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Effect of different hormonal and cold treatments on some biochemical and
germination indices in seeds of three species of Salvia (Salvia officinalis, S.
leriifolia, S. syriaca)

Mehrab Yadegari'"

Extended abstract

Introduction: Salvia sp. from Lamiaceae family is one of the important medicinal and pasture plants that
have many uses in various medicinal and food industries. This study was performed to evaluate the effects of
different hormonal treatments on germination in three species of Salvia including S. officinalis, S. leriifolia,
and S. syriaca under different wet stratification periods.

Materials and Methods: This research was conducted in factorial layout experiment in a completely
randomized design (CRD) with 3 replications and 2 separate repetitions in Herbal Research Institute,
Shahrekord Branch, Islamic Azad University in 2024. Experimental treatments included wet chilling (0, 10,
20, 30 day in 4°C and RH=45%) as first factor (A1-A4) and hormones inclusive (gibberellic acid (120ppm),
benzyl adenine (10 M), kinetin (10* M), gibberellic acid (120 ppm) + benzyl adenine (10 M), gibberellic
acid (120 ppm) + kinetin (10™* M), benzyl adenine (10™* M) + kinetin (10™* M), gibberellic acid (120 ppm) +
benzyl adenine (10 M)+ kinetin (10 M) and control) as second factor (B1-B8). Biochemical indices such as
hydrogen peroxide, a-amylase and beta-1,3glucanase and germination indices such as dry weight of seedlings,
length of seedlings, germination percentage, mean of germination time, seed vigour, and germination
uniformity were measured.

Results: The use of wet chilling and hormonal treatments had significant effectiveness on germination
characters. Gibberellic acid in the most of measured characters had beneficial and increasing effects. The most
and lowest important measured germination characteristics and decreased time needed for germination. The
highest and lowest amounts for germination characteristics such as seedling length (5.56-2.1 cm), seed vigor
(5.1-0.94), seedling dry weight (45.35-19.84 mg), germination percentage (91.74-38.22), germination
uniformity (21.03-3.57 day) and biochemical characters such as content of a-amylase (12.94-2.6 mM/g FW of
seed), beta-1, 3 glucanase (10.79-2.83 mM/g FW of seed) and hydrogen peroxide (0.69-0.21 mM/g FW of
seed) were recorded under wet chilling treatment for 20 day + gibberellic acid (120 ppm) + benzyl adenine
(10* M) + kinetin (10™* M) and treatment of without wet chilling + without hormonal treatment, respectively.
Also, increasing wet chilling treatment duration, increased some evaluated characteristics, but most of them
reached the highest values after 20 days wet chilling treatment. The amounts of evaluated characters in this
treatment improved more than 100% in comparison to control seeds. It can be concluded that wet chilling (20
day) along with the use of gibberellic acid, benzyl adenine, and kinetin resulted in improved seed germination
indices of Salvia spp. Results showed that in most of measured characteristics, the Salvia species have various
amounts of biochemical and germination indices. Finally, the treatment of wet chilling (20 day) and use of
gibberellic acid, benzyl adenine, and kinetin hormones, suggest to obtain of the best germination indices in
seeds of Salvia spp. Germination percentage and most of the other measured characters in this research in S.
officinalis were more than S. syriaca, and S. leriifolia, respectively.

Conclusion: Results showed that the most of measured characteristics of Salvia species have various
amounts of biochemical and germination indices. Generally, wet chilling (20 day) with the use of gibberellic
acid, benzyl adenine, and kinetin suggest to best seed germination of Salvia spp.
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Highlights:
1- Study the various periods of wet chilling and hormonal treatments on biochemical and germination
indices of Salvia officinalis, S. leriifolia, S. syriaca.
2- Wet chilling (20 day) with the use of gibberellic acid, benzyl adenine, and kinetin suggest to best seed
germination of Salvia spp.
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Table 1. Mean squares of variance analysis of various wet chilling period and hormonal treatment on germination and
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< QL“ ok ok ok ok ok ok ok ok ok
‘ ’b’::: 3 21.8 9.01 14.4 14.1 352 24.23 4.5 24.1 52.5
@"’(’;} " 7 5.1 7.5 7.1 14.1 8.11 1533 10.1 33.11 28.62
AxB 21 71" 8.14™ 6.6 92" 7.9™ 417" 311" 3.88™ 597"
E) s 64 0.81 0.92 1.12 1.03 0.45 0.62 0.92 0.56 0.99
C.V%) &g po 14.11 11.10 12.14 10.11 12.76 9.88 7.22 3.02 12.11

