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Background and objectives: Salinity stress is one of the environmental
stresses and restricts growth and production, the intensification of which in
recent years has led to a significant reduction in yield in plants. About 20%
of the total irrigated land in Iran (about 33 million hectares) is saline land. In
Iran, about 7 million hectares of agricultural land have different degrees of
salinity, which is likely to increase due to unfavorable factors such as poor
drainage, evapotranspiration and improper use of groundwater resources.
The first effects of salinity in plants are osmotic stress. Silicon is the second
most abundant mineral compound on Earth, and its positive effects on plant
tolerance to environmental stresses have been identified. Silica uptake by
plants under salinity stress increases H + -ATPase and H + -Ppase activity in
plasma membranes and tonoplasts, resulting in decreased sodium uptake and
increased potassium uptake and altered ion division in roots and leaves of
Plants. Therefore, this study was conducted to investigate the effects of
silicon spraying on physiological traits of basil as an important medicinal
and food plant under salinity stress.

Materials and methods: This experiment was performed as a factorial in a
completely randomized design with 4 replications in potting conditions in
Behbahan city of Khouzestan province in 2021. The first factor was salinity
stress (zero and 150 mmol) and the second factor was silicon spraying (zero
and 2 g / 1), which was considered in accordance with the manufacturer's
recommendation. In this experiment, traits such as quantum yield, number of
chlorophyll meters (SPAD), chlorophyll a, chlorophyll b, carotenoids, total
chlorophyill, soluble sugar and soluble protein in basil were measured.

Results: Evaluation of the data showed that salinity stress reduced quantum
yield, number of chlorophyll meters (SPAD), chlorophyll b, carotenoids,
total chlorophyll, soluble sugar and soluble protein. The results of the
present study also showed that silicon spraying, especially under salinity
stress conditions, increased quantum yield, number of chlorophyll meters
(SPAD), chlorophyll a, soluble sugar and soluble protein. At 150 mM
salinity stress, the effect of silicon spraying compared to non- spraying on
improving the effects of salinity stress on some traits such as quantum yield
and soluble sugar was higher, so that the mentioned traits increased by 0.95
and 36. 49 percent, respectively. The interaction of salinity and silicon
spraying showed that non-stress irrigation of salinity and silicon spraying
increased soluble sugar and soluble basil protein.

Conclusion: The results of this experiment showed the beneficial effects of
silicon spraying under salinity stress. The beneficial effects of silicon appear
to be more pronounced when the plant is exposed to salinity stress, although
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this benefit also exists under favorable conditions.

Cite this article: Ebrahim F. 2022. Study of physiological and biochemical responses of basil (Ocimum
basilicum) to silicon spraying under salinity stress. Crop Production Journal, 15(3), 123-136.

© The Author(s). DOI: 10.22069/EJCP.2022.19571.2459

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

g3



133 b s Sl

Yo AYrax: sle LLS
Yo A-YEF 1 g 1T LY

N

AA

Oy SO ot g el p gl anid

C
\?\\
1C N\
Cel
Ce

Py

&

(Ocimum basilicum) b y (lboaian 9 S 39982 380 GG (o)

S99 o Ll g 30 &g (Sl gloo 4

I 2l

ebrahim_710@yah00.com:«LL1, ol 1 ol <Ol (o) VIl xR carly psle sdS2Sls (i3 os S )

A-L&:' AjLiACJLGw‘
53 0T LA oS e 55 5 Ay ediSasdoms 5 aoms (cba 25 51 SO (g5 A5 1de g bl s g5

Slagees IS 5l days Yo ssde ol odis S OLS s }Jg.o&]jv.«w."' Sl el ol
S Oaben Vs s Ol ) 55 e e BSKET 5 slacas L QU O ks YY 5505 ) Ol ) 55
oS Kile opllaal Jalge s 4 oS dres (g pb ilsee Sl lols g555LES sl e
sl s s O Gl Jlezsl e 5 qujl Gy ol 5 G,m 5 ek el
Sl oS 53 @w%jwjgw.wi Syl 15 3l QLS s gy pd il S
OLS Jav 5 oo sl 0 jastis Jams (sla 205 4 OWLS Jam 55 0T e il 5|
Mg 5 ey glie )5 H+-Ppase 5 H+-ATPase s 21530 el (5,55 5 Cos
s lain) 53 Lalsm gl ki 5 el e GBI 5 e Dl 208 O s o 3580
Slio 1 OS2 ple DI s Ba b Gl el s Sl QLS G S

