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The use of silicon in controlling osmotic stress and its effect on seed germination
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Abstract

Camelina oilseed has a lot of ability to be placed in the cultivation pattern of Iran's drylands. The seed germination and
seedling establishment in dryland agriculture are usually exposed to drought stress. The aim of this study is to investigate
the application effect of silicon concentrations in improving the seed germination characteristics and seedling growth of
camelina under drought-stress conditions. The experiment was conducted as a factorial based on CRD with three
replications at the seed laboratory of Razi University. The factors include camelina genotypes (Sohail and Line-84), drought
stress (0, -3, -6, -9 bar using PEG-6000) and silicon (0, 2, 4, 6 and 8 mM using sodium silicate). According to the results,
increasing the drought stress decreased the seed germination characteristics and the seedling growth. However, germination
percentage, germination rate, seedling length, seedling dry weight, seedling vigor indices and allometric coefficient of
plumule to radicle weight were increased by silicon. To increase the measured traits, silicon 6 and 8 mM were better than
other concentrations. In general, silicon was effective in mitigating the effects of drought stress on the seedling growth of
camelina by improving the seed germination characteristics and seedling growth. Therefore, it seems that the silicon is an
effective factor in such studies and its usability in camelina seed technology and seed coating for dryland areas.

Key words: Germination rate, osmotic stress, sodium silicate, seedling vigor index.
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Table 1- Mean squares of the effects of genotype, drought and silicon on seed germination characteristics and
seedling growth of camelina
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Figure 1- Mean comparison of camelina genotype X drought interaction in terms of seed germination
percentage (A), germination rate (B), seedling dry matter (C) and seedling vigor weight index (D) (P<0.05)
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3.5 b
1\ 3 4 re
.{ 2.5 - c :
S ol S BB
Tl BB B
S ELS ] e b4 b4
5 = 1 * + +
2 7 * * *
3, * * *
Ny 0.5 A * * *
* * *
0 = ‘ T ‘ T ‘ T 1
0 -3 -6 -9
<

Drought (bar)

(P<0.05) Lels” 5y 3561 512 p3Y 0o o o o 51 (it o har 80Ln g e =¥ IS
Figure 3. Mean comparison of drought levels in terms of mean time to seed germination in camelina (P<0.05)

Cs gy SaaX b 55 blize Sl 0w ( S Wosls il s 4 o i Lk (36l S

SOe dslie gl (V) 35 LbalS” S S5 @l A5 o 55 (P0.01) Lls gme 50 sias 0L

\Al



\\c“’}ibﬁ/Y’eJM/“’A&-/Q\x\);\{éjjbjr)l&qfﬁ

dald Hled 4 ol oy Vo SAD CF/D ¥ LS 5w
(Y C JS8) cal il pl gsalsr Co

b ekias Ol b yls 4 o i alS Jb
S5 0S¢ SCist o3l gla j1(P<0.01) Hls sne
gl s (Y gulr) 5 0SSl x (St lize
S sl ot (Stex Sk flaze 1 Kk
O3 5 0 8Skr Yga e A 53 oalS I b o 5
S i odalie e Bl FIYA i a4 S (25
S O Y e # e L eols gme OO
Chle gals ) Sas ol Gl ol Sas
Y lles 53 il sl el sk 0 S
V00 5 ¥\ /00 amald Jsb i 4 4L -4 5-F
23 eemen (3l RalS dald led 4 Caud oo
o 4 Cad 05k SV gn Lo A 5 5P Y lajles
FFNO /0 o 5 4 4malS Jsb O sShw Ol
Job (FA JS2) oL il Ao )3 VY 5 04/80
23 33 gr e 2alS a5l (5 olme aalS
5 alE Jb by Soer (ALE s S 51 6ok
N
YL o Jowily .(Hampton and Tekrony, 1995)
Wl ol (JiSs0 055 b DS 5 S b e s
SV IS0 055 b DS 5 i Sl 53 5b e s 0
dd .(Yamamato et al., 1997) dalS’ o W55 5 b
Fm RIB s 4 el Joily BB L
Fme LS 5 5ol S5 055 L slad S
il Sas 5 5055V S0 055 b LS 5
b o S