Gl sme pae g P[00 (PSe/eN Jlodml mhaws o o xe oS 54y NS g % e
** * significant at p<0.01, p<0.05 respectively, ns: non-significant
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Table 2. Mean comparison for the effect of wet chilling period and hormonal treatment on germination and biochemical

characters in S. officinalis

Slews S5 S il o Yo-Lo anSTyy
Treatment elS sl ol " e m] > ol L] 5645 5lS O59y0u
L (kg SHlEaes — i 2 s ek
s2olo s (o) Free Germination s (99 34> Gs) (Fos p5 3 s
Wet NI Seedling Dry percentage ~ Seed  Germination Mean of e Goses  Gopes
h'lle' Hormone  length(cm)  Weight of vigor  uniformity(day) germination a-amylase Beta-1, 3 Hydrogen
chiting seedling time (day) (mM/g fw) glucanase peroxide
(mg) (mM/g fw)  (mM/g fw)
BI 3.72°% 35.56 % 82.84 F 3.1° 8.67¢ 0.40 * 431 3.78M 030°
B2 3.49° 35.02% 80.41 " 2.8 7.68 & 0.46¢ 3.77" 3311 0.27°
B3 3.58 ¢ 35.67¢ 79.12" 2.8 8.97 ¢ 0.49 3.93¢ 345! 0.28F
B4 3.94% 36.02 ¢ 84.03 ° 3.3° 10.97° 0.37°¢ 458¢ 4,02" 0.35°
Al
B5 3.61° 36.37¢ 82.54 F 2.9° 10.39 0.45¢ 4028 3.53 M 0.34
B6 3.69 ¢ 36.61¢ 82.70 3.1° 1117 0.44 ¢ 445¢ 3.90 M 0.38°¢
B7 4.06 % 37.46 84.13° 3.4° 12.25°¢ 0.32° 4.86 426" 0424
B$ 341° 34.72°¢ 78.70' 2.6° 6.75" 0.70° 3.85¢ 3241 0.25
Bl 3.88°¢ 36.76 ¢ 84.13° 3.3° 19.06 ° 030° 5.83°F 4.86¢ 0.41%
B2 372 35974 82.84 F 3.1° 17.72% 0.53°¢ 4881 407" 0.37°¢
B3 3.77°¢ 36.214¢ 84.55° 3.2° 18.57 % 040 % 5.01 "% 4.18" 0.42%
B4 4.06* 38.71°¢ 85.70 * 3.4¢ 19.30° 0.28 6.74° 5.62° 0.48 <
A2
B5 433¢ 37.76 82.70 3.6° 18.68° 0.44¢ 5.42° 452 0.454¢
B6 455 39.51 % 83.26 3.7° 19.07° 0.40 ® 6.63°¢ 5.53F 0.46 ¢
B7 467° 4130° 87.70 ¢ 4.1% 19.66 ® 0.22¢ 8224 6.85° 0.49 «
B8 3.55° 3543°¢ 81.61 ¢ 2.9 15.76 ¢ 0.61° 4.62¢ 3.85M0 0.36°¢
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Bl 445 38.46°¢ 87.87 3.9¢ 18.56 ™ 0.12" 8.93° 7.44 0.60°
B2 4274 37.31 86.13 ¢ 3.6% 17.58 0.13 " 6.77°¢ 5.64F 0.52°¢
B3 4.49 < 38.31°¢ 82.31 % 3.6 17.61 " 0.16" 6.78 5.65° 0.53 "
B4 477" 40.30 ™ 90.28 ° 43P 21.03° 0.10" 10.12° 8.43° 0.64
A B5 5.04° 40.42 " 87.69° 4.4° 19.66 * 0.15" 9.35" 7.79 ¢ 0.56
B6 5.05° 41.50° 86.31 < 43 20.52°%® 0.14 M 8.98° 7.49¢ 0.59°
B7 5.56° 4535° 91.74° 5.1° 19.92 0.10° 12.94° 10.79 0.69*
BS 4,09 * 36.37 % 83.99 ¢ 3.4 16.87 ¢ 0.40 % 555" 5.00¢ 0.48 ¢
Bl 3.88°¢ 39.06 « 83.87° 3.2° 15.55< 0.19¢ 7.46 6.72° 0.56™
B2 372 35.62° 82.57° 3.1° 14.46 ¢ 0.20 ¢ 6.27 " 5.65° 0.50
B3 3.61° 36.02 * 81.97 % 2.9 15.14 < 0.24¢ 6.64° 5.98 < 0.53°¢
B4 433 39.51"% 85.11 % 361 17.46 ™ 0.16" 8.73 < 7.86 0.60°
Ad B5 4.05% 35.92 % 82.27° 3.3% 15.55< 0.23 ¢ 7.86¢ 7.08 *© 0.53°¢
B6 4214 38.26 « 83.68° 354 17.61% 0.21¢ 7.47 % 6.73° 0.57™
B7 461° 40.50 ° 86.40 ¢ 3.9¢ 18.89° 0.15™M 7.68¢ 8.94° 0.67*
BS 3.50° 34.71°¢ 81.41¢ 2.8 6.61" 0.71° 3.83" 3201 0.24¢

