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Article Info ABSTRACT

Article type: Background and Objectives: Nowadays, one of the major challenges
Full Length Research Paper  facing agriculture worldwide is the phenomenon of global warming and the
emergence of heat stress in many agricultural crops. Strawberry is one of
the important horticultural crops that climate change and rising air

Article history:

Received: 12.30.2023 temperatures have had a negative impact on its growth and productivity.
Revised: 01.09.2024 Various strategies are used to cope with stresses, which include the use of
Accepted: 02.05.2024 silicon and inoculation with mycorrhizae bacteria. Silicon has applications

in various stresses and has proven effective under heat and drought
conditions. Mycorrhizal fungi also delay the reduction in relative water

Keywords: content in the leaves during various stresses by keeping stomata open. The
Ion leakage, . . . . .

Proline aim of this experiment is to evaluate the effects of application of fungus
Symbi(;sis and potassium silicate on strawberry runners in order to cope with the

Tolerance effect of high temperature stress on runners and plants and study the
vegetative growth of runners.

Materials and Methods: For this purpose, a study was conducted to
investigate the effect of potassium silicate and mycorrhizae fungus on
tolerance to heat stress in 'Camarosa’ strawberry and also to evaluate the
possibility of increasing plant tolerance to heat in the research greenhouse
of Sari University of Agricultural Sciences and Natural Resources. After
two months of establishment, plants were maintained in a controlled
environment (control) and the rest of the plants were transferred to stress
temperature. One group of pots were kept in a no-stress space where the
day temperature was 25+1 °C and the night temperature was 161 °C and
the relative humidity was 60+5%, and the other pots were placed under
stress in the greenhouse. The plants were placed at 25 °C and the
greenhouse temperature was increased by 2 °C every hour. After seven
hours when the greenhouse temperature reached 39 °C from 25 °C, the
greenhouse temperature was adjusted to 40+1 °C and the plants were
exposed to this stressful temperature for three days. This research was
conducted as a factorial experiment in a completely randomized design
with three factors including two levels of mycorrhizae fungus (with and
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without mycorrhizae fungus), three levels of potassium silicate (zero,
50 and 100 milligrams per liter) as foliar application and two levels of
thermal stress (25 and 41 °C) with three replications in soil culture in the
greenhouse.

Results: The results showed that high temperature stress reduced the
characteristics of fresh root weight, leaf dry weight and silicon content.
Application of potassium silicate enhanced leaf relative water content,
fresh weight of leaves and crowns, dry weight of leaves and roots, crown
diameter, shoot length, and proline content. Application of 50 milligrams
per liter potassium silicate with the addition of mycorrhiza and also in the
absence of it significantly increased dry leaf weight by more than 1.2 and
5.3 times, respectively. Also, the highest fresh root weight with a mean of
3.6 grams was observed at 100 milligrams per liter potassium silicate
concentration. The highest relative water content of leaves under heat stress
treatment was observed in plants inoculated with fungus and without
potassium silicate treatment with an average of 89.65%, which made a
significant difference with other treatment levels. At a concentration of 100
mg/liter of potassium silicate, a significant increase of 1.6 times in proline
content was observed, So, the amount of proline in the control treatment
was 0.023 micromole/g on average, which reached 0.0663 micromole/g in
the 100 mg/liter treatment.

Conclusion: Ultimately, it was determined that high temperature stress
affects many biochemical and photosynthetic factors of strawberry plants,
and application of 50 milligrams per liter potassium silicate along with
mycorrhizae fungus, unlike their separate applications, prevented heat
damage to different plant parts.
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Table 1. Soil characteristics used in soil cultivation of strawberry.
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Table 2. Analysis of variance for morphological characteristics of strawberry.
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) ) ) ) Lo
0.187™ 04" 7.38%* 0.017™ 3.55%* 0.025* 0.00022™ 1 ?
Temperature
..
26317* 10.02%* 8.02%** 4.13 0.111™ 0.092%* 0.99** 1 555
Mycorrhiza
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Fig. 1. The effect of temperature stress, mycorrhizae and potassium silicate on fresh weight of strawberry leaves.

