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Abstract

NourMOHAMMADL, K., KARTOOLINEJAD, D., NAGHDI, R., BaskiN, C.C., 2019. Effects of dormancy-break-
ing methods on germination of the water-impermeable seeds of Gleditsia caspica (Fabaceae) and seed-
ling growth. Folia Oecologica, 46: 115-126.

Various treatments can be used to break physical dormancy (PY, i.e. water-impermeable seed coat) of legume
species, but the effects of these treatments on seedling growth are of great importance in the success of affor-
estation projects. Our aims were to determine the effects of 20 PY-breaking treatments on (1) germination of
Gleditsia caspica (Caspian locust) seeds and (2) seedling growth. Five germination and nine seedling growth
and morphological traits were studied. Immersion in concentrated sulfuric acid (98%) for 60 minutes was opti-
mal for all germination traits and for all seedling traits except root length. After seed coat removal or treatment
with sulfuric acid (for 45 to 120 minutes), 99-100% of the seeds germinated, but seedling growth traits after 5
months were significantly lower in the former than in the latter treatment. Other treatments (e.g., different peri-
ods of exposure to cold water, boiling water, and KNO3) did not significantly increase germination or improve
seedling growth. Thus, despite incurring adverse environmental impacts, sulfuric acid treatments have the best
potential to break seed dormancy and produce high-quality seedlings (in terms of shoot length, root and shoot

mass, root area, leaf number and area and collar diameter) of Caspian locust.
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Introduction

Most temperate-zone legume species have a water-imper-
meable seed coat (Hu et al., 2009) that results in physical
dormancy (PY); therefore, special pre-treatments are re-
quired to promote germination. That is, seed germination
percentages may be low, irregular, and prolonged unless a
treatment is given to make the seed coat water-permeable

*Corresponding author:
e-mail: kartooli58(@semnan.ac.ir

(MIvYASE et al., 2010; BABASHPOUR et al., 2011; SoLTANI
et al., 2016). Under natural conditions, this impermeabil-
ity may decrease gradually, so that a certain percentage of
seeds germinates in each germination season. To enhance
germination percentages of economically-important spe-
cies, various pre-treatments are applied, e.g., piercing,
nicking, chipping and filing or treatment with hot water
treatment or acid (Sozzr and CHiEsA, 1995; BAskIN and
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BaskiN, 2004; Hu et al., 2009). In nature, seeds become
water-permeable in response to signals from the environ-
ment, especially temperature and moisture that cause the
water gap on the seed coat to open (BASKIN and BASKIN,
2004).

In Iran, Hyrcanian forests, ranging from 15 to over
2,800 m asl, occur on the northern slopes of the Alborz
mountain range, and they are the most important Arcto-
Tertiary relict forests in western Eurasia. These forests
have a very rich biodiversity including endemic tree spe-
cies such as Parrotia persica, Gleditsia caspica, Populus
caspica, Pterocarya fraxinifolia, Albizia julibrissin, Buxus
hyrcania, and Acer velutinum. Hyrcanian forests have sur-
vived since the last glacial period and are valuable in terms
of genetic resources. Presently, some areas of these forests
located on the plains have been harshly manipulated and
destroyed by human activities, thus only some small ar-
eas of the once abundant Hyrcanian forests remain today
(SCHARNWEBER et al., 2007; KARTOOLINEJAD et al., 2007;
Hossent et al., 2008; YOUSEFZADEH et al., 2017).

One of the pioneer and highly important species
of these forests on plain areas is Gleditsia caspica Desf.
(Caspian locust) that has the potential to fix soil nitrogen.
G. caspica is a deciduous leguminous tree that grows in
temperate lowlands forests on the southern coast of the
Caspian Sea in northern Iran. It is commonly found from
sea level to 500 m asl and does not occur in the Eastern
Hyrcanian forests and north-eastern Alborz Mountains
(SCHARNWEBER et al., 2007). Excessive felling of Caspian
locust trees for rural consumption, cattle grazing, and also
conversion of forest lands to residential areas and farm
land have led to the destruction of the natural habitats of
this species. Therefore, today it is only found as individual
stems and/or in small communities around row-crop and
cattle farms (SCHNABEL and KruTtovskii, 2004; NOURMO-
HAMMADI et al., 2016). Given the high value of this pio-
neer species of the Hyrcanian forests, conservation of its
natural habitats seems to be indispensable. However, due
to its impermeable seed coat little regeneration from seeds
occurs in natural sites. Thus, seedling production and es-
tablishment through afforestation programs are needed to
conserve this endemic species.

