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Article Info ABSTRACT

Article type: Objective: Licorice (Glycyrrhiza glabra L.) seed propagation is constrained by a hard

Research Article seed coat and slow, non-uniform germination. This study evaluated the effects of
chemical treatments, light, and temperature on germination, seedling vigor, and early

Avrticle history: growth of licorice.

Egi?;:gdlg X;rrﬁhzggg(s Method: Five independent experiments were conducted: sulfuric acid (50% and 98%

Accepted: 27 April 2026 for 30 and 60 min), gibberellic acid (50, 100, and 200 mg L™ for 24, 48, and 72 h),

potassium nitrate (0.2%, 0.4%, and 0.6%), light quality (red, blue, white, 70% red +
30% blue, far-red, and darkness), and temperature regimes (constant 4, 11, and 25 °C,

Keywords: plus a boiling-water pretreatment). Each experiment used a completely randomized
Gibberellic acid design with four replicates of 20 seeds. Germination, seedling growth, and vigor traits
Licorice

- . were measured.
Potassium nitrate

Seed dormancy
Sulfuric acid gave 100% germination and the highest germination rate (13.45 seeds day™), while 60

Results: Treatment effects were significant for most traits. Sulfuric acid (98%, 30 min)

min produced the greatest seedling length and vigor index. Gibberellic acid at 100 mg
L™t for 72 h gave the highest vigor index, and 200 mg L™ for 72 h the highest
germination rate. Potassium nitrate at 0.6% gave the highest germination percentage and
rate, while 0.4% improved seedling growth and vigor. Blue light enhanced germination
percentage and speed, whereas darkness increased seedling length, fresh weight, and
vigor index. Boiling water followed by 25 °C gave the highest germination percentage
and rate, while continuous 11 °C produced the greatest seedling length and numerically
highest vigor index.

Conclusions: Licorice seed responses depended on both treatment type and trait
evaluated, so treatments maximizing germination did not necessarily produce the most
vigorous seedlings. Treatment selection should therefore consider both germination and
seedling quality. These findings provide a practical basis for improving licorice
propagation and for designing greenhouse and field validation studies.
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Highlights:

o Five experiments tested chemical, light, and thermal treatments in licorice.
e Sulfuric acid (98%) was the most effective scarification treatment.
e Treatments maximizing germination did not necessarily maximize seedling growth
and vigor.
Introduction

Licorice (Glycyrrhiza glabra L.) is an important medicinal legume whose roots and
rhizomes contain numerous bioactive compounds used in pharmaceutical and food industries
(Wang et al., 2020). Expanding its cultivation is important because overharvesting and habitat
loss threaten natural populations (Hosseini et al., 2021; Yan et al., 2023). Seed propagation is
valuable for large-scale production, conservation of genetic diversity, breeding programs, and
physiological studies (Afsharzadeh et al., 2025). However, licorice seeds commonly exhibit
low, slow, and non-uniform germination because their hard seed coat restricts water uptake
and imposes physical dormancy (Ghadiri & Bagherani Torshiz, 2000; Rafieiolhossaini et al.,
2015). In legumes, physical dormancy is commonly associated with compact and
impermeable seed-coat layers that prevent imbibition until these layers are weakened or
disrupted (Baskin & Baskin, 2004; Wen et al., 2024). Chemical scarification, gibberellic acid,
nitrate treatments, light, and temperature may influence dormancy release through different
physical and physiological mechanisms (Balouchi & Modarres Sanavy, 2006; Balouchi et al.,
2008; Duermeyer et al., 2018; Yan & Chen, 2020; Ali et al., 2022). Therefore, this study
evaluated the effects of sulfuric acid, gibberellic acid, potassium nitrate, light quality, and
temperature regimes on seed germination, seedling vigor, and early growth of licorice.