Ll s o s 5 e0ss pSadar Ol ples A0
A s e Sk Ver 500 B 15, S DSl
oy SO 4 el Slgme Sl O
L S S S O3 6ol YO e Sl
Jap Ol 53 Sy S 035 S (Y SS)
Sl b 2B L eddmidls sladiy o3 gles 15
Sﬁx}oj;o\}fpsumuwvﬁ VY
oS A oSl b1y e BB dals s s

(Y U5 2,10 gl pme sl

Yo

)Mu)w):gfj&ié-o)‘jaljxﬁdﬂ\

S sba “:M:\-’L&EUE.*@J‘Q wbs 55 s
Sl 1) s ngﬂa or cble sl eslaxdd
Ll a8 S S 055 Gl wrpe el
O Jbliszgﬁpf&\n chle s 8
Sl el jlas s Spos S, Sis
035 b 3 e Sk 00 el DS
Sl e OF OB s s s 1S
U3 L5ﬁ\ﬁV/o)\‘/\ )'\ui,ﬁg\ﬂ@d)bu;u
Lyl sy bl ol S s s S S



AEXE N ¢ b)m ¥y 249 c@l; .\993 dL&:MQ;) 4%)‘“"’

0.7 :

— a
380 7, S
\j E 05 b I'b
{5 04 | @ P, be
% 3 03 ¥} ‘e
Vo ds
G 22| ¢
<> 8 o1

- = 25T seeles 40C

a
t‘\
)/ b be
Cd’ _n‘ -'\‘\-'
d . \d

(=]

bl ol ol
Cotrol 5. Y

Silicate Silicate
50 100

No mycorrhizael 5, S 030 | mycorthizael ;. S b

bl ol ol
Cotrol 0. Voo

Silicate Silicate
50 100

Treatment s L.

SPF Sy Kl 055 g ety O 5 1325 5K 2B ales S5 1Y IS
Fig. 2. The effect of temperature stress, mycorrhizae and potassium silicate on the dry weight of strawberry leaves.

Voo chle s g Gl dens £ sgd 1) s
Vel G Olee 4 (ol ime 20 2 53 p S L
By U DR VI | P S LISt | P g
DS Bl 3 5 ey Se SlS 1 S
5035 Olme VG 1) s e S Vv ly

(5 S8 45 8 sl p S VY o Sils Ly

Y W Loy dals e s 4y, 503

s glackle 51 eslaal aS (g eba s
o3 b oS BB Lyld s el SIS
Lol s S syl a5 5035 53 ol sme ot ol
Oy | o5 s 3 o ples A5 550 bl 5 s
S ke 00 el OIS CBE s i) 5055

== 25T  eelee 40T

b
c & be
G- G @ :-.-' -2
e’y © v f

7 a
6 [
:,'B 5 ."
D e '-
.’? "b:ﬁ 4 c .O
1\ E 3 ®. .
1 = eger  of
- 2 &.f Cmmwy
&gl
<)
& 0

dals oSl ollw

Cotrol o Voo Cotrol o Voo
Silicate Silicate Silicate Silicate
50 100 50 100
No mycorrhizae! s, , S Ot mycorrhizael;, , ;< L

Treatments s L

SO G Ay FO55 g ey S 5 1555500 7B ples AT ST S8
Fig. 3. The effect of temperature stress, mycorrhizae and potassium silicate on the fresh weight of strawberry root.

A



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

03w fa 6; YN 50 Ol a ks S
@\ﬁ)).ﬂﬂjbrﬁ&:ﬂ\" 500 slackle
G L wlie Sl Ly, (gl 5 s
oyl 3 Sosba sy alsy JU3s Sl
chle o ady, SEx O3 Ol dpusSe
Loys Y :,,b-fcl,;pi;ﬁ» 0 sl SISl
S R A R
Loy ol 23b doys 08 51 s Ol 4 (g5l3 ome
230 S S 152558 53l Oske Ll 5
AT cﬁgﬁ;\n oty SSC SlE s
oS VAL Sle L oatyy 5035 Ol WL

(8 J8) w58 sdalive

] F-,:.-....
-

(p ) aduy S 035
Root dry weight(g)