ol LSD (5031 olosl s oy ey Jloziol gebans 5 )l sime gl oima i gt o 0 glite (g, *
The different letters in each column indicate significant difference at 5% probability level based on LSD test.
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Table 3. Mean squares of variance analysis of various wet chilling period and hormonal treatment on germination and
biochemical characters in S. syriaca

g SOy . v LT PR
s e A?)i ol oS Sidlez oy Hh A Sl il el W1 5 I
SOV &3l e Dry Germination Seed NI Mean of a- 4 2907
- DF Seedling weight of percentage vigor Gerlmlnatllon germination amylase Beta-1, 3 hydrogen
length . uniformity . glucanase  peroxide
seedling time
< JLQ ek ek Aok ek Aok ek Aok ek ek
"b’::: T3 355 14.22 24 11.1 422 33.51 62.5 445 77.42
@5&:;) ) 7 15.1 14.5 19.1 27.1 5.42 7.33 46.61 39.61 42.61
AxB 21 2217 238" 28.6™ 19.2" 29" 4.22" g™ 1s11” 17.1”
(E) Ua> 64 0.99 0.85 23.12 0.56 0.94 0.99 0.58 0.86 0.61
(C.V%) Sl sy o 12.18 10.17 10.14 11.23 8.11 11.55 12.77 10.14 12.12

Solosme pae gPS /o0 (PSe/e) Jloiol gl o o e oS 4y NS g s e
** * significant at p<0.01, p<0.05 respectively, ns: non-significant
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Table 4. Mean comparison for the effect of wet chilling period and hormonal treatment on germination and
biochemical characters in S. syriaca

Lo P Yog V-l eS|
T e ey - s Y e
wosbe e oy TR e 0T () el Gs );Jy&i) 27 dyede)
Wet 0% Seedling D;B{ o Germination  yigor Germination Mean of a:”a‘;f 1:1);, G Jf}a 5 G5 039
A Hormone length weight percentage uniformity(day) ermination M Beta-1, 3 hydrogen
o ey (MER e e

BI 327% 2679 63.78°  2.08F 5.20M 0.44% 3.32M 3.821% 0228

B2 3.077  2246° 61.92° 1.90° 4.69M 0.519 290! 3.34¢ 0.20"

B3 3155 2287°  60.92°¢ 191f 5470 0.54 3.03! 3.48¢ 0218

Al B4 346 23.09° 6470  2.24° 6.69" 0.41° 3.53 h 4.06" 0.268
B5 3.16F  2332%  6356% 2,01 6.34&" 0.50¢ 3.09' 3.568 0.258

B6 3250 23.48%  63.68%  2.07F 6.818 0.49¢ 3420 3.941% 0.28%

B7 3.57°0  2832%  64.78%  231° 7478 0.36° 3.740 431° 0.31°F

B8 3.00%  2226°  60.60° 1.81°F 4,031 0.78% 2.961 3.22¢ 0.18"

Bl 3.03% 23579 69.83¢ 211 11.24% 0.33°f 4.84% 4.27° 0.34°f

B2 2908 23.07¢ 68769  1.99° 10.45¢< 0.59°¢ 4058 3.58¢ 0.30f

B3 2948 23229  70.18¢  2.06 10.96 % 0.44% 4.16¢ 3.67¢8 0.35¢

A B4 3.16° 2482 71139 225° 11.38¢ 031f 5.59¢ 4.94¢f 0.39%
B5 338" 24219 6864 232° 11.02% 0.494 4508 3.971% 0.36°¢

B6 3550 25339 69.11¢  245° 11.25% 0.44% 551° 4.86° 0.37°¢

B7 3.64°  29.99°  84.00°  3.05% 11.60¢ 0.25 6.82¢ 6.03% 0.40%

B8 2770 2271 67.74¢ 1.87° 9.30° 0.68° 3.83" 3.208 0.29%

BI 405 2856  79.19®  321¢ 15.04% 0.14 " 7.414 6.554 0.49°¢

B2 3894 2771¢  77.62%  3.019 14.24° 0.15&" 5.62° 496 0.434

B3 408  2845%  7418°  3.03% 14.26° 0.18¢8 5.63° 4.97¢ 0.44°

A3 B4 434¢  2993%  8136™  3.53° 17.03% 0.12" 8.40° 7.42°¢ 0.53%
B3 4.58%  30.02°  79.03%™  3.62° 15.93° 0.17¢&" 776 6.86 0.46°