Seeds of Gleditsia sp., as is true for many legumes,
have PY. Generally, various physical and chemical treat-
ments such as hot water, sulfuric acid, nitric acid, mechan-
ical scratching, and seed coat removal are applied to make
seeds with PY water-permeable (BASKIN and BASKIN,
2004; Hu et al., 2009). Although Caspian locust is a pio-
neering and highly tolerant species of the Hyrcanian plain
and lowland forests and is commonly the first tree species
to appear after the these forests are degraded, it has not
been used in afforestation of degraded Hyrcanian lands.
In spite of the critical role, values, and the abundant ap-
plications of Caspian locust, there is scanty information
on its seedling production and seed germination. NOUR-
MOHAMMADI et al. (2016) investigated the effects of seed
dormancy breaking treatments on seedling quality indices,
e.g., sturdiness quotient (SQ), shoot/root dry weight ratio
(SRR) and Dickson’s seedling quality index (DQI), and
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discussed the interrelations of germination percentage and
mean time with the given indices. ZoGHi et al. (2011) stud-
ied the effects of seven seed dormancy breaking treatments
on Caspian locust and reported that concentrated sulfuric
acid treatment (90 minutes) was the most suitable method
to obtain maximal germination (about 38%). The existing
archival publications show that there is almost no informa-
tion on the effects of physical and chemical seed dormancy
breaking treatments both on germination traits at the initial
stage of growth (e.g., seed vigor index, germination rate
and percentage, and root and shoot length) and on mor-
phological and growth traits of the produced seedling at
further growth stages (e.g., seedling root and shoot length,
root and shoot mass, root area, leaf number and area, and
collar diameter). Therefore, the aim of this research was
evaluate the effects of 20 physical and chemical treatments
(commonly used for breaking PY) on germination traits
and seedling growth of Caspian locust. Our hypothesis
was that some methods of dormancy break do not result
in the production of high quality seedlings with the growth
and morphological characteristics that would help ensure
successful afforestation of degraded Hyrcanian lands. To
address this hypothesis, we asked the following questions:

e  What are the most efficient dormancy-breaking treat-
ments for high germination percentages, rate, seed
vigor index, and root and shoot length of Caspian lo-
cust seeds?

e How do the different dormancy-breaking treatments
affect seedling growth and morphology of Caspian lo-
cust?

Materials and methods
Study species, study area, and seed collection

Caspian locust is characterized by its broadly expanded
crown, pinnate leaves 10-25 cm in length with 12-20 el-
lipse leaflets that are 2—5 cm in length, and its pods are
long, nearly straight or fairly fusiform with 15-25 cm
length and 3 cm width. 9-15 seeds compactly located
in pods are smooth brown, 10 mm in length and 7 mm
wide. On the trunk and stem there are straight thorns 15
cm in length. The leaves of this summer-flowering tree
develop in spring, and the grey pods mature in late sum-
mer and early autumn (RECHINGER, 1986; SCHNABEL and
Krutovskil, 2004; MiyaSE et al., 2010; ZARINJOEI et al.,
2014; NouRMOHAMMADI et al., 2016). The wood is very
hard and is used in rural areas as the base of buildings and
rice barns. The green fruit is used by villagers as forage
for beef cattle in summer, and its ripped fruits and bark are
used as a part of livestock forage in winter (SCHNABEL and
Krutovskil, 2004; NOURMOHAMMADI et al., 2016).
Mature healthy fruits of Caspian locust were col-
lected from Kashpel Forest Park, located in Mazanda-
ran Province, northern Iran in spring 2012 (36°28°32”N,
52°5°20”E). Annual precipitation in this part of the Hyr-
canian forests is 689 mm with the highest and lowest
amounts occurring in October (163.4 mm) and July (29



mm), respectively. Mean annual temperature is 14.5 °C
and the coldest and hottest months are December (3 °C)
and July (29.7 °C), respectively.