OLss ilyls 4 b el 4 Jib e La
A 0SSt (P0.01) Sls gme 5T otins
555 (P0.05) s sme 36 5 0 sSluwx Sas filize
ke eslin (Vo) 35 ol s J b asls
S - WL P S-S Y W - |
O3 5 05k Vn oA s 53 aalS sy J5b

vy

OLSes 5 55500

03 e SPBE S sl ol g:g‘"x%”;fj Jilaze 31
00 ¥+ CVFD i 4 b 4 58 ¥ la sles
Cnd Loz 53 OA 5 FY N s 5w AF- Y js s e s
et 088 alS G58l e e dals LS o
S S50 Lo yls (Sas 55 Ll )
IS sl S (Y BUSE) 55 AP Y
Gl (S A5 4 e bl s e s
B g -V P P c,.;,.»‘_;bb(u,ls‘_;,,b
O Sl S5 e il ) (St L
S Uy s 54y (Leport et al., 1999) &yls s
S 53 S8l Lo O35 St e
T 5 STl b S 4 b e a5
@y Sial e 51 .(Marchner, 1995) c—ul LOT Ld,
Szl 355 plonil o 4y 4yt 5 OT JSs
Goe 3 S sby il Jlezl Sl e 4 amalS
e e T~
235 oo 2T & oy (s e o 5o (S5
S8l Lo A o e 5 BBl 2l
Sl 0T Cilrze 5 OT Ol als” .;:Jf@).'\.:
g T 54 by e 5T glacollas
Lyl i s 34l Loy SalS Lol e ¢ S5al
C s 5> (Malik er al., 1986) &l Sis S
s 0 o5 U ezl glacan T S 2 oY
A2 Y 51 (S Ll b 5T (gt 4 Olazst
.(Bradford et al., 1995) 42l Jjal e Co
SV NP NV NS W
o p e S sl O i L G4 gl e
S YO/FA e ) O 5Shw JY ge o A 55 Sl s
7 ol b gyl sme OVl 45T a b odal i (G 50
s J‘J:{.S Wil Gy o 5 YO/ A) YN e e
Yr/wvjlmg)&u)ugqbﬁfrau),) 4l
S8 o a3l sl O3S 3 Gy 53
e doA 37 F Y Glachle 548 gy o s



AAEA S IVA S\ N-TA Ala-/b\,:l).lfks‘)jtéjr)b‘u“fu

0)5 e alm Jsb camaty ) d b (58l o
S hagy 5oLl Al arale g arad,, cSas
43 g0d Jlasl LS 5 (555 1) ol 25 7 o
SV 1 Sl Al e 53 (Sis 4 Jas b
Hosseini ) .45 S 3 s (5L =V/0 Jslxe) J\i_wbwlie
De and Kar, ) ;S 4 > .(Sanehkoori et al., 2021
e (Sas Ll s L3 S 0l il olS 53 (1995
OB Jhe Ay 5 s sk 53 S ol Gl
05 e S S DS 5 Ll Bl Sl
e b oo BB oo J o)l OIS
Sl L S sl ol o Sl ax St S Kl
Wbl amalS ¢St 03 0 S Clale
o alS St 055 (B DA s L s
55 aealS ¢St O3y e op 5 e 8L talS
Seis 25 Og anl b 55 0 Shew Y g0 A A Lo
(FC JSK8) i salie (o S VVF ltie )
sls 0L il ols 4 eoalS S5y e La
Bl 1y Sist 55 5 05w 0l Ol 1 oS
Jelize 15 (P<0.01) S i x 080w
an o erls »(P0.05) Sis iixoss)
ol e o 5t () Jade) B ls sas 4zl
4 03k SY g en A J s 5 Aals o 5o el
(S 5 DA Gl LT S s 4 WVl
RIAL U S Iy el ealS w5 e Lt
53 (FD JS8) Sl Ll 3l s ol 60 Sk i
5 Ll b 53 b olE 55 sl an 2alS (tagh
4w lis (Vieira etal., 1992) Col ok 3,15 Sist
S sl Ot gl X (St i blize 1 Sk
— oY s e 035 0 palS 4 55 el o 5 e
Sl s sdalie  Sist 55 05 sles H3AF
alS a5 par Ll (o 55 53 03 A Duld
CotS shyls slayds (0D JSs) col rals