B6 460°  3423°  77.78°  3.57° 16.62%® 0.16%" 7.46°¢ 6.594 0.48°¢

B7 5.05%  33.68%  82.68°  4.18° 17.91°% 0.11°" 10.74 9.49° 0.56°

B8 3.72% 2569 7569°¢ 2.82¢ 13.66% 0.44% 4618 4.40°f 0.39%

Bl 3377 29.01%  7439°  2.51% 12.45¢ 0.218 5.05"% 6.14% 0.51°¢

B2 323%  2645° 7324°  237% 11.58% 0.228 4248 5.16° 0.46°

B3 3.14%  2675¢ 7271°  228° 12.13¢ 0.27% 449¢ 5.47°¢ 0.49°¢

Ad B4 3.76%  2934°  7549% 2849 13.99°¢ 0.18¢8 591°¢ 7.19% 0.55°
B5 3.52°F 2668 7297°  2.57% 12.45¢ 025 532 6.474 0.49°¢

B6 3.66%  28.41%  7422%  2.72% 14.10° 0.24 5.05° 6.15% 0.52°

B7 4019 30.08°  76.64"  3.07¢ 15.13% 0.168 6.46% 8.17° 0.61°

B8 3.048  21.83°  5935° 1.80° 10.69° 0.79° 2.87¢ 3.24¢ 0.424

sl LSD 5031 ool 3 0oy ety Jloti! el j Jlo cime glds oaimayLis ygies ;o 0 Sgliie g >
The different letters in each column indicate significant difference at 5% probability level based on LSD test.
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Table 5. Mean squares of variance analysis of various wet chilling period and hormonal treatment on germination and

biochemical characters in S. leriifolia

SE059 Sde uaiiL».A
4>, J}Ja a>olS [ . . Lsob's" ST X — vj\—ti.; M.S‘]..
SRTr 7 < T Sy aeyy dan jjlg> el W] -
S [ LS Dry - il e LSslS 3
SOV &ols S 'dl' bt Germination ~ Seed Germinati Mean of a- Botnl 3 hds
.0. DF eedling  weig percentage vigor ermination germination amylase eta-1, ydrogen
length of uniformity . glucanase peroxide
. time
seedling
) JL@
s ’: :j 3 498" 12117 77.8" 33.17 442" 559" 52.17 775" 445"
; Lo"". ko kk ko *k *k ok kk ok k%
‘f":;’ - 7 18.1 14.5 11.1 18.1 8.22 5.66 33.11 33.61 33.2
AxB 21 28.1" 11.8™ 14.6" 142" 19.9" 477" 2017 14.11™ 9.11™
E) s 64 0.94 0.87 1.08 1.02 1.43 1.09 1.01 0.99 0.77
(CV%) Ol prsin o 12.09 14.01 10.66 12.19 11.17 11.62 7.43 14.22 12.55

** * significant at p<0.01, p<0.05 respectively, ns: non-significant

Solosire pac g PSS+ 0 (Pl Jlasl mhas jo s sire (ol 54y NS g
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oy Ken

\e
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Table 6. Mean comparison for the effect of wet chilling period and hormonal treatment on germination and biochemical

characters in S. leriifolia

Sl Jsb Se05s LT LT LS elS Y gL 5900 SeS T
sy e pSile Sl W1 :
Treatment azals azdls o WA i’sjy o w:j} 3 Jsasleo) 5 » Jeesks) 5 2 Jyekes)
oske O N T T e v 5 038 5 ois
S le Seedlin Dry weight Germination vigor B B ot 709 £ Beta-1, 3 Hydrogen
Wet Hormone | thg fry dlg percentage g0 uniformity(d germination a-amylase | g Y gd
e e W me)  aigny e pesid
Bl  248%* 2391% 5248° 13f  470® 0.61°¢ 2.97¢8 3368 0264
B2 2338 20.047  5095° 12%  4.16% 0.70%  2.608 2.94h 0.23h
B3 2398 20417 50.13°  12%  486% 0.74¢ 2718 3.06" 0.24¢
B4 2635 20617 53.24° 14°f  595f 056"  3.17% 3.57¢& 0.298
Al f b f f de h
B5 2418 20.81 52.30 1.26 5.63 0.69 2.78¢ 3.13¢ 0.28¢
B6 247%  2095%  5239° 129" 6.06f 0.67%  3.07% 3474 0.321%
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