dormancy) hamper its large-scale cultivation. In this paper, the effects of four seed treatments (no
treatment [control], soaking at 70 °C and 90 °C in water, or in 96% sulphuric acid) on five carob genotypes germination
were studied. As compared to the very low germination of untreated seeds (0—13% germination), sulphuric acid (93-100%
germination) and 90 °C water soaking (from 72 to>90% germination in four out the five genotypes) were effective in pro-
moting germination. Soaking at 90 °C resulted in the leaching of a higher amount of total polyphenols from the genotypes
seed coat as compared to soaking at 70 °C. A significant correlation (0.75%*) was ascertained between polyphenol leaching
of the different genotypes and germination. These results suggest that dormancy in this species is not primarily associated
with seed coat hardness, as it is generally thought, but also with the release of polyphenols. Polyphenols determination of
the dormant and the few non-dormant seeds of the different genotypes also seem to confirm this hypothesis since these last
showed an almost halved total polyphenols content (on average 17.0) as compared to dormant ones (34.8 mg g~! of seed
FW). Further studies may determine the polyphenols involved, but also assess new, easier to carry out, seed treatments. The
important role of the galactomannans on seed germination of carob is also discussed. Finally, similar studies may enhance the
knowledge of dormancy processes in other Fabaceae species whose germination is positively affected by hot water treatments.
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Introduction

Seed dormancy is commonly considered as the inability
of a viable seed to germinate under suitable environmental
conditions. In many wild species, it is an important eco-
logical feature, since the scattering of germination over-
time permits some species to survive when unfavorable
environmental conditions occur, damaging the portion of
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readily germinable seeds (Baskin and Baskin 2014). In crop
species, it may be an undesirable trait to be removed (e.g.,
Lupinus angustifolius and Glycine max) or to be introduced
(e.g., Arachis hypogea to prevent preharvest sprouting) by
breeding (Forbes and Wells 1968; Kilen and Hartwig 1978;
Rolston 1978).

Dormancy linked to waterproofness of the seed coat
(physical dormancy according to Baskin and Baskin 2004)
affects several families of angiosperms and many members
of the Fabaceae family (Silveira and Fernandes 2006; Gresta
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et al. 2011; Venier et al. 2012; Hosseini et al. 2013; Toscano
et al. 2017). Due to the capability to fix nitrogen (N), the
Fabaceae species exert an important role within the wild
plant community, but also as crops for sustainable agricul-
ture. The comprehension of the dormancy processes associ-
ated with their germination is therefore important.

The Fabaceae seed coats are constituted of a single pali-
sade layer (Rolston 1978; Bianco and Kraus 2005) of tightly
packed radially elongated sclereids, with heavily and une-
venly thickened cell walls. A cuticle and waxy depositions
also characterize seed coat surface (Gunes et al. 2013). Other
substances (e.g., lignin, callose, lipids, phenolic deposits,
cutin, wax, and suberin) impregnating the seed coat has also
been reported to contribute to its permeability (Venier et al.
2012). In different studies on some Fabaceae species, physi-
cal, mechanical or chemical treatments (Mackay et al. 1995;
Silveira and Fernandes 2006) or in some cases ultrasonic
treatments (Lahijanian and Nazari 2017; Rifna et al. 2019)
were able to overcome dormancy, and seem to demonstrate
that this phenomenon is tied to the impermeable seed coat
(Gresta et al. 2007, Cavallaro et al. 2016).

Carob (Ceratonia siliqua L.) is a valuable, sclerophyll
species of the Fabaceae family, and an important element
of the Mediterranean spontaneous flora. In some areas, it
is part of the Oleo-Ceratonion alliance of plant communi-
ties appearing in the thermo-Mediterranean zone (Brosche
2017). Due to its contribution to the maintenance of soil
fertility, carob improves the establishment of other species,
and is particularly suitable for the reforestation in the harsh
climatic conditions and poor soils of some Mediterranean
basin areas (pioneer and productive species). In these mar-
ginal areas, as a cultivated species, carob is able to provide
environmentally and economically valuable productions:
carob bean gum, fodder for ruminants and non-ruminants,
sugar syrups, cocoa substitutes, bioethanol, and second-
ary metabolites (Gubbuk et al. 2010; Mazaheri et al. 2012;
Amessis-Ouchemoukh et al. 2017; Benkovié et al. 2017).