\as

w2 OT BE 5 jml 25 SRS 53058 3 208

Ol oS i ataltis (FYF/F jliie ) St 5
S Oad X 0SSV e ke B la S L (6l e
4 by enan Job jasli oy 508 il i
Sk b 0SSk 05 5 L8 (Sas s
b4 edl el el an b jasla (S
i 4 b4 Fer S gl sl s o SKbe
S Ao 3 AF SOF VF/FD el an Job e ls
b e L O S CLE 1 I L imas (3L
¥ Slaslagd 53 Ko g 4 Bl I3 el
ol als Hles 4 s O3S Y g0 LA 58 oF
A¥ 5 SAN OVIAD VXD Cus i 4 amalS an Job
el an e L s (FB S a) Sib bl v s
CdS ar Sl Hd Gl il 5 Ao 55 3 pme
oy gelh g Sl B Soaler dens il Sl od
4. .(Azad and Toubeh, 2000) 4l o 2al8 walS
ST 65y p G 3 (Seyed ahmadi,. 2013) (guke!
Sl 31 s 4l s gdwo s ¥ talS
OLSar 5 (o3,lke Cpamman 3 S uﬁj\)‘f Iy s
A5 o aealS a2l (Atarodi et al., 2012)
s gas Sy (S
313 0Lt il 4 s oS oSt 3
dolize 15 0SS o St ool sla 1 aS
N3 sine amealE oS i 055 (6 2 O Sbx St
G35 9 o SESXCS §5 S pmman L 5 (P<0.01)
awglin (Vs ) 35 (PO.05) Lls sns Ciao oy
035 02F b o8 o1 0Ly (Stsx i 55 51 S
(55 03 (St A Oay Jal b s amalS oS
A odalie (r,f\/w Sie 4 55 @) AF- Y 5 fg
S et 4 by e b 4l St 0 S5eS
S 3 (p 8 DY Hlie &) g 35 3 5L -4
JK8) L3l j2als sl S oSCast 05 s o iy
ol ;s (Kafi ef al ,. 2005) O, K 5 35 .0 C

(il Ay (O il JalS L &S Ws S



VY 5ol /¥ el VY A/ Ol o (655 5 pske 4 20 ALK 5 650

A B
500 - - - -
54 B0 E-3 @-6 B-9 . ab IO.3D6ES; a
a
E B 3 T -
E 4 - 1 400
= a8 — |
3% 3 3 300
Y. 2 3
3" @ 2 v, 200
g 1 100 -
0 o |
0 2 4 6 8 0 2 4 6 8
0 Sk oSl
silicon (mM) silicon (mM)
¢ D
-3 @-6 2-9
2 A B0 D@-3ME-6B8-9 a 2 - HO m-3 O-6 =
2
] 315
i : 3y
= e 3E
Y 1
v £ M I %
¢ g o Y os
3 M [
2 M
- 0
0 2 4 6 8
0 2 4 6 8
08k u,iw
silicon (mM) silicon (mM)
E
6 1 B0 W3 06 B-9
5 °
VE 4 f
> g ,'
5 5 3 5_
L5 VE
¥oE 2 ’E
= VE
/=
0 4=

silicon (mM)

a5l (C) ol 8t 055 (B) amalS 4y Jub et Lo o(A) aalS Usb i 51050k x (STt e 31 o Kilke amglin -F IS
(P<0.05) Lubols” ;3 (B) &K 2 fT s i 5 (D) sl 4 G55
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length index, SVLI (B), seedling dry weight (C), seedling vigor weight index (D) and allometric coefficient
(E) in camelna (P<0.05)
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