el (g5 B Bl 3 e ol 5 a0l olS K Ol Ol olS (G55

Ll s 53 5SS 8 L (aslas Sl b B s ) sSU S pe 4 T ol e g sl
G i Jal Joale i Ul VEer Jle s Ol g Ol Olgege Ol g 53 SIS 28
L Gilae o555 (50 0 5 Y 5 j0) 05 (3ldslons 50 Jale 5 (Ve hn V00 5 J20)
s ol 3, Shes Asile Sl ShLesT nl s s @ S s el S8 gy
53 skme S 5 dsbee L3 (S L35 1S A5 S b J3s S @ Jds 1S (SPAD) e fids AS

A (Sl Ol oS

s A e (sl S s, Shes S Eel (g8 25 S sl Ol Waesls ow )y s tlaaddly
@S e A e (255 s J e A3 (IS 85 IS 355508 b 35 IS (SPAD)
Sl el (o S a3 s w05 BL sl o 5 O 51 S sl e
o o3 At e s 5 Jslee L3 @ L35 IS (SPAD) e L35 IS sde a5l S 5 Shes
Slio S S 2 Sord G5 S s 53 05Sche il sk U OV se s Vo (5550
G e S Slio (Ll el &S o5k 4 s St e 35 e s3I S 5 Slas L
058k 3L sl 5 (5058 blize 515 8 (2L lowe pde o s o3 YVER 5 4/30 Ol

s = ole JalS dlie

VEv e/ oMV E sl s '@)U

VOV YA s el
VAN s E iy

(SIS slaells
Jslee 555

S

S5 5 6'~‘°°}:<5)
Jslows 43

VYo


mailto:ebrahim_710@yahoo.com

s 5 Jadome B 35l Eol 080w 3L sk 5 )58 L35 O okl &S sl oL
A Ol Jshome

o 5 Jasl 5 53 05w (3L shoe e g Dl (godtuns Ol (a3 ol s 1 S 4ot
S g O 5Shes dod pw SlH 0,8 13 60 15 5 e 53 olS a8 Sleg Ay e 4y

3513 35y 5 (G gl (o sllas .lal\fiﬁ&u"u;jf\ e

Ll 55 080 30 e 4 (Ocimum basilicum) Ol obacd s 5 (S05505 5 Glageal (s (V801) . S coal ol sl
MYV ) V0 (ol OlalS )y aloes (5 55 o5

DOI: 10.22069/EJCP.2022.19571.2459
@ ) 8 © U S b e 5 (53558 o5k oSl 250

NC

"



S o [ e bonmions 9 (S959092 348 (S Fwly (o

S Slie 05k (AL e DL
2 e 2B 5 2l oS S Ol gie 4 Ol olS

ol Gy 25 Tyl

99, 9 3190

OIS 55 Ol oS slajdy (hbesl cnl s
20 alg 3 8 s 8 S g w (Sl
Oy a ilasl oy sy LS Y 0lS
IS 8L el LS b B s )55
L ot sles Jols (ilesl sla, 556 o plon]
5 OVeba V0r 5 i) mlaw 53 55 NaCl S
St—e s L Gildas 8 05k 555 b (A gl
Vs o) s 3 50558 ESL ) s
SrlmS L oIS s sl sy (1) 53 e S
S Sl 5 SL S Sleslinal L S A /Y
b S el (V1 )
r 53 ) 1D g 355 Ly o34 e e
Sl S eniS Ol 5o sl sl OlulS
QS o s 6 ¥ w dazalS Sl il 5 0534l 5
Db 5 LaazalS Ul 3l s L Lud esls tals
) O 355 L i ome (i saS
ol 55, ¥ ahols o o a5 (1 20 Y
Sl Gosb slag wia ¥ Do 4 O 5l day 5 A2
L olal @ 0 o sless sils slaolls
A3 S Jlesl ps
oKices L :(FVIFM) g0 55158 5 Shes (5,8 0510
Pocket PEA, Hansatech, Jue) jes,sils oy IS
Instruments Ltd., King’s Lynn, Norfolk,
L.y (FVIFM) s slS 5, Sles (England
22 elS lal . (08) ws g S el oKaus
Lgyosde 5 Adosls J 3 g, 25 35S abioes
ALl oKos g5y 2 (FVIFM) eyl S 5 Shos o