Initial moisture content of the collected seeds was
3.08% (calculated based on equation 1), and the number of
pure seeds per kilogram was 6,320 (Ista, 2009).

Sfw - Sdw

Sme (%) = =—— x 100 Eq. (1)

where Smc is Seed moisture content, Sfw is Seed fresh
weight, Sdw is Seed dry weight.

Assessment of seeds’ viability

For investigating seeds’ viability, one hundred seeds were
soaked in tap water for about 48 h, in order to seed coat
to be easily removed. After accurately pulling the embryo
and cotyledons out of the seed and removing the excess
water, they were incubated within 1% Tetrazolium solu-
tion at 30 °C for 48 h in dark conditions. While the pink
pigments were completely developed through the seeds,
they were washed twice with distilled water, and finally
investigated under a binocular.

Effect of PY-breaking treatments on germination

The effects of physical and chemical treatments on break-
ing the PY of Caspian locust seeds were investigated under
laboratory conditions, using 20 treatments known to make
seeds with PY water permeable (NOURMOHAMMADI et al.,
2016; Youseri et al., 2017b): T : control; T T : soaking in
tap water for 1, 2, 3, 4, 5, and 6 days, at room temperature
(=25 °C); T,-T,: soaking in hot water 40, 80, and 100 °C
that was allowed to be cool gradually to room temperature;
T,,: seeds coat removal (by scalper); T, ~T,: immersion in
KNO, (1%) for 12, 24, 48 and 72 hours; T ~T, : immer-
sion in H,SO, (98%) for 15, 30, 45, 60, 90, 120, and 150
minutes.

There were four replicates of 25 seeds each for each
treatment, and seeds were placed in 10 cm-diameter Petri
dishes on paper moistened with distilled water. Seeds were
incubated at 20 °C at a 16 h light (1,000 lux fluorescent
light) / 8 h dark regime. The seeds were kept moist during
the germination. The presence of a 2-mm length radicle
was the criterion for germination during the 6-week period
of monitoring. The main germination parameters calcu-
lated according to the following equations (RaHIMI et al.,
2016; YousErI et al., 2017a; Ista RULES, 2009).

Germination percentage = (%) X 100 Eq.(2)

Germination rate = Z% Eq. (3)

Seed vigor index = GP (%) X Mean (Sl + Rl) Eq. (4)

where 7 is number of germinated seeds, 7, is number of
germinated seeds between recording intervals, N is total
number of seeds, ¢, is number of days since the test was
started, S7 is shoot length, and R/ is root length.

Seedling growth after dormancy break

After recording germination data each day, new-germinat-
ed seedlings were transferred to the greenhouse located in
the Hyrcanian lowland temperate forests of northern Iran
(altitude 129 m asl). The highest and lowest temperatures
in the greenhouse during the spring and summer were
36.2 °C and 20.2 °C, respectively, with a relative humidity
about 50%. Randomized Complete Block Design (RCBD)
was considered for this experiment. There were 20 treat-
ments (including one control) with three replications for
each treatment. For each replication, six seedlings were
planted individually in polybags (10 X 10 cm) containing a
mixture of forest soil, coarse sand and fine sand in a 3:1:1
ratio. As this species was considered to be shade intolerant,
the polybags were placed under full light in a greenhouse
bed and irrigated manually every 2 days for a period of
150 days, after which growth performance was evaluated.

Seedling growth performance

The following measurements were made for each seed-
ling: collar diameter, total number of leaves, shoot and
root length, shoot and root dry mass and leaf and root area.
Shoot and root dry mass were measured after oven-drying
of fresh materials for 48 h in 60 °C temperature and collar
diameters of seedlings measured using a vernier caliper.
Leaf and root area were measured using a Leaf Area Meter
Model CI 202 (CID Inc., USA). Also, Dickson’s Quality
Index was calculated based on equation 5 (DicksoN et al.,
1960).

Sdw (g)
H (cm) Sdw (g)
Rcd (mm) = Rdw (g)

Quality index = Eq. (5)

where Sdw (g) is Seedling dry weight, H is Height, Rdw
(mm) is Root collar diameter (mm), Sdw (g) is Shoot dry
weight (g), Rdw (g) is Root dry weight (g).

