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Abstract

Introduction

Sodium nitroprusside (SNP) and triacontanol (Tria), as plant growth regulators, enhance plant
growth and development and influence the production of secondary metabolites. Triacontanol
specifically plays a key role in regulating various biochemical and physiological processes,
including photosynthesis. This leads to increased growth, yield, and product quality, as well as
improvement in active compounds in medicinal and aromatic plants under normal or stressful
conditions. Triacontanol can exert this effect alone or in interaction with other hormones and plant
growth regulators. Sodium nitroprusside is recognized as a plant growth regulator, acting as a
mediator to perform its regulatory role. It is commonly used as a nitric oxide-releasing compound
in plants, which, in solution, is light-sensitive, and its decomposition is accelerated by oxygen and
high temperatures. Nitric oxide itself is considered a reactive nitrogen species that can act as a
signaling molecule, mediating adaptive responses to biotic and abiotic stresses in plants.
Furthermore, it functions as an antioxidant, scavenging free radicals and eliminating them.
Dracocephalum moldavica L., commonly known as Moldavian balm, is an annual, aromatic herb
from the mint family (Lamiaceae). Native to Central Asia and domesticated in Central and Eastern
Europe, it holds significant economic and medicinal value. This study investigates the effects of
SNP and Tria on the morphological changes, as well as, quantitative and qualitative performance
of secondary metabolites, especially the essential oil yield of D. moldavica.
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Materials and Methods

This research was conducted as a factorial experiment using a completely randomized design with
three replications at the Faculty of Agriculture, Tabriz University. The experimental factors
included foliar application of three concentrations each of sodium nitroprusside (0, 0.5 and 1 mM)
andtricanthanol (0, 0.5and 1 mM) during the flowering stage. The evaluated traits included growth
parameters (leaf area and number of lateral branches), shoot yield (fresh and dry weight), essential
oil yield and percentage, biochemical characteristics (soluble solids, protein, flavonoid and total
phenol content) and nutrient content (nitrogen, phosphorus, potassium and sodium) at the full
bloom stage.

Results and Discussion

The results demonstrated significant effects of SNP and Tria interactions on leaf area and the
number of lateral branches. SNP at 1 mM notably increased shoot fresh and dry weight. Different
concentrations of Tria significantly influenced total soluble solids. Foliar applications of SNP and
Tria significantly improved leaf tissue nutrient content, with the highest increases observed at 1
mM. Additionally, treatments with SNP and Tria, individually and in combination, significantly
increased phenol, flavonoid and total soluble protein contents. The combination of ImM SNP and
1mM Tria led to increases of 62.93 %, 51.24 %, and 34.92% in phenol, flavonoid, and protein
content, respectively, compared to the control. The same treatmentalso increased the essential oil
yield by 207% compared to the control treatment.

Conclusion

The study underscore the significant impact of appropriate concentrations of sodium nitroprusside
and triacantanol on the growth and vyield of Moldavian Balm. Among all treatments, 1ImM
triacantanol combined with 1mM sodium nitroprusside was identified as the optimal treatment,
offering substantial improvements in growth parameters, phytochemical content, and essential oil
yield.

Keywords: Essential oil, Growth regulator, Medicinal plants, Moldavian balm.
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Table 1. Physical and chemical characteristics of the tested soil

Silt
Cla Sand K
0, y %

% %  (mgkgt
6 18 76 480

(mgkg?) (mgkg)

i Electrical
Organic pH ectrica
carbon conductivity
% (ds m?)
0.5 1.2 7.8 3.33




\)a%

VEF e o) osles FA W alE Sl

2 ¥sene J5 355 0 oS Ay I Eel gl o
Dhal Bl Cel ams ys g syl Sl Jghe Jeb sl
ot B PEEY 5l gl 3 53 g el 2 2
5 J oo s Sl sl 0 o b T e
».(Vermaet al., 2022) 1S . Wl les (g 50554
JETL 5 ahd o cllllas I (5 ke gmls ulal
5 008 iy 5 Sle dsb e g BB 1B e
(P e Li slta &5 sltas (5 b St
it DY pazn 53 w33 L g J35 IS e
Naeemet) coulodss § o30S 5 o ls ol

al., 2011; Singh et al., 2012; Khandaker et al.,
b .(2013; Perveen etal., 2014; Alietal., 2020