s S bl

wy

EVRU
4 -laze (Ocimum basilicum L.) ol oLS

() e S S bl s 5 Ol o0
Sedd gl il Gl & ol s oS Olow
ST ks msils 20l ol gla S 5 LS,
Aile plagolen Oleys gl p Ol olS il
O s (f) 34 o oslal Jlgul 5 43,
o Dl bl ol oS Ol s sy S
sl ul plde slye od S lans 4 e.,\;bbv*]a Olse
3 B AS ol GLls Ol olS (&) 355 o
3 osr G5 (0) il Ol W]
035 A5 5 Ad,y odiS dydoes 5 ae la
St alS el s Ul 53 O Lats oS
Yo ossd = (1) culeds S 0LalS 5, Sas
YY 35d4>) Ol =l s &__J o 1S 5l Ao
V) deas oo LSS S5 e 1 (OLSKs O 5lie
SousleS Gl Sl DS s Vs s Ol 5l s
Jolse Jdsa &8 s (650 e b5 (g1l
50,8 5 s il (2S5 asle ol
i3l ezl e s o e S5l s g eslinal
OLalS 3 gy ol sl L(A) 05 3525 O
OLS Sias s Sladllae (4) Sl (6 el 25 o]
SENESTV R P J;U Olowyy olS 48 5ls L3S
e D Kl VL slaclale (o (V)
S5 e e (V1)) 350 oSl oo
35 Ol e Ol 5l aS Crl ey 0,8 3 Sdme
Sl ol pasiie ame sla 15 4 OLLS. foss
S o OLalS b e s OT)
H+- s H+-ATPase . Jls il sl Eel (g5
4S 355 o 55 5 pledl glis 5 Ppase
el ol GBI e Dl el 0T e
=l e s Laaiy) 03 blg g kS
asdllas ol ragis 5l Gds (V) cl OblS



V€Y Y D)Lo.n.:} do 0,90 “;ﬁl))‘ ulhl; ..\.3,’94

oAl bl 1) e ¥ i o &S lade o
.,\.i:jfﬁt.p‘ ol ev\:jL»j&.i;'-gfﬂ r; v /Y “
sl by Jools Jgles 51 2 oo 0100 e
s bl Ao 0 bl e ) O )
S Aol ) Jn £ 01 31 ey A2 S 5
s Sl oalizel b sl o3 51 ey 5 6LS1 Ll
AU EAO #se Jsb 3 Sl Ol 20 s 2!
Sl e S eslial b ol sl o3
2 eSS e sl slaas Bl S S
AL oo = e Dol 0555 0lS S
e.l.:..:.l._,w SLGLS _\//\pH ))Y}dd.l.:a 0 v.:.wt.: Slas
Yo e 4 P8 WA C\fd.w‘ LgLAa)La&M.M
Aot gles jyaads o Verer Hoo L aass
Cgr s sl 1l Fai il ol S Sl
D esla ol J)_lz-.a LSLQQJ::S.}J‘.’. U‘j:“ é;o)‘.b‘
g 35533 gs b IS pSs 5 S eIl

OV) s 8

o 5 L il (FF) 818 5 Sl
O s RS e () dsd) Weesls 3Ll
So dbenml a3 albd s mshan 5 (655
N3 ne (FulFm) (oo 52158 5 Sdos Olsn 2 Ao
S 50 0L Lol S oy o Sils alis
s ot 55 > (FlFn) S 5 Shas Ol 5
Bl & s /40 10 ke 24 s
32 Ao OSee ALd s pie 5 (g5 AT
5,80 Ol 5 5 5mgr Eol 05w 3,58 () ISK2)
S G At o A5 Ll s s e slsS

S 534S 348 e olS 53 (el i sbml sl

YA

o olale ot (sl SPAD sds (5851l
a5 JS ol8ais 5 (SPAD sus) S0 Ly IS
CCM- 200 plus, Opti- Sciences Inc, NH., Ju..)
S5, 5 Sig o Scans A5 eslind (USA
o313 5l 5 e fds IS 6 xS 53 olS bS5 Sl
ol e S L esls JLis 1y 6,8 53 5 A
o 45 4l i Slan 6,8 15 e g
sl all sde 5o S bay 1y ae S s elid B g

