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Abstract

Introduction: Salinity stress reduces the yield of agricultural products. Water or soil salinity is
caused by the increase in the concentration of soluble salts and minerals in water and soil, which
leads to the accumulation of salt in the root area, to the extent that it prevents water absorption and
optimal plant growth. In general, tolerance to salinity is important during all stages of plant growth.
Seed germination is the first stage of plant growth. Salinity stress reduces the percentage and rate
of seed germination and also seedling growth. Crop yield is quantitatively and qualitatively
dependent on the percentage, rate and uniformity of seed germination and also seedling growth. In
recent years, a lot of attention has been paid to silicon due to its effect in reducing plant damage
against some environmental stresses (such as drought, heat, heavy metals, salinity, and etc.). The
studies show that silicon protects the plant against environmental stresses by stimulating growth
and increasing the antioxidant enzymes activity. It has also been reported that the silicon is
effective in increasing the chlorophyll content, stomatal conductance, photosynthesis rate and the
resistance of plants under stressful conditions. Silicon increases the plant tolerance to the salinity
by improving photosynthetic activity, increasing the relative selection of K*/Na®, increasing the
soluble substances in the xylem, reducing sodium absorption, and mechanical protection against the
toxicity of elements. Therefore, a research was carried out with the aim of investigating the effect
of the silicon in increasing tolerance to salinity stress in camellia seedlings.

Materials and Methods: A laboratory experiment was carried out in 2021 at Campus of
Agriculture and Natural Resources, Razi University, Kermanshah, Iran. The experiment laid out as
a factorial based on a completely randomized design with three replications. The factors were
camelina genotypes (Sohail cultivar and Line-84), salinity (four levels 0, -3, -6 and -9 bar) and
silicon (five levels of 0, 2, 4, 6 and 8 mM). Salinity stress levels were prepared by different
amounts of sodium chloride (NaCl) salt. Silicon factor levels were also prepared by different
concentrations of sodium silicate (Na,SiOs). The experiment consisted of 120 petri dishes. Data
analysis was done with MSTATC and SAS statistical software. Means were compared using
Duncan's multiple range test (P<0.05). Excel software was used to draw figures.

® © 2023 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed under
@ the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0), which permits
BY

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



22
Agricultural Engineering (Scientific Journal of Agriculture), 46 (1), Spring, 2023

Results and Discussion: The results showed that with the increase in salinity intensity, the growth
characteristics and the amount of soluble proteins of camellia seedlings decreased, but the activity
of catalase, peroxidase and superoxide dismutase enzymes and the amount of malondialdehyde
increased. The lowest activity of catalase was observed under non-salinity conditions (control). But
the highest activity of catalase enzyme (104.4 uM/min. mg protein) belonged to the treatment of -9
bar salinity. The use of silicon increased the seedling growth, the amount of soluble proteins, the
activity of antioxidant enzymes, and the amount of malondialdehyde in camelina seedlings. The
highest germination rate (23.97 seeds/day) was obtained in the treatment of 8 mM silicon. With the
increase in silicon concentration, the amount of soluble proteins increased, so that in the 2, 4, 6 and
8 mM treatments, compared to the control treatment, the amount of soluble protein increased by 4,
8, 10.75 and 10.9%, respectively. By increasing the concentration of silicon, the activity rate of
catalase enzyme increased. The highest activity rate of peroxidase enzyme (35.38 pM/min. mg
protein) was observed in 8 mM silicon, which was significantly different from other treatments.
The lowest activity of peroxidase was related to the control treatment. Line-84 had 8.65% higher
activity rate of superoxide dismutase than the Sohail cultivar. With increasing salinity stress and
silicon concentration, the activity rate of superoxide dismutase increased. On average, in the
treatments of 2, 4, 6 and 8 mM silicon, the activity rate of superoxide dismutase was increased 11,
27, 44 and 57%, respectively, compared to the control (without silicon). The highest amount of
malondialdehyde (44.42 uM/g fresh weight) was observed in the treatment of 8 mM silicon.
Conclusion: The results of this experiment showed that the application of silicon, by increasing the
activity of antioxidant enzymes, reduced the oxidative damage caused by reactive oxygen species
and thus protected camellia seedlings against salt stress. In general, it seems that the use of silicon
has been effective in reducing the adverse effects of salinity stress on growth and biochemical
characteristics of camelina seedlings.
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4- Seedling vigor index
5- Trichloroacetic acid
6- Thiobarbituric acid