Materials and Methods

Seeds were collected from a natural licorice population in the Atashgah area, west of
Isfahan, Iran. Healthy and relatively uniform seeds were cleaned, stored under dry conditions
at 4 °C, surface-disinfected with 5% sodium hypochlorite for 15 min, and thoroughly rinsed
with distilled water. Five independent experiments were conducted, each arranged in a
completely randomized design with four replicates of 20 seeds. Sulfuric acid was tested at
concentrations of 50% and 98% for 30 and 60 min. Gibberellic acid was applied at
concentrations of 50, 100, and 200 mg L™t for 24, 48, or 72 h. Potassium nitrate was tested at
concentrations of 0.2%, 0.4%, and 0.6%. Light treatments included red, blue, white, a
combination of 70% red and 30% blue, far-red, and darkness. The temperature experiment
consisted of continuous incubation at 4, 11, or 25°C during the germination period, while
boiling-water treatment was applied as a separate thermal pretreatment (100°C for 5 min)
followed by incubation at 25°C. Germinated seeds were counted daily, and radicle protrusion
of at least 2 mm was considered as the germination criterion. Germination percentage,
germination rate, mean germination time, seedling length, seedling fresh weight, and seedling
vigor index were determined using standard procedures (Zhang et al., 2007; Kaya et al.,
2008). Seedling length was measured from digital images using ImageJ software (Albert et
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al., 2023). Data from each experiment were analyzed separately by one-way analysis of
variance, and treatment means were compared using Tukey's test at the 5% probability level.

Results and Discussion

Sulfuric acid significantly affected all measured traits. Treatment with 98% sulfuric acid
for 30 min produced 100% germination and the highest germination rate of 13.45 seeds day ™2,
whereas exposure for 60 min produced the greatest seedling length and vigor index. These
findings support previous reports that sulfuric acid scarification improves the germination of
licorice and other hard-seeded legumes by weakening the seed coat and increasing its
permeability to water (Ghadiri & Bagherani Torshiz, 2000; Balouchi & Modarres Sanavy,
2006; Wen et al., 2024; Afsharzadeh et al., 2025). In the gibberellic acid experiment, 100 mg
L™t applied for 72 h produced the highest seedling vigor index, while 200 mg L™t applied for
72 h resulted in the highest germination rate. Gibberellins promote embryo growth, hydrolytic
enzyme activity, and the transition from dormancy to germination, although their
effectiveness may be limited when water uptake is strongly restricted by the seed coat
(Balouchi et al., 2008; Ali et al., 2022; Toora et al., 2024). Differences among studies may be
related to seed origin, dormancy intensity, gibberellic acid concentration, and treatment
duration (Tapfumaneyi et al., 2023; Cao et al., 2025). Potassium nitrate at 0.6% produced the
highest germination percentage and rate, whereas 0.4% favored seedling length and vigor.
Nitrate can act as both a nutrient source and an environmental signal that interacts with
hormonal, temperature, and light pathways during dormancy release and germination
(Duermeyer et al., 2018; Yan & Chen, 2020). Blue light produced the highest germination
percentage and rate, while darkness increased seedling length, fresh weight, and vigor index.
Light quality regulates germination and early seedling development through photoreceptors
and their interactions with hormonal signaling pathways (Yan & Chen, 2020; Wei et al.,
2023). However, the greater seedling length in darkness may partly reflect etiolation rather
than superior post-emergence quality. Different responses of germination and seedling growth
to light spectra have also been reported in other medicinal plants (Thongtip et al., 2022).
Among the evaluated conditions, boiling-water thermal pretreatment followed by incubation
at 25°C resulted in the highest germination percentage and rate. This response was probably
due to the weakening of the hard seed coat by hot water, which facilitated water uptake and
germination. Similar positive responses to hot-water scarification have been reported in other
hard-seeded species (Wang et al., 2011; Seng & Cheong, 2020; Cavallaro et al., 2021).
Continuous incubation at 11°C produced the greatest seedling length and the numerically
highest vigor index, whereas incubation at 4°C reduced the germination rate and increased the
mean germination time. This response is consistent with the inhibitory effects of low
temperatures on enzymatic activity, respiration, and embryo growth (Haj Sghaier et al., 2022).