A Sl s amio G5,
SR EVARTS-r- JETISKSPRUNIE JPFLISIRY
Vo b amn e Oubs 3 (S esl 4
A LS sdgle st 4 o ps A Ol 2 e
Ol Ly g asy g 0550 a0l O sl
03 e 3 obley 1 Je Ve au_l)r.?o-.)up):/v
ag addy j3 5 Ve Ceo o b Sad Sl L
SB odd I o lae AL esls 5l 3 adds Ve Sde
30,8 Jame sladid b4l Sad Sl 5l ol
S o 1 s s A sed Bl gl
Sl b 4l e 5w e gty 1S
o @ by IS gl eyl NV LSL“G}‘ dsb 5o
L5558 Sln U Ve 5D 35 JS ol el
Sloslinnl Ly 5 ds 8 il 3 sy il Lo 5
A D@ gl l by IS Ol o5 s,
S s S eSS wem IS JsSs

10) Al dislses & gad

) adaly
Chl.a = (12.25A663 — 2.79A646)

Y adal,
Chl.b = (21.21A646 — 5.1 A663)

Y el
Car = (1000A470-1.82 Chl.a-85.02Chl.b)/198

4 dal,

ChIT= Chla+ Chlb



S o [ e bonmions 9 (S959092 348 (S Fwly (o

J25 S Ole oSk (Al some 5 (5050 20
b Godasdlis o wii plil U gloe (555
el s 0l il shee Sls pme 5 ke
(Y JS) s by IS Ol (555 = o5
Glao Sy o 0 pSbl (5bd e u_ﬂ(,_i
aibee s (Triticum aestivum) ¢4;§ oLS (g e b
o=l b alin 2ols 0l cansas ol ol
D g s Lkl s (YY) L35 e
Ll as sls OLis (V Jgder) Weesls il ol a0 5o
.Jj_.: )‘JL;'«&A b J.:ﬁ}JJS Q‘).A » M)J Li.i JLA.:?-\
Lyl 5y aS sl olis Slew wi.:l,:a ds Lo
Ll l s 5 0/ D s JS Ol e (5550 5 Ok
oS e S gedasOls &S 5 YIVY (6550 A
5 Lge (Y Jor) 35D J35 08 Olse 2 555
e 50 Ol b (lasdlas 53 (Y)Y 0L Ces
oS bodise 5 SersUT slamalil s —
—— (Pelargonum graveolens) ,lass Slase
o Cems b by IS Ol falS Eol ks
e e R e
b Jds IS Olme 55 b, S84 Jloe als
b sl 55 s Bt 53D 1545 O
cble ie 5 s WIS e 2 e o
543t (ad 53 o 5 Y) abdslows sl w8, B4,
3y 6,503 glacble siyl Slalls s S
COUN PO U FCI N SV U Y U W WS |
SSETh b s IS Olyse gk (5L e
s s s b ldas (Y ) 25 5
DL L.}_M:L.!.J}_LN C"LM CJ‘J_T‘ ‘(\ J}J&) th.)‘.)

"4

O Josb 5 esls ialS 1) Ladsw Of Hlais
ol gl OA) U8 e w020 L Lad sha
(g G i s a STl DL s
S50 So e DO Sk AL sl
() K2 sls 2alS 1 a3l 3 Shas Olgzn Olszn
o=l e LS iBPAD) e fdy IS sue
U s e 4S5l 0L ) i) Laesls
o Jleaml w3 e b JS s B Sl 555
awslie L dls sy (ol e sl Ao s
O O el oS sl Ol Slio e (ks
L ot S Bl 3 5 5t ATA L 6558
S5 by e s IS sie pualie o 50S VTV
b d e e ST Jsdx) disls ol
S bl s of 8 s 4 Sl (S p ks
53 (Y1 8) O 5 (6 el il (6 s 5 oK
Cde b Bl sl oS w3 Slelles
Sl sl s Ll e i IS ke il
08) dosl (i G5 il 53 e s 1S sas
(Vo) OLLSan 5 LS 5 (Yor8) OLKan 5 J
O P S50 e S SRS b
reedS LS slaas S 5 (Paspalum vaginatum)
Glycine soja, Glycine tomentella and Glycine )
et 03 Sos—s e oS Lsls oLis (tabacina
03 Py g e b IS sde Jals Lol
Osse I3l a5 53 (V) Y0 55 00 ol S
o Sy e DA o S s S O
ot plons 48 5ls LS Lty Sl gl ol
Aas e gl e Ol ) (6o 50 B V..H.,,L,w
Lol e @l b il g s g slae 15,
g S () dsdz)a L858 ln Laesls
g ) e 3 sl e 5
Tl S Sl aslis 3y s fas Ao
534S sl QL il slee sk 5 (658 A5