Data analysis

Data were analyzed using a completely randomized design.
Normality of the data and homogeneity of variances were
checked using the Kolmogorov-Smirnov and the Levene
test, respectively. Then, analysis of variance (ANOVA)
was run to determine if there were significant differences
among treatments. The mean comparison was conducted
using Tukey’s HSD test. All statistical tests were carried
out in SPSS software.

Results

Effect of different dormancy breaking treatments on
germination characteristics

The seeds of Caspian locust tested for germination im-

mediately after they were separated from the fruits ger-
minated to only 4%, but seed viability (Tetrazolium test)
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was 100%. Thus, 96% of the seeds were dormant (Table
1). Immersion of seeds in cold water for 1 to 6 days and in
KNO, solution for 12, 24, 48, and 72 hours did not signifi-
cantly increase the germination percentage or rate. Among
the hot water treatments, the highest (77.3%) and lowest
(4.0%) germination was observed in T, (100 °C) and T7
(40 °C) treatments, respectively. Sulfuric acid and seed
coat removal treatments were the most effective in increas-
ing germination percentages (Table 1).

The T, treatment (control) had a very low seed vigor
index (2.34), and the highest and the lowest seed vigor
indices were for seeds in the T (56.42) and T , (1.50)
treatments, respectively (Table 1). Cold water and KNO,
treatments not only did not increase seed vigor index, but
in some cases they led to a reduction of seed vigor index
compared to that of the control (e.g., T, T, and T ). Low-
er water temperatures (up to 40 °C) had no significant ef-
fect on enhancing seed vigor index (vs. the control), but
as water temperature was increased to 100 °C (boiling),
the given index increased significantly. Seed coat removal
and immersion in concentrated sulfuric acid treatments
did not show a significant impact on seed vigor index, and
as the immersion time increased from 30 to 150 minutes
(T,~T,,) the mentioned index showed an outstanding im-
provement.

There was a positive and significant relationship be-
tween seed immersion time in sulfuric acid and germina-
tion rate, such that increasing the immersion time from
15 to 30 minutes improved germination rate from 2.55 to
9.34, respectively (Table 1). A further increase in immer-
sion time up to 150 minutes resulted in the maximum ger-
mination rate (19.63).

Seed coat removal enhanced seed germination rate
from 0.2 to 12.5 seed per day. Increase in temperature of
the hot water from 40 to 100 °C improved seed germina-
tion rate from 0.19 to 5.64 seed per day. However, cold
water and KNO, treatments did not have a significant ef-
fect on germination rate, and only seed immersion in cold
water for 6 days improved germination time to 1.63 seed
per day.

Seedling growth after dormancy break

The best effect on seedling growth of the PY-breaking
treatments on Caspian locust seeds was improved seedling
radicle length, the highest of which was for seedlings re-
sulting from seeds treated with cold water (T, T, and T,).
The lowest radical length was for seeds treated with sulfu-
ric acid, and the other physical treatments had no signifi-
cant effects. The differences of shoot length of seedlings
from seeds receiving various treatments were not signifi-
cant. However, seedlings from seeds acid scarified for 60
min had the greatest average of shoot length (Table 1).

Seedling growth performance Dickson’s Quality Index
Cold water, KNO,, and hot water treatments (vs. control
treatment) did not have a significant effect on improving

seedling quality index. The lowest seedling quality index
(0.1) was for seedlings from seeds soaked in water for 2
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days (T, treatment), and the index increased to 0.31 when
soaking time in water was increased to 4 days. This value
was then reduced to 0.16 and 0.12 after seeds soaked for
5 and 6 days, respectively. Also, seed immersion in hot
water at 80 °C and 100 °C improved seedling quality index
from 0.2 to 0.35 and to 0.31, respectively. Sulfuric acid
treatment proved to be the most efficient in improving the
seedling quality index amongst all the applied treatments,
with an increase in immersion times resulting in enhanced
seedling quality index. Maximal seedling quality indices
were 0.61 and 0.60 after 60 and 120 min of acid scarifica-
tion, respectively. Immersion for very short (15 minutes)
and very long (150 minutes) times resulted in reduced
seedling quality index, but in general these treatments
were not significantly different from the control in terms
of their effect on seedling quality index (Table 2).

