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Table 1. Analysis of variance results for the effects of temperature, sulfuric acid and gibberellic acid on the
germination indices of Dracocephalum kotschyi

Az Gl ggrd Sialer wsye Jiallex S s pal g
ol Sources of i e A e azals azals
P iation w3l Germination Germination Germination T i
varia Seedling Seedling
df start percentage rate ; .
length vigor index
s Temf(’%ature 1 0.14™ 422" 0.071™ 0.008™  1400.1™
SSulfuriC ok *ok *k ok *k
S yad |
5 598 g S acid (SA) 1 235 1497 0.58 36.19 42062
Gibberellic
&.J ‘ ns ns ns ns ns
e acid (GA) 2 0.146 84.4 0.013 0.258 627.1
Sy g Al % Lo T xSA 1 5.48"™ 3.8™ 0.001™ 0.986™ 105.09™
Sy el x Lo T x GA 2 3.41™ 220° 0.029™ 2261 5121°
Q] X Sy 48 | N
) 22585 S SA x GA 2 19.2 31.4" 0.003™ 0.297ns 173.8™
X S ol I x Lo
e SAKGA 2 8.49"™ 216™ 0.036™ 0757 1764™
s Error 36 5.107 67.4 0.018 0.59 1082
(02,9) Ol yss cu pi CV (%) - 15.99 35.02 37.73 41.75 64.5

R N Y R INTY AYA I PUE TR KOS PR M LS U RISV SO P s P S

*, ** and ns indicate significant differences at p<0.05, p<0.01 and non-significant, respectively
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Table 2. Analysis of variance results for the effects of temperature, sulfuric acid and mycorrhiza on the
germination indices of Dracocephalum kotschyi

4z jalg> E g 3jailg> as o $aile> e st ol
. Sources of S A ST ST = azals azals
s variation w3l Germination  Germination  Germination .dl': .dl.:
df start percentage rate Seedling See . ng
length vigor index
Les Temperature 3.41™ 46" 0.006™ 0.241™ 2096™
@
S5l g Smfgf)a“d 1 16.33" 622" 0177 50.85" 93542"
Mycorrhiza ns Hk Hok sk sk
lA
5359500 (AM) 1 25.81 1984 0.402 93.63 188678
Sy gus Al x Lod TxSA 1 0.213™ 43.41™ 0.009™ 4.88"™ 14760
1525950 x Lad T <« AM 1 1.61" 195.3™ 0.020™ 217" 11243™
x S yob | " *
295 e SA x AM 1 25.81™ 250 0.067 5.008™ 17305™
1525550
Sy 9 g Aol x Lo « *
T x SA x AM 1 11.21™ 0.004"™ 0.0019™ 19.62 30829
152,95 x
a5 Error 24 6.92 54.8 0.014 2.65 6237
(00,8) Sl i g o CV (%) - 19.84 25.8 27.28 46.97 64.79
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* ** and ns indicate significant differences at p<0.05, p<0.01 and non-significant, respectively
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Fig. 1. Germination starts in Dracocephalum kotschyi seeds affected by interaction effect of sulfuric acid pre-
treatment and different concentrations of gibberellic acid
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Table 3. Effect of sulfuric acid pre-treatment on germination indices of Dracocephalum kotschyi

Sl bl &5ly> Ly azals Jsb
< Silez S . . L azalS 4y s
,"”‘J > Germination (”,) 20 ) (’f‘ ) Seedling vigor
Sulfuric acid pre- percentage Germmanon_{ate Seedling length index
treatment (Seed daty ™) (cm)
- UT
. ‘JM' j 29.0+1.94% 0.466 + 0.029* 2.71+£0.19* 80+9.09°
Distilled water
sl 2 17.9+1.88° 0.246+0.027° 0.97+0.013° 21.4+428"°

Sulfuric acid

oy 0 Jlei s 5o lo e Sgles JBlas aeT wlal 1 Jlo sime (6Ll NS 08l S ie Bgym b (o lasliwl slas £) slaSile