Conclusions

Licorice seed responses depended on both the treatment type and the evaluated trait, and
no single treatment maximized all germination and seedling-growth characteristics. Longer
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acid exposure and specific gibberellic acid or potassium nitrate treatments were more
favorable for some seedling growth and vigor traits. Treatment selection should therefore
consider germination performance and seedling quality simultaneously. Further validation
under greenhouse and field conditions is recommended.
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Table 1. Equations used to calculate germination indices.

idlex sl asls Sluulxe slaalal, Jeus

Trait Equation
measurement
5] { n
SIS () 220 GP = (%) x 100
Germination Percent (%) N
iy ey 355 5 e olass ni
L GR = 2(—
Germination rate Seed day™ ¢ (ti)

Seedling vigor index

Sl oloy (eSlee
Mean germination time

VI = Seedling length (cm) x GP (%)

MGT = X2(nt X Tt)/ZEnt

wlaydy slaws NE 65, conmyy Lo 5)led olojy T d 5, o oojailer slaydy slaws N togesl (UL b oxjailsr slayds JS oo NS5 5o 58 44 J5 sl N

sl 59y ey 1L Bl ey Tt ot 595 S o0jale>

N is the total number of seeds per replicate; n is the total number of germinated seeds at the end of the test; ni is the number of seeds
germinated on day i; ti is the corresponding counting time (day); nt is the number of seeds germinated on day t; and Tt is the

corresponding time (day).
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Table 2. Analysis of variance (mean squares) for the effect of sulfuric acid treatments on germination traits of

licorice seeds.

Slapo (uSlso
5 ol axyd Mean squares
’g’:f:, @bl amalS s el Job sl Fialez o amalS Ay p3Lo
.O.V. : . &iile S . f
D.F.  Seedling fresh Seedling Germination Germination Seedling vigor
weight length rate index
Tre;::;em 4 0.011™ 8.752™ 4701.87" 91.073" 65073.47"
Et:a:)r 15 0.001 0.008 7.083 0.342 202.72
Ol ek g b A0y
cV (%) 5.269 6.444 5.142 8.740 14.47

L do)d ) ksl melaw 10 (6 lo S saims i **

** indicate significance at the 1% probability levels.
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Table 3. Mean comparison of licorice seed germination traits in response to sulfuric acid treatments.

" LS iy ATk il ey OUST S SO
o Seedling fresh Seedling length  Germination Germination s
Treatment weight (g) (cm) percentage rate = Seedling vigor
(seed day™) index
sl 0.729 ® 0.632°¢ 26.25°¢ 3.78°¢ 16.59 ¢
Control
Ao Yo — a0y B G o guo dnusl ab ¢ c cd c
. i . 0.728 0.629 26.25 3.77 16.52
50% sulfuric acid - 30 min
ALBS Fo — 2o yd B S gl guw Sl b ¢ c d c
0.664 0.709 30.00 2.50 21.28
50% sulfuric acid - 60 min
Ao Yo — a0 30 A SO jel g s ab b a a b
. i . 0.742 1.271 100.00 13.45 127.08
98% sulfuric acid - 30 min
40 P 00yd W S il gt 0.810° 4.063 2 76.25" 9.98" 310.31 2

98% sulfuric acid - 60 min

Wl Se Ry Gl g S ws s iy Sl mhaw 18 (gt o 50 S e B> S BBl gl sl Sile
Means with at least a same letter within a column are not significantly different at the 5% probability level based on HSD test.
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Table 4. Analysis of variance (mean squares) for the effect of gibberellic acid treatments on germination traits of
licorice seeds.

©lapo (Sl
ki e PR PR . Mean squares . :
S.O.V. D.F. azxalS 5 (39 azals Job i4lgr wo o S 3lg s azalS sy el
Seedling fresh i Germination o Seedling vigor
weight Seedling length percentage Germination rate index
-l 9 0.130" 3.865™ 1140.277" 51.892" 22215.944™
Treatment
s
30 0.019 0.0271 32.916 1.412 524.391
Error
Sl c0d 050 - 12.095 4.960 10.928 12.524 12.694
CV (%) ' ' ' ' '

s do )0 ) ksl gl 10 (6 lo e saimoyLii NS
** indicate significance at the 1% probability levels.
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Table 5. Mean comparison of licorice seed germination traits in response to gibberellic acid treatments.