Shoot and root mass

In terms of seedling shoot biomass, T,, T ,, and T, treat-
ments resulted in the highest values of 1.39, 1.38, and 1.38
gram, respectively, and T, the lowest (0.1 g). For seedling
root biomass production, T, T ,, and T, treatments, had
the highest values of 2.10, 2.07, and 2.02 gram, respec-
tively, and T, the lowest (0.19 g). The physical treatments
along with the different levels of KNO, treatment showed
either lower or slightly higher values of root biomass as
compared to those of the control (Table 2).

Growth performance (shoot/root length and collar di-
ameter)

The seedlings from seeds treated with different levels of
sulfuric acid (T,,, T,, and T ) for different periods of
time had the greatest shoot length. The shortest length
(3.03 cm) was for seedlings from seeds with the seed coat
removed. The longest seedling root length was recorded
for the control treatment (15.84 cm at maximum), while
seedlings from seeds dipped into boiling water and those
receiving KNO, or sulfuric acid treatments for different
periods of time had the same length. However, the shortest
lengths were observed in T, and T treatments (Table 2).
Different levels of sulfuric acid treatment (T, T,
and T,,) resulted in seedlings with a collar diameter of
3.16, 3.14, and 3.13 mm, respectively, which were the best
treatments among all those applied. Collar diameter (2.04
mm) was lowest for seedlings from seeds with the seed
coat removed, and that for seedlings from other seed treat-
ments did not differ significantly from the control (Fig. 1).

Leaf number, leaf area and root area

The largest mean number of leaves per seedling was for
those derived from seeds treated for different periods of
time with sulfuric acid (T, and T,)), while the smallest
number was observed in the T, (3.67) treatment. Differ-
ent periods of KNO, treatment, as well as the other physi-
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Fig. 1. Effects of different seed treatments on stem collar diameter of 5-month old seedlings of Gleditsia caspica. T : control,
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control (Fig. 2). Considering leaf area and root area, the
highest values were observed in seedlings from seeds in
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seedling leaf areas of 26.59, 24.8, and 23.95 cm?, respec-
tively, which were the highest, while T showed a mini-
mal effect (2.11 cm?) on leaf area (Fig. 3 and 4).
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Fig. 2. Effects of different seed treatments on leaf number of 5-month old seedlings of Gleditsia caspica. T : control; T —
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Discussion

Effect of different dormancy breaking treatments on
germination characteristics

In the present research, the effects of different PY-breaking

treatments of Caspian locust seeds were determined at the
seed germination stage and for 5-month old seedlings. Six

122

germination traits and nine traits of 5-month greenhouse
grown seedlings were affected by the seed dormancy
breaking treatments.

Soaking seeds in cold water for 1 to 6 days had no
significant effect on increasing the germination percent-
age, germination rate, and seed vigor index. Unlike our
present results, MEROU et al. (2011) reported that seed im-
mersion in tap water for 2 days resulted in 73% germi-



nation of Albizia julibrissin seeds compared to 33% for
control. They mentioned that this treatment caused the
formation of fissures and cracks in the seed coat, which
would promote imbibition of water.