2
-

Sled L3 Ak, S O b S gL

Ol calie glackle 5l eslaad Loaals
g oadly lals W,y lp)sSKe BB Lyl 5 s ey
L3S st a il Wy 1, Se 03558 L
Sl Ohs dypsSee 2575 pde Ol 3 S5 5bay
Lol S 58 L dals Jles o aly
Lol eieS & A 03 pSSke Ve 2kl
(A gzl S) o, o S v/EA0 (Sl
o,usfcjjscﬁ&m,pdék«@w
0 dals ks e S s clll (gl g
Sl 2,08 S 2B L =S Ll

- e 25C seales 40C

NSNS ARSE (‘,SLAM or hale 58 LS
Ll syl b b dons A S i el
iy Oy e 6 1) s e S e Ver il
Vot ey DSk 3,0 (2B L il sl 5 s
Ll 2 s G b ol U 2 s 0 S ke

W

dals ol ol
Cotrol  o. Ve

Silicate Silicate
50 100

No mycorrhizael;, , S 050

Jals ol olls
Cotrol o Vi

Silicate Silicate
50 100

mycorrhizael ;. , ;s L

Treatments Ul

SO S Ay K g g ety Ok 5 52 5K 2B (les i 16 IS
Fig. 4. The effect of temperature stress, mycorrhizae and potassium silicate on the dry weight of strawberry root.

Yy

dals jls s bbb 0 IS8 4 a5 L

orv cble sl el aSgsbas (il sub Ly
S e by SIS 1 s 0 S ke
Y f;w Voo &:AE-L-.QDJJ.‘)SJ&}J&JM‘)‘J&;M
Bl Ll s sk ks (LI o e 1
03 Ky ol S ae bl b gyl s oosls
€4 oL \ﬁ)jﬁ._.» LS‘)l’ki‘)-i)jg:r“ Bt Ja_,\jw

\j{)jg':" JBUM)J«&LAJJM:)_}JJ Ja_i\JJJQLA‘



AEXE N ¢ D)Lo.\:} ¥y 249 c@w .»J93 ‘5&:6«&:9,.’ d‘?‘)‘w"

14 -®= 25T ++e@es 40T
= a
g5 12 g
L - g
— .
4 % b s
T E Slba bg o bd
4%3 5 .:u'.,._ ;“.l; m{'@_f"‘.
h =] g -
o B 4 de g:’- v
2 2
)
0

dals oAl sl dals Sl SO
Cotrol o Yoo Cotrol o Yoo

SilicateSilicate SilicateSilicate
50 100 50 100

No mycorrhizae!;, , S o500 | mycorrhizael s ; S L

Treatments Ls L.

Ko Gsb by Ok 5 1525550 258 =l (ales 25 SU -0 IS
Fig. 5. The effect of temperature stress, inoculation of mycorrhizae and potassium silicate on the diameter of
strawberry crown.

55 O e L Ll Il (glsime osls S,
Sl 1S BB 5 oS ol ax s YO gles

.MJL;G QL.I..: )\J&M

Shyy sl G foie b JSS 4 ey L
G)B )jaé} DL J‘J§L5:-’L~" a2 Yo le'db 02
L oS ol coss Shgy 80 5 Ske L5, S

Lol js gl 5 Lild s Sy, sl

4';1 % A ab
T I N

mycorrhizae ;. mycorrhizae &

1555 1520850

152555 Y-

25C 40 C
Treatments s L

AT F Sy A 155550 7,6 il b 5 SU N IS
Fig. 6. The effect of temperature stress and inoculation of mycorrhizae on the number of strawberry runner.