Based on these considerations, in recent years, this spe-
cies has been revalued for agriculture diversification and
fertility restoration in semi-arid areas (Janick and Paull
2008). However, the extension of carob cultivation is hin-
dered by its uneasy propagation either by seed or by cut-
tings. Similar to other legumes, carob seeds show poor and

uneven germination usually attributed to the hard seed coat
(i.e. physical dormancy). For this species, seed dormancy is
a useful way to establish a persistent seed bank in the soil
(Ortiz et al. 1995) and to favour the dispersal by animals and
the subsistence after fires frequently occurring in the Medi-
terranean areas (Piotto and Di Noi 2003). In the past, in cul-
tivated carob, farmers selective pressure addressed mainly
to enhance pod size for animal fodder or seed yield for flour
extraction but not to improve seed germination. However,
even if seed dormancy is useful for species survival, it may
represent a technical problem for plant production programs.
Previously identified best pre-sowing treatments for increas-
ing carob seeds germination are: acid chemical scarification,
hot water soaking, and mechanical scarification (Tsakaldimi
and Ganatsas 2001; Piotto and Di Noi 2003; Pérez-Garcia
2009; Gunes et al. 2013).

In a previous work (Cavallaro et al. 2016), carob seed
germination of four genotypes harvested in a representa-
tive Mediterranean area (Sicily) ranged from 1.3 to 27%.
Mechanical (seed piercing) and chemical (sulphuric acid)
scarification determined a germination rate exceeding 85%
in all tested genotypes. In the present experiment, to clarify
the mechanisms of seed dormancy, the effects of hot water
and sulphuric acid soaking on carob seed germination were
explored. Polyphenols have been recognized as components
of the leguminous seed coat having a good water solubility
and capability to inhibit germination in some other species
(Kong et al. 2008; Inécio et al. 2013). Therefore, total poly-
phenols leaching after hot water soaking was examined since
this treatment does not determine the piercing (as mechani-
cal scarification), nor the complete removal of all the con-
stituents of the seed coat (as sulphuric acid treatment).

Materials and methods
Seeds collection

Mature pods of five different genotypes of carob were col-
lected in situ from trees growing in different Sicilian areas
of traditionally carob cultivation. The cultivation areas
were characterized by different soil typologies (from loam
to sandy soils), altitudes and rains (Tables 1 and 2). After

Table 1 Origin, altitude,

. X X Code Origin Sicilian province Altitude Soil classifica- 1000 seed
soil clas§1ﬁcatlon and 1000 (masl) tion (USDA) weight (2)
seed weight of the collected
genotypes Sorba Catania plain Catania 36 Sandy clay 202.7

Pignato C.da Pignato (Ispica) Ragusa 44 Loam 209.2
Margitello C.da Margitello (Ispica) Ragusa 78 Sandy loam 215.8
Calamiccio  C.da Calamiccio (Ispica)  Ragusa 88 Silt loam 215.0
TDP Zisola (Noto) Siracusa 110 Loam 209.9
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Table 2 Minimum, maximum
and mean rains over thirty
years (1965-1994) period
(Cartabellotta et al., 1998)

Locality Min Mean Max

Ispica 202 445 693
Noto 251 615 1051
Catania 230 685 1021

harvest, the seeds were separated from the pods and stored
at room temperature in paper bags. The weight of 1000 seeds
ranged from 202.7 to 215.8 g (Table 1).

Experimental factors

(1) Genotype (5) (Table 1).

(2) Seed treatment (4): (i) no treatment (control); (ii) hot
water soaking at 70 °C; (iii) hot water soaking at 90 °C;
(iv) soaking in 96% sulphuric acid solution for 20 min.
The optimal duration of the acid treatment was cho-
sen on the basis of our previous trials (Cavallaro et al.
2016).

For the hot soaking treatment, 100 seeds were kept in the
water at one of the two temperatures until the temperature
of the water dropped to that of the ambient (approximately
20 °C). After each treatment, the seeds were placed in 9-cm
Petri dishes (three replicates of 30 seeds each) containing
a single filter paper moistened with 7 mL distilled water.
Germination temperature was 20 °C.

Germination was assessed when the radicle reached
approximately 2 mm of length, and data were recorded daily.
At the end of the experiment (thirty days after the beginning
of the germination test), the final germination percentage
was calculated.