IS 4 e s b 03l Db s a4
SIF Sl amys Y)Y gl s o el Jame
5 Sl Csle Ay olby, Sl V8 5 Gay/ed)
Lkt 61385 555 03 Sk 4 heoys Fr o ubs
Ssse3 3 alisy habaen) al e slasds Aokl .(VY)
o 53 03l & 4 sz s S Slosl i
) s 8 5 s 5l S5alr slme Olgte &
ol oS 05y 3,57, Cgr 0sT ol o
ar s Ve gles b osT 53 Cele YF Sos 4 LaaealS
S35 L 5> Gl b e B 15 8IS
OV s 5808 /0

03} Sl o,y sluw a3, iled b uoven
3ok an b ki Sidle besl I Sy
LD aalows 5 S 4 el

035 4l bk il (GP) ' 5 sl ds s
Ry g bl 5as 03 53 e Sl )3 4l gy Do) s 4
STERERESTHPL SELSEIERE NS ECSEHE
OF) ds 3 8 k5 s (as) 5T
= (o34 g2 (sla,ds slias / Waydy S shass) x Ve (V)
Sl Loy

(1) dslae 3 eslizal L (GR) ' 55wl Co
330 53 035 Al i SUS (55 Wl o e
(s Gl Copw GR daly opl 53 .(10) dd aloes
slaay ol Ti Gy o 53 055 4l 5oy slaws N
b e Ele3T s 5l el (g e

GR=Y (N;/T) 1)

sl MTG) T 55 6l sl 05Y 0l Jan s
() dslae 31 G5 @l Sl p‘Y Ol v g s
oY Ol Lows g MTG oty opl 53 .(V8) i oslizal

431}? jj)D)) 66});\{ sl N ‘6’) 43‘}? Ls‘_)'i

1- Germination percentage
2- Germination rate
3- Mean time to germination
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Table (1) Analysis of variance (mean squares) of the effects of genotype, salinity and silicon in terms of
the seed germination and seedling characteristics in camelina.
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ns, * and **: non- significant, significant at the 5 and 1% level of probability, respectively.
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Figure (1) Mean comparison of salinity x camelina genotype interaction in terms of seed germination
percentage (P<0.05)
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Figure (3) Mean comparison of salinity x

camelina genotype interaction in terms of
mean time to seed germination (P<0.05)
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Figure (2) Mean comparison of salinity x
silicon interaction in terms of seed germination
percentage in camelina (P<0.05)

Loge 0 ol g S0l alie

opl e 5 e oS sl Ol g4l e (ol (,,'\{ Ole
odalie YAD Sldis 4 (0SSl O9) dals b 43 Cdeo
Moo A s & bgy o o2 Lo oyl s &U?Vf..\;
12 03Y Olej o st €0 Sibw Sl 2131 3 5 0 Sk
PP Y lales 53 Kl ) sbantil [Ea Ld 34l
(O Shor 03 A8ls Jlag & Cond 05Kk SV g0 o A
YA VA SRV RN T PR U S PH P (‘ﬂ Ol Jow g2
Ly OTods S1(F JS8) Sl el as s 9790
3,8 oo G4 & Sl b 5 258 B s
el AT 4 5o s 53 S5l (ST gbe (slac b
Oloj Soke g dorady ) g 7 Ol Dok e )3 (A ol o
3 A8 gloyde (YA) b e Bl byl 05 4l
05 Gsh Dds LBIHIL S LS 38 () ol Ken
AP 3l sl Y Olej o Sike 253 Ol oS
S 855 Gl F ) ToKen 5 adm (M) Al e
o 5 oS 53 NV ga e 53 5 6K Sl b O S 5 e
S5l doys Vga e YO ()55 5 dals Jlag 55 3

)sls 2511,

1- Alirezaei Nagander et al.
2- Haghighi et al.



Yy

sk S S 5555 5 05Sh SB 0L 5 55 5e

33 (YA) UL 5315 i O pman  liies Laus 5 (5 55
oS 5y ) 0 Ken 5 oD ¢l ol g 5l oS
2OV ool a5 5Tl e
o Sen 5 Kol .l ok 38w gl o) olS (s,
(g imas s V) (S5 55 4S s S )15 (FA)
Jsb s amaiy; dsb (il Ao s (3l o
(1) 515 S2alS 1 kel olS s ax-aila