Means (+standard error) with a similar letter(s) have no statistically significant difference based on the least
significant difference test at p<0.05.
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Fig. 2. Germination percentage of Dracocephalum kotschyi seeds affected by interaction effect of different
concentrations of gibberellic acid at different temperatures
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Fig. 3. Germination percentage in Dracocephalum kotschyi seeds affected by interaction effect of sulfuric

acid pre-treatment and treatments with mycorrhiza
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Fig. 4. Germination rate in Dracocephalum kotschyi seeds affected by interaction effect of sulfuric acid pre-
treatment and treatments with mycorrhiza
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Fig. 5. Seedlings length and vigor of Dracocephalum kotschyi affected by interaction effect of temperature
and different concentrations of gibberellic acid
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Fig. 6. Dracocephalum kotschyi seedling length affected by interaction effect of germination temperature,
sulfuric acid pre-treatment, and mycorrhiza
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Fig. 7. Dracocephalum kotschyi seedling vigor index affected by interaction effect of germination
temperature, sulfuric acid pre-treatment, and mycorrhiza
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Germination response of Dracocephalum kotschyi to sulfuric acid
pretreatment, gibberellic acid, and mycorrhiza at different temperatures
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Extended Abstract

Introduction: The application of different physical, chemical, and hormonal treatments mainly improves
the germination of plants such as Dracocephalum kotschyi Boiss that have a seed dormancy mechanism.
However, the interaction effects of germination, temperature, pretreatment with sulfuric acid, treatment with
gibberellic acid and mycorrhiza on D. kotschyi germination have not been studied. Therefore, this experiment
was performed in vitro to study the effect of seed pretreatment on improvement of germination
characteristics of D. kotschyi seed.

Materials and Methods: The treatments studied in this experiment included (1) pretreatment of seed
coat with sulfuric acid (97-95 %, for 10 min) and non-pretreatment (distilled water); (2) different treatments
including treatments with concentrations of 0, 250, and 500 mg L™ gibberellic acid (GA) or inoculation with
mycorrhiza suspension in two separate experiments; and (3) two temperature treatments; room and
refrigerator (about 4 °C) temperatures. The experiment was performed as a factorial based on a completely
randomized design with four replications and different germination and initial seedling growth indices were
examined.

Results: Gibberellic acid application at room temperature resulted in a significant increase in germination
percentage and rate, whereas there was no significant difference between different levels of gibberellic acid
and control at 4 °C. Similarly, the application of 250 mg L™ GA improved seedling length and seedling vigor
index at room temperature. While pretreatment with sulfuric acid significantly reduced germination and
seedling growth indices compared to non-pretreatment, inoculation with mycorrhiza suspension in both
pretreatment conditions compensated the germination reduction caused by sulfuric acid pretreatment by
improving germination. Similarly, while the highest seedling length and vigor were obtained from
mycorrhizal treatment at room temperature in non-pretreatment with sulfuric acid, at 4 ° C, inoculation with
mycorrhiza also significantly reduced the loss in seedling length and seedling vigor index caused by sulfuric
acid application.

Conclusion: According to the findings, it seems that the application of 250 mg L' GA at room
temperature can be considered to improve the germination trend of D. kotschyi. Also, according to the results,
treatment with mycorrhiza in sulfuric acid-free treatment at room temperature can be recommended as
optimal conditions to improve the germination of D. kotschyi.

Keywords: Chemical scarification, Germination trend, Hormonal and biological treatments, Seedling
vigor, Temperature treatment

Highlights:
1- The interaction effect of chemical pretreatment with biological and hormonal treatments on the
germination of Dracocephalum kotschyi was investigated.
2- The application of gibberellic acid at room temperature improved germination compared to the
control, whereas it had no effect on germination at 4 °C.
3- Application of mycorrhiza reduced germination loss caused by pretreatment with sulfuric acid and
led to maximum germination and seedling growth.
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