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Extended Abstract

Background and purpose:

Water shortage is one of the most important environmental factors that may reduce the growth and yield of
many agricultural crops. Silicon, as the second most abundant element in the earth's crust, plays a vital role
in resisting biotic and abiotic stresses in plants. Considering the increasing problems of water scarcity in Iran
and the need to know about drought tolerant plants and the treatments to help increase this tolerance, this
research aimed to study the effect of silicon on vyield, morpho-physiological, and phytochemical
characteristics of hyssop (Hyssopus officinalis) under irrigation regimes in a pot experiment in the Gorgan
University of Agricultural Sciences and Natural Resources, Gorgan, Iran.

Methodology:

A factorial experiment was conducted in a randomized complete block design with three replications (each
replication included two pots). Drought stress levels included: [(D1) 100% field capacity (FC), (D2) 75%
FC, (D3) 50% FC, and (D4) 25% FC)] during three months. Different silicon levels of [(S1) zero (control),
(S2) 0.75, (S3) 1.5, and (S4) 2.25 mg/liter] were also sprayed four times, once every three weeks. At full
flowering stage, the tested traits including root and shoot length, fresh and dry weight of root and shoot, leaf
area, chlorophyll and carotenoid content, total phenol, total flavonoid, antioxidant activity, percentage of
essential oil were evaluated.

Results:

The results showed that different irrigation regimes had a significant effect on all the measured traits except
aerial weight and internode length. So, drought stress decreased the fresh and dry weight of the root, the leaf
area, and the number of branches. Whereas, drought stress increased the amount of total phenol and the
percentage of essential oil. Also, the silicon effects were significant on all the measured traits except the
number of flowers. Increasing the silicon concentration caused an increase in the plant leaf area and the
essential oil percentage.

Conclusion:

Increasing the concentration of silicon in foliar spraying caused an increase in the yield components of the
hyssop plant under water stress conditions. At the same time, this treatment was able to increase the
production of plant secondary metabolites, including total phenolic compounds, flavonoids, essential oil
percentage, and as a result, increase the percentage of free radical inhibition. These results indicate the
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improving effects of silicon on hyssop performance as a medicinal plant under drought stress conditions.
According to the result, the concentration of silicon was 1.5 mg/liter was most effective.
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Table 1. The results of soil analysis used in a pot experiment

Acidity  Soil salinity  saturation TNV N oCY Phosphorus potassium Clay Silt Sand Soil
pH EC*10ds/m. % % % ° (Pava) ppm (Kava)ppm % % % testure
7.74 1.062 36.42 27 011 10 11.9 191 6 42 52 L-S
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Table 2. Analysis of variance of the effect of silicon and drought stress on morpho-physiological traits of Hyssopus

officinalis
Sov. df MS

Plant Root fresh Root dry Internode Nomber Root Shoot Leaf

Biomes weight weight lenght of Branch lenght height area

Replication 2 0.0125 0.001 0.110 0.16 0.39 3.66 6.77 0.059
Irrigation (I) 3 6.770%* 3.6%* 1.339** 0.109 31.4%%  14.42%%  2315%%  0.95%*
Silicon (S) 3 3.813%* 0.37** 0.644* 0.69* 13.57** 9.06* 145.72** 0.9**
Ix S 9 4.783** 0.94** 0.123* 0.706** 14.09** 16.32** 123.44** 0.184*

Error 30 0.022 0.021 0.111 0.23 1.66 2.19 5.94 0.09
CV% 3.677 7.45 25.44 22.65 16.32 12.49 7.58 24.84

*and ** significant at 5 and 1% probability level, respectively.
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Table 2. Analysis of variance of the effect of silicon and drought stress phytochemical traits of Hyssopus officinalis

Sov. df MS

Antioxidant Total Total Essential oil

activity flavonoid Phenol percentage

Replication 2 0.64 5.145 0.592 0.019
Irrigation (1) 3 301.107** 255.373%* 161.416** 0.835%*
Silicon (S) 3 309.995** 187.596** 228.389** 0.313%**
Ix S 9 101.767** 79.097%** 413.186** 1.147**
Error 30 0.800 20.380 1.072 0.0076
CV% 3.01 22.919 1.915 7.706