YA



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

ﬁ)bvﬁ&O')MLSLAWJD&UJJA} DL 6.,\..:‘5) Sl JJSU,:M.: LVJ.(.:'MD‘):L:

Ja-i\j“:' )J ;S,U)) J‘Jutj L: 45 Lo J«ﬁl}- ;SJ.}))

6 ab
N ~5 b ‘\\.
3;‘ %4 be a\ %
g § W be § \ c
337 5 N N X NS
Y Y Y Y Y Y
SN\
e N N N N X N
Lals ol ol Ll ol ol
Cotrol Y \o Cotrol O Voo
Silicate Silicate Silicate Silicate
50 100 50 100
25C La ke 40°C
Treatments
7
3 T 4
?: ,‘:‘5 § ab abe
2 4 N c
1 N ENENENIR
27 ¥ X Y N N
dals O oL oS dals O QL Sl
Cotrol  Silicate Yoo Cotrol  Silicate Yoo
0 Silicate 0 silicate
100 100
25T 40C
Lajles
Treatments

PO SKigy g 5 2 p ks S 5 o> 5 A6V IS
Fig. 7. The effect of temperature stress and potassium silicate on the number and length of strawberry runner.

0 CJM.AJf)lSJ.JQLA))J@‘@Jﬂ)MLZ DL 6.,\.:‘5) Jj.lo JJ:LJ,:M.: LVJK.ZA.:D);L:
S O3 e b Uil os gy J5e 2 02 p S e 2 s ey Sk 2 s e Sk 00 Ul
NG LN iy ES VRGP P Y":Ml:”* O/A Ol 4 ;\ﬁ&:;u axry Yo gl Ll ok
)‘ \ﬁ)}gﬂd L5LA€)L§ JJJ)[S LY JJJJS &)‘ﬁ c]a.u ﬂ\f\ l.: 42-;‘ JubJ§ sdalis J:A&:.:Lw
Qjﬂ)}h U‘"}"‘}“ .,\..Z) LSLAo.,\MSr.Ja.J .,L:Jj.'; ‘3.»).]9 c]a..zkz)e.l.i PronLY QT Q‘J:A )l r...wL“..i C)&JM

4



\EXZ N1 D)Lo.\:} &Y 249 c@bf -»J’S dlﬁ:&g;) A gl

0> skl 51l Wls e sslae 5 S5
S S ol S sl s Ko oS
L OLlS axwy 5 Ldy seg Ll o 38 o
2 S Y s Y S Gl 5 A8 e
ikt 5 O 5 S Al el S 550 aS
e R AR VPSP T N
b Jsbe oolps mbdcsy; glajlsle Llg e
LS bas ) Jahe glie codll 5 e S g
S e Wl eely DS izes
L ClesS pobe 5 s Ol 5 05,50 5 eslixal
{,.Ja.\.? 3 Ll e OR35S plas (,:Ja.S
adls j& u.:\-l:ms‘&:j v—_’,fT e 1T
FSE 5 e O el eS| Sl (68 L s L
Lol S 5l S0 Glacaul Wisds AaS1y
S0 Ol b ks nlBl (V) das ials
s CK;A 23 el SSLs 5 155550 Olejen
RIB L 0 o boles plo Sl 2t ol S
ol (Jld glaaiy ) slaas Aul5sl 5 baalds C]a.‘
Bl g oo ol opldas oo Sl 1y Sdae slge 5 O
S SAS G 2 gl S S8 AL S
oslatal &S sl enls QLIS La a5, Tt Al
Ll e el Cllw 5 15,550 51 Olejes
2 gl S SR s ke ke DL
Ll o oS5 pl dbaih S pos <o)
Ll sl K p0s 0bls s Sas 5 Ad) 25
ASl he Al b g das (LI ol S s

(YA)
A s a5 Jor 3ib (e g
Sl e Slsee g bty S 5 155 5550 Lo
Aoy S dleal mhe s s Gl
sl Opmlpesls S J0s