Total polyphenols content (TPC) determination

Before the TPC analysis, to individuate non-dormant seeds,
two replicates of 50 seeds per genotype were put in petri dishes
to begin their germination. As expected, after 10 days, only a
few seeds were imbibed and began the germination process
(i.e. the percentage of non-dormant seeds). Dormant (seed
which did not imbibe and begin the germination process) and
non-dormant seeds were dried at room temperature until they
reached their initial weight (approximately the 10% moisture
as determined on a separate sample). Total polyphenols in
seeds and in the hot water treatments (at 70 and 90 °C) were
determined according to Inécio et al. (2013). In detail, to ana-
lyse TPC, 5 mg of the dried, grinded powder of dormant and
non-dormant seeds was added with 3 mL of methanol: water
(1:1, v/v) and heated to boiling point. To analyse TPC in the
hot water solutions, 50 intact seeds were weighted and heated
in 50 ml water at 70 °C and 90 °C. Subsequently, in both
determinations, an aliquot (500 uL) of the cooled and filtered

extract was mixed with distilled water (7 mL) and Folin—Cio-
calteau reagent (500 pL) under constant stirring for 1 min,
following which saturated sodium carbonate solution (1 mL)
was added to the mixture and the whole diluted to 10 mL with
distilled water. After 30 min at room temperature, the absorb-
ance of the mixture was determined at 730 nm. A calibration
curve using gallic acid in the range of 0—100 ug mL ™" as the
reference standard was done to analyze TPC, expressed as pg
of gallic acid equivalents per mL~". TPC was then expressed in
mg of gallic acid equivalents (GAE) per g of seed fresh weight
(FW) by the following formula:

_axb

y s
C

where: a=mg TPC per mL~!, b=ml of the solution dilut-
ing the sample, ¢ =fresh weight of the sample material used
(i.e. 5 mg for the intact dormant or non-dormant seeds or the
weight of fifty seeds in the hot water treatments).

Statistical analysis

Total germination percentages, after arcsine transformation,
and total polyphenols content were analysed by a randomized
two-way analysis (main factors: genotypes and seed treat-
ments) of variance (ANOVA) using COSTAT version 6.003
(cohort 3 Software). Data were arranged in a complete ran-
domized experimental design with three replications. When
the F test of the ANOVA was significant, treatment means
were separated at p <0.05 according to the Least Significant
Difference (LSD) method (Snedecor and Cochran 1989). On
the treatments achieving at least 50% germination, the time
(hours) to 50% germination (t50) was calculated by a logistic
equation with three parameters (SIGMAPLOT 11 software,
Systat Software Inc., San Jose, California, USA):

a

X b’
1+ (x_()>

where a is the maximum value of germination observed for
each genotype, x is the time after seed imbibition, expressed
in hours, x, is the time (hours) to 50% seed germination, b
is a fitting parameter of the curve. The x value on the curve,
which corresponded to 50% germination, was assumed as
theoretical time (t50) to 50% germination (Patang et al.
2016). The confidence intervals of t50 were calculated on
the 95% confidence bands of the logistic curve (SIGMA-
PLOT 11 software).

y=
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Results

Effects of hot water treatment on carob seed
germination

Overall seed germination of untreated seeds (control)
ranged from 0% (Margitello) to 13.3% (Sorba and Pignato)
(Table 3) and the only few seeds that germinated were the
ones that were able to absorb water and swell i.e. the non-
dormant seeds in the seed lot. The remaining seeds did not
swell during all the germination trial. Chemical scarification
in sulphuric acid (96%) determined a germination percent-
age ranging from 93.3 to 100.0% in all tested genotypes.
Soaking in 70 °C water determined significant increases of
germination over the control only in Sorba (+20% points
as compared to the 13.3% of the control). Seeds, which did
not germinate, did not swell. Soaking in 90 °C hot water
treatment always significantly improved seed germination
as compared to the control, to a different extent depending
on genotype. In particular, germination after seed treatment
exceeded 90% in Sorba, TDP and Pignato, and 70% in Mar-
gitello; seed treatment was less but still significantly effec-
tive in Calamiccio (47% seed germination).