V€Y Y b)w do 0,90 “;ﬁl))‘ ulhl; ..\.3,’94

L Gl (V Jsdmr) @l A3 555,08 Oljes
S 4 (YY) O 5 g Olidss
s,y Lyl chle S5 S nd ) ans ) Ol
e DGR 3 8 V) Srabesl cnl s 0 S

YY) cldls w8 65,8 Olsae

N3 mn L5558 Ol Ao s S bzl o
Ol a8 5l Ol Gl W Kls 4o lie 5
2 3 HAE Gy 5d G Osds il 5s U355
(et (Y Jsd) 39 UVY (ghsd G Ll s
e A 3 sl e b alie 53 3 s

JS s IS 55,5 D s S @ L35I e b5 IS s a8l S s Sas  0pShr ALTghone 5 (555 5 il ases - s
Sl ol 53 Jslome 18552 5 Jsloms A3

Table 1- Analysis of variance for salt stress and spraying silicone effects on quantumy yield, number of chlorophyll
meters, chlorophyll a, chlorophyll b, carotenoid, total chlorophyll, soluble sugar and soluble protein in basil plant.

e oS 5 Shas

eldda S sas eSS BB S D L

S.0V S s byl Quantumy yield Number of Gosses » G osses »
of (F/Er) chlorophyll Chlorophyll a Chlorophyll b
meters (mg/g.fw) (mg/g.fw)
Stress (a) S 1 0.00105™ 7.9806" 0.00094 ™ 17.3638™
Silicon (b) e 1 0.00015"™ 0.0306 " 0.0956 " 24.9100™
X J,,J . *
axb o 1 0.00075 0.6006 ™ 0.2325 1.2814™
O Sk
Error bz 12 0.000064 1.1927 0.0357 0.4989
Sk o 15
CV (%) oy - 1.021 13.68 17.33 14.84
BE

alsl =) Jgde

Table 1- Continued.
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of Carotenoid chlcc))rgpﬁyll Soluble sugars Protein

mg/g.fw mg/g.dw mg/g.fw

(mg/g.fw) (Mmg/g.fw) (mg/g.dw) (mg/g.fw)

Stress (a) S 1 0.0654" 17.62117 120.8460" 0.5205"

Silicon(b) e 1 8.0386" 21.9141™ 604.5943" 0.4556 "
axb O x 25 1 0.4505 " 2.6058" 78.1544" 0.0135
Error sbadl 12 0.84666510 0.5013 8.3936 6.2433
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CV (%) - 19.26 12.09 14.20 25.04
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***and ns are significant at the level 0.05, 0.01 and not significant, respectively.
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Table 2- Mean comparison of main effects of salinity stress and silicon spraying on number of chlorophyll meters,
chlorophyll b and carotenoid in Basil plant.

Sk lS sae b Js i X555,
Treatment B number of G oiseS 2 eSS (5 03525 5 p S
chlorophyll meters Chlorophyll b Carotenoid
(SPAD) (mg/g.fw) (mg/g.fw)
Salt stress Soss =5
(mM) (Y 3n ko)
0 8.68°% 5.80°% 4.84°%
150 7.27° 371° 4712
Spraying Al
(9L e
0 8.02°2 6.00 % 5.48 2
7.93°% 3510 4.06°

I (5l e gl Ao ys iy il e 53 LSD 03T bl s s S xte g gl & oo Sile O a3
Means within each column of each section followed by the same letter are not significantly different at P< 0.05 by

LSD test.
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- 081 - T O Spraying 5., J sl
gg ) 0.8 -
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n 0.79 -
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4, 2 0.78 - I
W S
o 077 - =
0.76 -
0.75 T '
0mMM_Y,. Lo 150 MM,V e
o e O Sos% oS

S 3 Sas 5 0SSk 5 5550 Jline I S0le i lie ) IS
Figure 1- Comparison of the mean interaction of salinity and silicon on quantumy yield.
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Figure 2- Comparison of the mean interaction of salinity and silicon on chlorophyll a.
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Figure 3- Comparison of the mean interaction of salinity and silicon on chlorophyll total.
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Figure 4- Comparison of the mean interaction of salinity and silicon on soluble sugar.
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