boles o 5 23,5 13 1y Ko 26 Libess

LA )\J&M

BEJRGINW T K VIV Iy Ry EOR ey S| mjfcua

e

S 5 C]a“} Slaad Sl gae Jaalssl Comge o
SAS oS 5 Shae 5 olS ol okl S 055
LS 5 S, C}a’” ol e e .,\jsﬁda
s gl b Gmger loos 055
b e ped eSS e (YY) s (518
S e Sl el Y Sl 1) S 6
s a5 ol S O Wl 5 ady, Jsb
(YY) :;ﬁ& Low oS wle i ol
sdas Ol &S syl sy Slelp sl g8
LoolS bug ol ole Cds 5 Aoy il
Jiisa &8 Al e 1555500 Loz B L Ol il
5 bl 5 Jase gla i sl a4 Caslie O
OB e amys s wdl LI g les
sl o158 (VE) 33,8 o olS (Sos0 0 5 5 Shas
o Gl e oS 0l L elS il
Ul 5 jawass 5 glduld By el olS i,
L Seusba oy dle 5 als)y o o350
5 olS Ik Lol Jlml 5 olie jwobe ziy ol
(Y0) b o 2l S mlae 5 sl
3,8 S cl el OLES Lt @L:.}
L SA5 S S8 28 D5 el
03 s S B o LS e 355l ey Jals
sl il 5l el 5 &S sbwl QLS axw s 5 Al
31 eslaal (e o () sl s I, Jsb
ClS s 5 Os Rl e el DGl
Chdy Slis s b glsaae Rl el
33 Spg Kl 58 ol S skl K pos
Syl cdld bl s, sl sl
GieSl dlb slas S W el 5 Slas) s
osls OLE Lajtagsy (TV) A5l axils ol jena 1)
,\.‘;)ﬁgfiﬁﬁj‘\: R
wily b S s ks s Sios obls



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

V=P R P T OO WO JPRCIO
o Jleal mhan s Loy 31 5 48,5 515 Lo

(Y’ d).,\;-) g:,....u\ ol )\J&M M)J

A Sl G S U bl S e
oS )\J&:‘M V.:M:L“\.i Q&:L:m 9 ‘J,))}.{:A e J;u.’;d
9 &L@—JM r.mdll_{ CJK.:J_:M: 9 Lo ealus JS‘ Lol (!

ol )\D&:‘M \j'l)jg':‘ 9 v.:..uh'.: QK.:L:..«: J;u.’;« J.':"

SO S5 Pmr S S el ke s o Y g
Table 3. Analysis of variance for physiological characteristics of strawberry.

Sl e e
Mean square FUSEN
_ et b
Root dry Leaf dry Ton I;aka o Relative water Root df
weight weight & content colonization
Lo
0.057* 0.00073** 1122.5%* 1056.44%* 0.187"™ 1 ?
Temperature
I3
0.0011™ 0.000083™ 0.0027 ™ 210.52%* 26317* 1 o
Mycorrhiza
b Sl
0.0005™ 0.00053** 774.9%* 74.74%* 4.55™ 2 (e o
P. silicate
I3 L
0.0002"™ 0.00007™ 31.63™ 258.1%* 0.136™ 1 s ees
Temp. x myc.
SISCdex Lo
0.0003™ 0.00058%** 178.98 ™ 125.3%* 4™ 2 T
Temp. x silicate
55555 box IS
0.0003™ 0.00055** 362.4* 372.7%* 2.03™ 2 sl
Temp. X silicate
55 555 Lox Ao Lo
0.0024™ 0.00052%* 23" 772.7%% 2.03™ 2 0 xSl
Temp x six myc.
Lo
0.0134 0.000033 74.99 12.97 2.8 24
Error
I
3.6 18.73 17.05 5.41 331 T
CV

% % NS

J.p);\_i:}@Chnﬂ)z‘_g)l:w%;)bwh\&\«&f“qw ¢

S * % gre non-significant and significant and significant at 5 and 1% at probability levels, respective

el S 5 8 5 ples A5 cimes Ll
a3 gl OpelisS Ol s b
FRUES VR W RGN VR | P IIVER I W
S S edd )5S sbag B 8,
S e nl 03 aly s Ol IS FalS r s

QL.:..: LA&.N)JJ ol ebﬁj )‘JL;‘M L}:,.A[S U"\ Lol

¥y

Loy oo 15,8 gt b il 10 g 55 9IS
sdas Ol oS Clls Sy pme il als ) Osenl 5058
g boselS 5 20 e e e sl Cudi s
Ol aiy;y 3l doys WAL s A IKS 4
b b e ) sGn B L e il