Time course of germination and t50
Time course of seed germination after 90 °C hot water
treatment and sulphuric acid treatment well fitted to the

logistic curve (Fig. 1). The curves relative to the germi-
nation after 70 °C hot water treatment and those for the

Table 3 Treatments effects on carob final seed germination (%)
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Pignato
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Fig.1 Time course of seed germination after 90 °C hot water treat-
ment (A) and sulphuric acid treatment (B) fitted to the logistic curve

Code Control Hot water 70 °C Hot water 90 °C Sulphuric acid Overall means
Sorba 133 Q2L f 333(35.0)e 93.3(75.6)b 93.3(75.6) b 583 (51.7) A
TDP 6.7(12.3) g 11.1 (19.3) fg 90.7 (72.6) b 97.0 (80.3) b 51.4 (46.1) B
Pignato 133 Q2L f 23.3(28.9) ef 93.3(75.6) b 100.0 (90.0) a 57.5(54.6) A
Margitello 0.0 (0.0) h 0.0 (0.0) h 72.0(58.3) ¢ 95.0(79.5) b 41.8(34.5)C
Calamiccio 8.0 (16.1) fg 0.0 (0.0) h 46.67 (43.1)d 93.3(75.6) b 37.0 (33.6) C
Overall means 83(14.1)C 13.6 (16.6) C 79.2(65.7)B 95.7 (80.0) A

Anova LSD

Effect SS DF MS F p<0.05 p<0.01
Genotype (G) 4510.19 1127.55 43.61%* 4.20 5.61
Treatment (T) 51,080.36 3 17,026.79 658.50%* 3.75 5.02
GxT 2594.31 12 216.19 8.36%* 8.09 11.23
Residual 1034.28 40 25.86

Total 59,219.14 59

Actual data are shown. In brackets arcsine transformed percentages (Bliss transformation) to be confronted by L.S.D

Different lowercase letters indicate significant difference for the interaction genotype X treatment at p <0.05. Different uppercase letters indicate

significant difference among genotypes or treatments at p <0.05
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control were not calculated since no genotype achieved
50% germination. Hot water (90 °C soaked seeds) and
sulphuric acid treatments differently affected the time to
50% germination (t50) (Table 4).

Hot water (90 °C) determined significant differences
among the genotypes: treated seeds of Sorba showed the
lowest t50 (142.1 h), followed by those of TDP and Pig-
nato (188.6 and 178.7 h); the highest t50 values were
observed in seeds of Margitello (250.8 h) and Calamiccio
(468 h) (Table 4). Thus, with the exception of Pignato, the
other two genotypes (Margitello and Calamiccio) grown
in the driest environment (Ispica, Table 2) showed the
longest t50. Sulphuric acid treatment determined sig-
nificant decreases in t50 in all the tested genotypes as
compared to hot water treatment. With the only excep-
tion of the TDP genotype, no significant differences were
observed in the time to 50% germination of the other gen-
otypes induced by the acid treatment (Table 4).

Total polyphenols in dormant, non-dormant seeds
and leached in the hot water treatments

Total polyphenol content (TPC) in dormant seeds (Table 5)
was significantly influenced by the genotype. The high-
est values were observed in the genotypes Margitello
(46.0 mg g™! of seed FW) and Calamiccio (39.3 mg g~! of
seed FW), the other genotypes showed lower undifferenti-
ated values (on average 29.5 mg g~! of seed FW).

As compared to dormant seeds, non-dormant ones (i.e.
the few seeds which imbibed and germinated without any
treatment) showed an almost halved TPC (on average 17.0
as compared to 34.8 mg g~! of seed FW of the dormant
ones). The lowest content was detected in the Sorba geno-
type (12.8 mg g~! of seed FW), the highest in the Calamic-
cio genotype (20.9 mg g~! of seed FW).

As concerns the polyphenols leached in water after
warm water treatments, total polyphenols leaching at
70 °C in the different genotypes showed a narrow range of
variation ranging from 0.211 to 0.289 mg g~! FW of the
seeds for TDP and Sorba genotype, respectively (Table 6).