L Laasls il s 4 o8 gl il 4y et ls
Jolize 315 0 Sk (555 (P0.01) yls gne 3T oias
Bl 1 S0e aglin s (1 ko) 353 0 S X 5555
52 S s (a5t o8 50 0L 0 Sk X553
S O9n) el e 53 O Sk Y gn o A gl
a patls 5 S A edalia PRP/F e & (5555
33 038Gk 09 9 56— ()55 Jlad & by o o aalS
57 P Y 08k slazlale 55 k-4 (6) 58 slajles L S
NS Do Rl LB (6l me SVl HY e L A
2348 skl ralS aealS an e i )5t
oS an astlh (5 4 b4 58 Y () 5d slasles
Clale 20531 L s (3L 2aST Ao y3 AT 5 SA Y
ol b 4> 5 walS ay asls B O S
Dlad 4 058 S gn o A 57 P oY (gla sl )
i o apalS s e (08U Jslos 09) dals
sl e (A JS8) Sl sl dops 18 510X OF O F
Old IR LaS s S 58 () oL Kes 5 s
Sopb 423l 2l walS an et ls Olw ) 53 (555
Ol MRe 505 5 p S e iS55 sl Ols 5o S
sa ea Yoo 5 (FUAY) oo (6558 50 i j 4 Ll
) s )£ (YA9)

2- Nigella sativa

3- Salami et al.

4- Valeriana officinalis

5- Cuminum cyminum

6- Zehtab-Salmasi et al.
7- Matricaria chamomilla
8- Huang et al.

LdolS  (pltyoy IS 5 oy JS7 20 50 570 5 F Y o)
Lol 5 4 G (sl smn oy (5555 Sl 3147 als 0L
oS ol 53 S50 Lo g 5 Ay AN o 5 e
()

"l e 51 0 S b 80 i
055k o 93 (G381 L o 0 5 e o5 000 0L 4
Sl b gl gne (oDt 487 L okalis (YY/AY) Y 5o Lo A
S8 L g M g 508 LI (YIVY ) )Y g0 e 7
Sl Lo g YV/OF jlide 4 dals jles 4 by o o
23 S0 5 3b a3 B G54l e 1 S
el jles & s 0385 ;¥ g0 o A 57 F Y (gl las
YIND 55 % 59 (351 s (0 Sk I loms 051)
5 S5 8 JS8) Sl a8 a3 VW 5 ) (VYD
oLS 55 0SS U3 me a5 L5 S 3 ¥ 0K
o3l sl (g ls sxe b & Momordica charantia L.
SO i e gl 53 (Sl Lo 5 Ao
o) s 5

-34S 5l Ol Lmasls il s 4 25 gl el J o
0 She X (65 58 Jolise 51 5 038U (555 03l (gl
2 elS b o 5 e (1 dsr) 55 (PO.01) s sns
(255 A5 O3) dald jlas 5 ¥ sa o A O Sl J slos
o2 ol Job oy 50875 adalie e Sl FYA ki 4
Gsles Lo 55 0 Sibo 05 0L -4 (6555 Jlas & by o
g hah 57 F X 0 Ss gla Jslos 53 544 ()5
3 AT O el LB I e (9D
RS LIS 5 55 53 ol U g 1 Sk Bl alS”
oL 5-F eV )b Glasles 58S g5k 4. lil
A8l Hlad 4 i Ao 3 A0 508 VY ol b 3 5
0SSl 211 o Ka 55 i er wZ8L 20l
O3) dald Hled & s J¥ g s A 57 F Y (gl jles o
Ao ;388 GAF FA Y 5 an sl J o b (0 5S0hw
s I b amalS b nals” (Y S a5

1- Huang et al.



aid gl

GR (seed/day)
(=]
o

ampal® J o

Yy

\F'\')L@{da)uf‘i-\lq-(‘_;j)}w@l&w)gbjww

ey
[=]
st}

+bebdd] T
etad| o

i

-3 -

=
v
o [ttt bide

3

=]

salinity (bar)

P T
S

S g 51 (8098 T ol (mSlhe duslio (0) KO
(P<0.05) Lykols” yJy (GR) j4ilge
Figure (5) Mean comparison of salinity levels
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in camelina (P<0.05)
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Table (2) Analysis of variance (mean squares) of the effects of genotype, salinity and silicon in terms of
the seedling biochemical characteristics in camelina
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Figure (10) Mean comparison of salinity x camelina genotype interaction in terms of peroxidase
activity (P<0.05)
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Figure (11) Mean comparison of silicon in
terms of peroxidase activity (P<0.05)
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terms of the catalase activity in camelina (P<0.05)
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Figure (15) Mean comparison of salinity x silicon interaction in terms of superoxide dismutase
activity in camelina (P<0.05)
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