K Olsea JFBEL 5 (e ol S Jol b
Sl ol Sl ila slum  alE wi, oS e
oS (555 ol plonl STl o ol azbls e
Cals gl (Momordica charantia L.) Y,

.(Yadollahi et al., 2015)

Sl Lo Slus

s JpEEL 5 e laclhle S0y )y
oslzinl 3)50 (glajles sl OLE Wleg g 28 e
i g Sl adls g sy Gl el slaas 2058
&G Sl 4 b sk oS Sl L sl
S g blasns i e 5 JSESL S Y e
Sl OlES doys P il dals Gl 4 S
4 bge 5 (Gl B Sl Ol (28 rmes
4 by s () JS) 5 g (ode VWW/O) dals [les
A o sl &S5 Sliv g)LT LT
el ok &1, Y Jgd 3 eslinul 5550 (la,les

5 o dS 1T Jist b S ) (glaoisS (o
LS o Bl OWLE daw 5 5 i )3 soge SHBJ shw 0550
s8es 5 di, s 5 (Hossain et al., 2022)
LS Ly Gl ol e 53 15 0L Gl (lass
oo 21 3L s (Vermaetal., 2022) das s 21531

Table 2. Mean squares of morphological traits in moldavian balm

S0V df Freshweight Dry weight

Number of lateral

Leaf area Total soluble

branches solids
Tria 2 1094.61 ns 9.12 ns 1751 18343.7" 23.12
Snp 2 1432.2" 45.99*" 12.18" 8045.1ns 2.24 s
TxS 4 14595 ns 11.50 s 981" 35165.6" 8.01ns
Error 16 368.6 5.63 2.04 486.8 24.30

ns, * and ** shows non significant, significant at 1 and 5 % probability levels based on the Duncan’s
multiple range test, respectively. Abbreviations: Triacontanol (Tria), sodium nitroprusside (SNP)
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Figure 1. The effect of different concentrations of triacontanol and sodium nitroprusside on the
number of lateral brances of Moldavian balm plant
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Table 3. Mean squares of biochemical traits in moldavian balm

SYOAYS df Protein Flavonoid Total Essential oil Essential oil
content content phenol percentage yield
Tria 2 70.89 * 0.88 s 14.49 ns 0.794 s 291.02 ™
Snp 2 41.19™ 6.32* 63.75 ™ 2.254 1233.17*
TxS 4 78.63 ™ 2.56 ** 50.75 ™ 0.444 s 22414
Error 16 15.56 0.90 9.37 0.518 29.64

ns, * and ** shows non significant, significant at 1 and 5 % probability levels based on the Duncan’s
multiple range test, respectively. Abbreviations: Triacontanol (Tria), Sodium nitroprusside (SNP)

BSNP1 m@SNP2 ESNP3

~ 6 ~~
_ . :
z z
o 4 o
(=] (@)
E 3 E
= =
S 2 2
z 2
: 2
o [

0 ' P

0 05 1

B Concentrations of Tria(mM) A

40 . ESNP1 BSNP2 ®SNP3

0 05 1
Concentrations of Tria (mM)

Figure 5. The mutual effect of different concentrations of triacontanol and sodium nitroprusside on
the flavonoid (B) and phenol concentration (A) of leaf tissue
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Figure 6. Interaction effect of different concentrations of triacontanol and sodium nitroprusside on
protein concentration of leaf tissue.
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Figure 7. The mutual effect of different
concentrations of triacontanol and sodium
nitroprusside on the essential oil percentage of

Moldavian balm.
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Table 4. Mean squares of macro element contents in Moldavian balm

Nitrogen Phosphorus Potassium Sodium
YOAY df
content content content content
Tria 2 15471 0.001ns 676.49 ™" 0.053 **
Snp 2 32711 0.171 ™ 525.71 ™ 0.000 s
TxS 4 13443 0.086 ** 805.29 ** 0.037 "
Error 16 3.88 0.024 39.83 0.002

ns, * and ** shows non significant, significant at 1 and 5 % probability levels based on the Duncan’s
multiple range test, respectively. Abbreviations: Triacontanol (Tria), sodium nitroprusside (SNP)
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Figure 9. The mutual effect of different concentrations of triacontanol andsodium nitroprusside onthe macro

elements of Moldavian balm leaf tissue
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