Table 4 Treatments effect on

o Code 90 °C hot water 95% Confidence Sulphuric 95% Confidence t50 reduction
the t50 '(hours) from the logistic intervals acid (SA) intervals determined by
regression (20 days from the SA
germination beginning)

Sorba 142.1 135.8-149.0 84.0 82.9-121.8 —-64.0

TDP 188.6 182.5-194.7 141.8 140.6-142.9 —49.9

Pignato 178.7 175.5-181.9 91.1 76.1-103.5 —88.9

Margitello 250.8 237.4-267.8 102.8 79.1-126.7 —144.7

Calamiccio 468.0 394.3-499.2 127.1 121.9-133.7 —274.0
Table 5 Total polyphenols (mg g~'of seed FW) in dormant or non-dormant seeds
Genotype Dormant seeds Non-dormant seeds Overall means
Sorba 26.7 bc 12.8d 19.65B
TDP 3130 16.3 cd 2383 B
Pignato 30.6b 205¢ 25.58 AB
Margitello 46.0 a 14.6 cd 30.30 A
Calamiccio 39.3a 209 ¢ 30.13 A
Overall means 34.80 A 17.02 B
Effect Anova LSD

SS DF MS F p<0.05 p<0.01

Genotype (G) 322.54 4 80.64 6.86%* 5.40 7.68
Dormancy (D) 1584.39 1584.39 134.7%%* 3.42 4.86
GxD 264.25 4 66.06 5.62% 7.64 10.87
Residual 117.58 10 11.76
Total 2288.76 19

Different lowercase letters indicate a significant difference for the interaction genotype X dormancy at p <0.05. Different uppercase letters indi-
cate significant difference among genotypes or between dormancy at p <0.05

@ Springer



141 Page 6 of 10

Acta Physiologiae Plantarum (2021) 43:141

Table 6 Total leached polyphenols (mg g~'of seed FW) in relation to the hot water treatments

Genotype Hot water (70 °C) Hot water (90 °C) Overall means
Sorba 0.289 b 0.402 a 0.345 A
TDP 0.211c¢c 0.276 b 0.243C
Pignato 0213 ¢ 0.282b 0.248 C
Margitello 0.223 ¢ 0.296 b 0.259 B
Calamiccio 0.212¢ 0.379 a 0.295b
Overall means 0.230 B 0.327 A
Effect Anova LSD

SS DF MS F p<0.05 p<0.01
Genotype (G) 0.029 4 0.007 38.262%%* 0.022 0.031
Water temp. (T) 0.047 1 0.047 249.455%% 0.014 0.020
G*T 0.008 4 0.002 9.875%%* 0.031 0.044
Residual 0.002 10 0.000
Total 0.086 19

Different lowercase letters indicate significant difference for the interaction genotype X water temperature at p <0.05. Different uppercase letters
indicate significant difference among genotypes or water temperature at p <0.05

In all the tested genotypes, the 90 °C hot water treat-
ment determined significant higher values of total leached
polyphenol. The highest leaching values were observed
in Calamiccio (0.379 mg g~! FW of the seeds) and Sorba
(0.402 mg g~! FW of the seeds).

When the data of the total polyphenols leached dur-
ing the two hot water treatments were plotted against the
germination percentages, a significant (p <0.01) correla-
tion coefficient (0.75**) resulted and the data well fit-
ted (R*=0.56) to linear regression (Fig. 2) showing that
germination rises as polyphenols leaching increases in
the hot water solution.

Fig.2 Total seed polyphenols 100

Discussion

Intact seeds from the studied carob genotypes showed an
erratic, scarce or null germination (from 0 to 20%) when
germinated in distilled water, confirming that seed dormancy
affects this species (Pérez-Garcia 2009) similarly to other
Fabaceae taxa. These germinated seeds (non-dormant) are
the only ones that imbibe and probably germinate shortly
after their dispersion. Notwithstanding the ancient domes-
tication, this long-living species has, therefore, maintained
this ancestral wild trait (Gunes et al. 2013), which makes
it necessary to scarify the seed to permit germination. In
natural environments, several factors (mechanical friction

leached in the two warm water

treatments versus germination 90
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determined by soil particles, microbial action, passage
through the digestive system of mammals, etc.) alter seed
coats (Pérez-Garcia 2009), scattering germination over time
and ensuring species survival. However, a rapid and uniform
germination may be useful to promote the nursery activity
for this important species.