Seed scarification with sulfuric acid was the most
efficient treatment for breaking the PY of Caspian locust
seeds, and 100% of the seeds germinated after 45 (90,
120 and 150) min of acid scarification. Acid scarification
also increased the seed vigor index and germination rate.
ZogGHI et al. (2011) applied seven treatments for breaking
Caspian locust seed dormancy, including cold and warm
stratification for 45 days, soaking in water at 60 °C and
3 °C for 2 and 48 hours, respectively, and immersion in
concentrated sulfuric acid for 30, 60, and 90 minutes.
Their results indicated that the maximal seed germina-
tion percentages were relative to sulfuric acid treatments
for 90 and 60 minutes followed by hot water treatment at
60 °C, being 38.3%, 21.7%, and 18.3%, respectively. The
reason behind the low seed germination reported by them,
compared to that of the present research, can be attributed
to both the different experimental conditions (planting the
treated seeds in trays containing sterile sand and keeping
them in a growth room under a temperature range of 20—
25 °C) and seed provenance. In this regard, MEROU et al.
(2011) also found that the seed coat of Albizia julibrissin
became permeable when seeds were immersed in sulfuric
acid for 2 hours, which increased germination from 33%
to 99%. Our results are consistent with those obtained in
other studies of Fabaceae species in which acid scarifica-
tion made the seed coat water-permeable, thus allowing
seeds to imbibe and germination (OROZCO-ALMANZA et
al., 2003; Hu et al., 2009; BABASHPOUR et al., 2011; MER-
ou et al., 2011). The results of research on seeds of Acacia
auriculiformis (OLATUNII et al., 2012) revealed that scarifi-
cation with concentrated sulfuric acid for 5 and 10 minutes
brought about the highest germination percentages (more
than 92%) compared to that of the control (42%). Both the
seed coat and the blocked natural openings are destroyed
when the seeds are subject to sulfuric acid treatment. Acid
scarification also was reported to expose the lumens of
macro-sclereids in seed coat of Coronilla varia (BRANT
et al., 1971). Acid scarification could, to some extent, de-
stroyed the counter palisade cells of the seed hilum, which
increased water absorption through the resulting open-
ing of the seed hilum. In general, proper treatment with
sulfuric acid has been demonstrated to open the plugged
natural openings of seed coat, thus increasing the water
absorption and gas exchange between placenta and its sur-
rounding atmosphere. This, in turn, improves germination
of seeds with PY (L1 et al. 1999; RAHNAMA-GHAHFAROKHI
and TAVAKKOL-AFSHARI, 2007; BAskIN and BASKIN, 2014;
PuRoHIT et al., 2015).

Seedling growth after dormancy break
Among the treatments used in this study, seed coat re-

moval resulted in seedlings with the poorest growth, i.e.
minimal rates of growth and morphological parameters in

the 5-month old seedlings. Although seed coat removal
had a more favorable effect on germination, as compared
to the other physical treatments of breaking dormancy, it
resulted in minimal shoot length, root and shoot mass, col-
lar diameter, leaf areca, and root area. Seed coat removal
should have a similar effect as acid scarification in that the
inhibition for water uptake is eliminated. However, since
the embryo is suddenly exposed to ambient factors, it may
be subjected to moisture stress. Also, embryo may be dam-
aged while removing the seed coat.

Despite the fact that soaking seeds in hot water at
room temperature had a positive effect on germination
characteristics, it did not improve seedling growth per-
formance compared with acid treatments. Considering the
thick coat of Caspian locust seeds, and the better results of
T, (hot water 100 °C) than the other water soaking treat-
ments (T ~T,), it seems that immersing seeds into boiling
water for an increased period of time (e.g., 1-10 min) may
bring about favorable germination and seedling growth.
SoLiMaN and ABBAs (2013) demonstrated that scarification
of Cassia fistula with sulfuric acid for 2 minutes followed
by soaking in boiling water (100 °C) for 6 minutes was the
best way to break seed dormancy, improving germination
by 96% and producing seedlings with a high growth rate.

KNO, is a chemical treatment that can be effective
for breaking dormancy of water-permeable seeds of many
species (HARTMANN et al., 1997; CETINBAS and KoyuNcu,
2006). Since G. caspica seeds only had PY, the different
levels of KNO, treatment were not effective in increasing
germination or seedling growth because the KNO, was not
absorbed by the embryo. Thus, the application of KNO,
was not beneficial for the studied species.

Although the highest rate of root length was seen in
the control treatment, the different periods of acid scarifi-
cation showed high rates as well. Also, immersion of Cas-
pian locust seeds in concentrated sulfuric acid for 30 to
120 minutes had very positive effects on the other eight
seedling traits. Shoot length, root and shoot mass, collar
diameter, quality index, leaf number, leaf area, and root
area of the 5-month old seedlings were the highest after
seeds were treated with sulfuric acid. Each of these param-
eters can, per se, have a positive effect on the successful
establishment of the produced seedlings used for afforesta-
tion practices. NOURMOHAMMADI et al. (2016) found that
the germination percentage of Caspian locust seeds (after
seed dormancy breaking via physical and chemical treat-
ments) was highly significantly correlated with DOI and
sturdiness quotient (SQ). However, germination percent-
age has no significant correlation with shoot/root dry mass
ratio (SRR). Further, mean germination time of Caspian
locust seeds showed no significant correlation with DOI,
SQ, SRR and Germination percentage. They suggested SQ
and DOI as suitable indices for evaluating the qualitative
status of the produced seedlings.