*and ** significant at 5 and 1% probability level, respectively.
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Figure 1. Mean of interaction of drought stress and silicon on root dry and fresh weight

Means with the similar alphabet do not have a significant difference at

the 5% probability level.
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Means with the similar alphabet do not have a significant difference at

the 5% probability level.
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the 5% probability level.

o OS5 sk (Il (Sas e oS
eVl olyen OS5 68 ol S 1 el
Ol o a2 3 5038 Jas el S2iSly ok
Npde Bagd Gomlanasly Sl gl 5 Jole slalas
Jds IS lgma 28 Julse 51 .(Chang et al., 2001)
sbas Wy (e 2 L pblE anlse K s
s Lo gselans o ol oS RSl

2o 0 Jlas| Cla.w 53 Sl gme BVl S i B slyls \_;Usu.i..\.w

IRy

A1 os S0l sl sy slaesls 4y ax 5l 1 S s
o gme a0 3 S cﬁw 03 S BT (.....J.w Jolize
V) Jsds clw oYL Seosba (V Jsas) sy
a0y YO Sas as 5 (Sas )5 ¢ 8 5 p Sk
(5 J5e) sl cwsay ke 093 o 5 2l Cud b
Gl Gl B 50 b 8 3 oli g ) s
SaeSl sl byl dassl el Jss b s



VYo

S w4 (Dracooephalum moldivica)
| S O S SN W S R A
oee» > .(Gorgini shabankareh et al., 2015) s $
Thymus ) ozl oUS 5, Koo stpss oo il
ol Gl o)y (Sas e )31 L (vulgar
oS caS Ll cel Luled alpl ) uS sl
.(Gorgini shabankareh et al., 2018) ,\ﬁojf dols
Cannabis) alals g5, elie Gdos ;0 oo
g5 ol s Srs Haa Sgsn sbe i s (sativa

Ot st 3 A i 5 03 S Ay Ko e
R PR PO WP L ML W SIS U PSR
2 4 dlsie b Sas ol 5l Seosk 4 .cil
S ey cenlin S350 0T 5 2138 slpe 03 e s
Sl oo ole 5 0dg 00y Sew ady; g 4 Sl
olls Slp oo 5 el ole 5 sl Julss

.(Beheshti and Khorasaninejad, 2023) > sa o, Ll

Total Phenolic Content
QOControl ®S1=0.75 m™S2=15 [{S3=2.25mg/l Silicon

80 - a a
70 =
60
50
40

30 A

mg GAE/g DW

20 A

10

0 4

FC100% FC75% FC50% FC25%

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

sl Slles (Zhuetal., 2012) el Ly IS oy so
G SlS 5 e s don e Julse &5 el
ol oo e 3 B e oS 51 o) o las
Ll a Sy Jelse asle alise Jolgea ol o atie)
SIS Lle s Gladn bt dexr 5 e
A 5 a8 S sl sbanls om0 S o)Ll
oz )l semy Sl J OLS 5 ol 5 o
s M Sl o caby ol s odees Ol
03 Sas i olhe Lwlsl L (Jakopic et al., 2009)
ol S S ol e (Portulacaoleracea) x> oS
o Bl b elS Sl ep pmlBl S cdl
Mozaffari et al., 2017) > 5 oo o g
o 5 (S a5 UL bl s ulid ws s
b Sas pa ol 3L sl gl s puld wo s
P o W A S P RUN S R W RaE CIM
woed ol o)l oS 65, alia SR o (F JS)

Essential oil %
BControl ®S1=0.75 =S2=15 ™S3=2.25mg/l Silicon

1.8 -
a a a
16 1 - - ]
L4 | = o oD
1o S 1 f B
o 1.0 1 ::: ::::
(=2 ] [T
= 0.8 - [ e}
% 0.6 - ef = Tam
a :
0.4 - *
:
0.2 1 :
FC100% FC75% FC50% FC25%

G55 oS L3 puilal a5 JS U8 Oliee 1 e 5 S5 Jilie i1 (5800 syl -5 JSC2

Figure 6. Mean of interaction of drought and silicon on total phenol and essential oil percent in Hyssopus officinalis

Means with the similar alphabet do not have a significant difference at

the 5% probability level.
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