Our results confirm that carob seeds gave the highest per-
centage of germination after 96% sulphuric acid treatment
for 20 min (Zaen El Deen et al. 2014) and in a shorter time
as compared to hot water treatment. The almost complete
germination obtained in all genotypes confirms that their
embryos are ready to germinate, and that dormancy over-
coming determined by the acid is associated to the almost
complete disruption of the hard seed coat.

In our study, hot water soaking was effective in enhancing
germination but evidenced a larger variability in the ger-
mination response among genotypes. Moreover, its effec-
tiveness is strictly dependent on the soaking temperature.
The most successful treatment was that at 90 °C since at a
lower temperature (70 °C) the treatment was almost inef-
fective. Some considerations seem to arise from our results.
The permeability of seed coat and thus dormancy in the
Fabaceae, are generally attributed to the hardness of the
seed coat mainly tied to the palisade layer, formed by cells
with strongly thickened walls, located next to each other
with no gaps between them. However, Van Staden et al.
(1989) suggested that the water-impermeable substances
located in the outer ends of the palisade layer are respon-
sible for the resistance to water entry inside the legume
seeds (Rolston 1978). Lignin has been recognized as pre-
sent in the epidermal palisade-like cells and is usually des-
ignated as the main responsible of seed coat permeability
(Serrato-Valenti et al. 1995; Baskin and Baskin 2004; Ma
et al. 2004). According to Kelly et al. (1992), differences in
the lignification of palisade-like cells may determine either
the permeability or the non-permeability to the water of
the seeds. Baskin et al. (2000) suggested that the presence
of a palisade-like cell layer in the seed coat, even if ligni-
fied, does not necessarily determine seed waterproofness
since it is also important how compacted the palisade-like
cells are. However, lignin impregnating the palisade coat
is an insoluble polymer in water and in acid, only soluble
in strong concentrated basis or recently by base-catalysed
steam treatments (Lavoie et al. 2011). It is not digested or
absorbed, nor attacked by colonic microflora. Furthermore,
it is well known that cellulose, another important structural
component of the seed coat, is insoluble in water and in
common organic solvents and is slowly attacked by boiling
with diluted mineral acids, such as hydrochloric or sulphu-
ric acid or by autoclaving at 140-170 °C. Thus, the most
important structural components of the seed coat are not
soluble in the most effective hot temperature (90 °C) used
in our experiments. However, the thickness of the cell wall,

and the compacted organization of these layers determine a
solid structure of the seed coat, which may have a protective
mechanical function (Orozco-Segovia et al. 2007). There-
fore, other compounds that are removed by hot water treat-
ments may be responsible for carob seed dormancy. Phenols
have also been recognized as components of the Fabaceae
seed coats (Rolston 1978; Rangaswamy and Nandakumar
1985; Werker 1997). The present study, for the first time,
demonstrated that total polyphenols leaching during hot
water treatment is correlated to the beginning of the seed
imbibition and thus to seed germination in carob. These
results and the considerations regarding the seed coat con-
stituents seem to indicate that dormancy in this species is not
only associated with seed coat hardness, as it has been con-
sidered in the past, but also with total polyphenols removal
from the seed coat. Another indirect confirmation of their
role in carob seed dormancy results from the examination
of their content in dormant and non-dormant seeds of each
analysed genotype. TPC in dormant seeds, in fact, resulted
almost double that of the non-dormant seeds. Phenolic acids
(caffeic, ferulic and cinnamic acids), phenolic substances
such as tannins, flavonols (quercetin), are known to inhibit
seed germination in Palicourea rigida (Inicio et al. 2013)
and Sorghum bicolor (Patang et al. 2008). In the first species,
phenolic compounds in seeds have been indicated as the
main responsible of the physiological dormancy and seems
to exert a protective function since total phenolic content
increases soon after seed dispersal and degrades over time
(Inécio et al. 2013).

The inhibitory effects of phenolic compounds on seed
germination are still debated (Bewley et al. 2013), they have
been considered strictly associated to the regulation of seed
coat permeability, and oxygen supply to embryos (Willem-
sen and Rice 1972; Bewley and Black 1994). Water-soluble
phenolic compounds reduce germination by inhibiting the
activities of peroxidases and the oxidation of other pheno-
lics, processes that are indispensable for breaking the hard
seed coat and promote the emergence of the seedling in Triti-
cum aestivum (Kong et al. 2008). Moreover, the low t50 dif-
ferences among the genotypes after sulphuric acid-treatment
(Table 4), confirm that acid treatment destroys the structure
of the seed coat, thus allowing water imbibition (Nikolaeva
1977; Aliero 2004) and a uniform germination whatever the
hardiness of the seed coat.