Oratungt et al. (2012) found that scarification of
Acacia auriculiformis seeds with concentrated sulfuric
acid for 5 and 10 minutes brought about the highest ger-
mination percentages (more than 92%) compared to that
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of the control (42%). The highest values for shoot length
and stem diameter were observed after seeds were treated
in sulfuric acid for 5 and 10 minutes. The stimulatory and
positive effects of scarification in (concentrated) sulfuric
acid treatment on germination as well as growth traits
have been reported for other species of Fabaceae, includ-
ing Tamarindus indica (MUHAMMAD and AMusa, 2003),
Prosopis juliflora and P. koelziana (ZARE et al. 2011), and
Centrosema pubescens (Ruspy, 2015). SoLiMAN and AB-
BAS (2013) reported that the largest leaf area of well-grown
Cassia fistula seedlings was observed following a com-
bined treatment of scarification in concentrated sulfuric
acid for 2 minutes and then soaking in hot water (100 °C)
for 6 min. The combined treatment had its most favorable
effects on both germination parameters (germination rate
and percentage and SVI) and the growth traits of C. fistula
seedlings (plant height and dry mass, root length, and leaf
number) during the first and second growth seasons of this
species.

Ruspy (2017) also found that amongst the different
conducted treatments such as soaking in boiling (80 °C)
water for 2, 4, 6, and 8 hours, seed coat clipping as well
as scarification in concentrated sulfuric acid (4, 8, 12, 16,
20, 24, and 28 minutes), the latter treatment (applied for
20 minutes) showed optimal effects on germination (emer-
gence index and percentage) and growth traits (dry bio-
mass, number of leaves, and plant height) of the seedlings
of Leucaena leucocephala.

Acid scarification of Fabaceae seeds with PY has
an increasingly favorable effect on germination and even
growth traits up to an optimal period of time, thereafter
longer immersion times show adverse effects (Tables 1 and
2) due to damage of the embryo, which impedes further
radical and seedling growth (OLaTUNII et al., 2012; KARA-
GUZEL et al., 2004). The optimum acid scarification time
for breaking seed dormancy and promoting growth of Lu-
pinus varius was for 12 and 16 hours (KARAGUZEL et al.,
2004). The optimum acid scarification time for breaking
PY was 30—60 minutes for L. texensis (Davis et al., 1991)
90—120 minutes for L. havardii (MACKAay et al., 1995) and
45 minutes for L. perennis (MACKAY et al., 1996) and 60
minutes for L. hispanicus (CENTENERA et al., 1999).

To know which of the available seedlings has the
best chance for growth in natural sites can be crucially im-
portant for the restoration of devastated forests in terms
of economic and management considerations. Thus far, a
number of indices have been proposed for assessing the
quality of the produced seedlings based on their growth
and morphological properties (e.g., SRR, SQ, and DQI),
among which DQI or Dickson’s quality index is well
known as one of the best (BiNvoTTO et al., 2010). This in-
dex can help researchers find the best (most suitable) seed
provenance as well as the optimal growth efficiency of the
produced seedlings (BavaLa et al., 2009; BiNoTTO et al.,
2010; NOoURMOHAMMADI et al., 2016). The results of the
present research demonstrated that sulfuric acid treatment
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holds also the potential to increase the DQI index by 3-fold
as compared to that of the control.

Conclusions

Although some physical and chemical treatments can
break PY, a thorough understanding of their effects on
the other stages of seedling growth is of great impor-
tance. Considering the results of the present research, it
can be seen that seed immersion in sulfuric acid for 60
min is the best treatment for both improving the germina-
tion factor and producing healthy, high quality seedlings.
Sulfuric acid treatment (30 to 120 minutes; optimally for
60 minutes) can thus be applied for producing strong and
high quality seedlings. Seed coat removal or treatment
with sulfuric acid greatly increased germination percent-
ages, but after 5 months of growth seedlings from acid-
scarified seeds were larger and healthier than those from
coat-removed seeds. In spite of the adverse environmental
effects of sulfuric acid treatments, acid scarification can be
considered as a practical alternative for producing quality
seedlings of Fabaceae.
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