o azalS i 09 azals Job Silgz weye Giailer ce e azmalS 4y s ld
Treatt:nent Seedling fresh ~ Seedling length  Germination Germination  Seedling vigor
weight (g) (cm) percentage rate (seed day™) index
C;zr:ol 0.720 ¢ 0.660 ¢ 26.25° 3.27°¢ 17.49°
el YF - 5l 50 0,5 o B S o sl ab a de d d
Gibberellic acid 50 mg L-1 - 24 h 1.107 3.777 36.25 6.78 136.77
el FA - d 50 0,5 Lo B0 SO s ol ab a cd cd cd
Gibberellic acid 50 mg L-1 - 48 h 1182 3940 4500 815 17693
el VY - id )5 0,8 (chuo B0 S iy sl 1205 % 2 b 125® 11.00 % 218.01
Gibberellic acid 50 mg L-1-72 h 205 355 61.25 00 80
el YF - 55d 50 0,5 Lo Voo Sy sl ab ab de de d
Gibberellic acid 100 mg L-1- 24 h 1.170 3.590 37.50 5.87 134.66
b TA © i 52 pofishoe 1ot Selee ! 1082 3925° 55.00 1054 215.43"
Gibberellic acid 100 mg L-1-48 h ' ' ' ' '
ML‘”VY'}%J)°F;&1€-°‘“&$J}M‘?‘-‘#W' 1.235® 47 2 73.75°2 13.12® 291.752
Gibberellic acid 100 mg L-1-72 h 235 39 375 3 LTS
el YF - 2d 50,8 (oo Voo SO pus ael a ab cd cd cd
Gibberellic acid 200 mg L-1 - 24 h 1375 3952 40.25 8.52 16399
el FA - o P)fgsl-*-‘ Yoo Sy ol 1310 c 7 a 13.12® 213.21 ¢
Gibberellic acid 200 mg L-1-48 h 310 3050 0.00 3 3
el VY - 5l 52 oo sloo Vo Sl o e 1.030™ 3200 73.75° 14.50° 235.66°

Gibberellic acid 200 mg L-1-72 h

5,05 (S5 gey] bl (5l e BB s po iy Jleis s 1 (g B 58 S e B> S Jlas gyls sla Sl
Means with at least a same letter within a column are not significantly different at the 5% probability level based on HSD test.
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Table 6. Analysis of variance (mean squares) for the effect of potassium nitrate treatments on germination traits

of licorice seeds.

Olry o (5Kileo
Mean squares

A 4ry° . Ay oyloy oSl
e o J ; - L ay Sl T Ol o
S.OV. @l amals gojy  amelS Jsb il wep il e 7T 5
D.F.  Seedling fresh  Seedling Germination Germination S Mean
weight length  percentage speed Seed vigor germination
index time
Tre;l:;;ent 3 0.02015™ 10509 513757 187.729™  130551.583"  0.32002"
Eﬁ“r‘;r 12 0.00210 0.02914 15.625 0.52791 527.725 0.04009
Ol ki g b 2030
CV (%) - 5.587 5.787 4,941 5.375 8.293 13.15

** indicate significance at the 1% probability levels.
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Fig 1. Mean effect of different levels of potassium nitrate on germination characteristics of licorice seeds. Means followed by
at least one common letter are not significantly different according to Tukey’s test at the 5% probability level.
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Table 7. Analysis of variance (mean squares) for the effect of light quality on germination traits of licorice

seeds.
Mean squares <l o (2Kibe
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s o) ) sl zalae )0 ()l poe saimslas NS

** indicate significance at the 1% probability levels.
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Fig 2. Average effect of light quality on germination characteristics of licorice seeds. Means followed by at least one
common letter are not significantly different according to Tukey’s test at the 5% probability level.
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Table 8. Analysis of variance (mean squares) for effect of temperature regimes on licorice seed germination
traits
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Fig 3. Average effect of temperature regimes on licorice seed germination characteristics. Means followed by at least one
common letter are not significantly different according to Tukey’s test at the 5% probability level.
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