On the opposite, the relevant differences in the t50
observed among the five genotypes after the most effective
hot water treatment seem to indicate that after the imbibi-
tion, in some of them (i.e. the two genotypes with the longer
t50, Calamiccio and Margitello), the embryo has to over-
come a harder seed coat. It is noticeable these two genotypes
showed also the highest TPC in their seeds.

After water penetration determined by hot water treat-
ment, seeds still have to overcome the hardness of the
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seed coat (see longer t50s of hot water treated seeds as
compared to acid-treated ones), and the expansion force
may be represented by the imbibition of the galactoman-
nans, the main components of the well-known valuable
carob bean gum. In fact, hydrophilic galactomannans are
the main components of the endosperm walls in carob
(McCleary and Matheson 1974) and they come to be
mucilaginous after a period of imbibition (Reid and Bew-
ley 1979). In the study of Cavallaro et al. (2016), a 120%
increase in seed weight was determined after 72 h from
the beginning of imbibition. An indirect confirmation
of the role of galactomannans in the rupture of the hard
testa may be a study carried out by Gong et al. (2005).
They demonstrated that, in carob, there is a low activity
of endo-b-mannanase (the enzyme liable for galactoman-
nans demolition) in the endosperm and thus a low demoli-
tion rate of the galactomannans during the first phases of
seed germination and that the enzyme activity increases
only after the radicle emergence from the seed. Diffusible
saponin-like substances, also present in carob endosperm,
strongly inhibit any increase in a beta—-mannanase activ-
ity. Based on our observation, we suggest that, after water
entry in the seed, since galactomannans have a higher
imbibition capability, their depletion must be inhibited to
permit them to imbibe and to determine a pressure able
to break the still hard seed coat. These important com-
pounds of carob endosperm, perhaps, play also an impor-
tant ecological role in determining the genotypes tolerance
to water stress (Cavallaro et al. 2016). Spyropoulos and
Lambiris (1980) seem to confirm this hypothesis, since
they observed that plantlet growth is strictly related to
galactomannan reduction, the latter being inhibited by
lower external water potential. After germination is com-
pleted, these compounds may be demolished and act like
food reserves to support the earliest phases of plantlet
growth as in other species like lettuce, tomato and Datura
whose endosperm cells have thick cell walls abundant in
mannan-based polymers (Gong et al. 2005).

This study also confirmed the existence of considerable
diversity in the toughness of the seed coat (different degrees
of physical dormancy) even within genotypes growing in
a restricted geographic area (Pérez-Garcia 2009; Caval-
laro et al. 2016). It was demonstrated that in Scorpiurus,
an herbaceous wild legume species, and in other legumes,
the genotypes coming from drier climates showed a higher
quantity of hard seeds compared to those coming from a
rainier climate (Gresta et al. 2007). These observations result
in more difficulty in centenarian carob trees as the geno-
types collected in Sicily. However, from the examination of
the 30-years meteorological data, with the only exception
of Pignato, the genotypes coming from the drier environ-
ment (Ispica) showed a harder seed coat and a higher TPC
in their seeds.
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Conclusions

In the present study, the effects of different scarification
treatments and the role of carob seed polyphenols on germi-
nation of five carob genotypes collected in Sicily (Italy) were
discussed. Sulphuric acid and hot water treatments were
very effective in improving carob seed germination. How-
ever, the effectiveness of the latter treatment is linked to the
90 °C temperature, which led to the removal of the highest
amount of polyphenols from the seed coat without damaging
the embryo. The high correlation between the polyphenols
removed from the seed coat and germination after hot water
soaking, the lower total polyphenol content of non-dormant
seeds suggests that dormancy in this species is not only asso-
ciated with seed coat hardness, but also to TPC in the seeds.
Further studies may determine the polyphenols involved,
but also assess new, easier to carry out, seed treatments to
improve seed germination of this Mediterranean tree with a
high ecological value. Finally, similar studies may contribute
to improve the knowledge of dormancy processes in other
Fabaceae species whose germination is positively affected
by hot water treatments.
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