ebﬁ Q}:.MI‘J:J}J\S g:ao:zﬁjﬁ Glis o« .,\.:\4.:.:'\.5 G)B



\EXZ N1 D)Lo.\:} &Y 249 c@bf -»J’S dlﬁ:&g;) A gl

Loos Sagh opl s el tags ul glaasl
S ATy oSy b 15K slag B mdl
Symee 95l e ey Sl Cibge 31 OLES
syt st ol G eae bl ol ails
slawy oS Ol e Klg o wbidos,

b 8 5t a3 s SV b

S~ 0D

0, B . .
(Y0)aiyy O ol 3508
— W
oo CcCoOoOocooOoO

Root colonization(%)

b

slos o NSl 15, S Szl i jes o3l
Lol g5 Sl WU lales 4 ol 0l
Sl sme 5l oS b a8 U Loy il Bl g
slabes Lol o3 S5 sl T8 sl slS Aoy
Loys 3 ol sme s el am s tr 51 SVL
Loglas SLlS oS (V) Al als) OsenlieislS

.
.

N

No mycorrhizae ;. mycorrhizael ., S L

‘ . I'd
PP

Treatment L.

(PO F Aty 33 g8 Ol S doys 5555 B L il S -A S
Fig. 8. The effect of inoculation with mycorrhizae on the percentage of fungal colonization in strawberry roots.

Sl slas Oy 5 Z0B L eddimidls ladi s o
S A sdalie do s A0 350 S0l b il
23,8 sl (Suls pme sl (5 ke lea,.@ﬁbb_
Sy oo SSdmid sbubl ol S
Lo S 8 Al S ol o
Solre Olgeay 5 das Ol I3 pl5l 4w lie
5ol sy S Selul cgr slaxsl LB
5,08 (K1) 8 e e alS slacil
SR Sl e e e e
slals S o sy d) o i a5 s
Al s eats plald lalye s S 4 s e
5 olS s g.j Condy S 3 ebew Yloz~|
Lilrs 53 Sl G s 1
ol i 4 olS Cueglie 5 el i A
o 5 S S s e 3,08 s

Soe b ek 1 cpl S as S o3Il als8l

Yy

Slye & K5 4 g L ui s (8 g
Wl b Ly el gl Ll s ol e
Sl cilie glachle 5l eslasl «S (g sbas
Sp ol o Sl Dl 03 Gt o2 ey
0 )Ls..:.? L LS'iL‘J JM; JLQ..O‘ L) Lol ij.A.;..: Jl’Lj“
dosSer Dok el O 1) 3 0 S e
oLz obsbine (il S e O (glstos Ol
Glol Loy s S dasdle Jwélw@w
Gl Bl e 5 Rl )l O g
UTW 6\‘}22;: JJSVS C)w BL J..:JJ; odalie
e.,\.i:)Ls.:':' 6[.#4.7){)} @UJMJJJJQLA))J ;fj.:
o liomili 5 2 s e S Jue 00 sl SISKL b
A edalis dojs OV oSle LoZ06 L

S 5 e 55 S e Ol Ol o Sk



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

[P R SOV S VRN VAU DOV S SGI00H R
Slers YU gl daulsn Ll s 5 sdalin
Ls il 3l aS s 5158 as Sl S 503 S
S S 3 s Sy a4 s
Ol oS ol alie (8 XY) s S K pos
SRS 4 e WS GlS A el
SRSl pt (SRS 5 e O sl
s LS, Sl O sl s s el S
W sleS Ll 3 S, o 51 s Ll

oS 53 O JUsl 5 Jsls s 5 o8 Sy
S5 ol s Lld ol ) sl bl
Osds sl 52 1 53 p S ke 00 iln Sl
5 hosole sl Ll sdalie 15K
Slszms SRalS o ge 25 0l L el DAL
S A P O S ]
Jsa 15 e a S1LOTY) b b 5T e
Sl pde 5 ple Sole Dol 03,5 a
ety Sl 5208 Oloy 3 oS by ols

f\; 100 - e I5C sedles 40C
< 9 b .,
L5 s0f 4 L% ; ., C
l:) 8 70 F r";-ff--.-:u . .‘. e .o..
) 5 60 de -
- 3 [ » ~e
b
S gy
B 30t
2 2
PRESC ST B O Sl
Cotrol o Yau Cotrol 0. Yoo

Silicate Silicate
50 100

No mycorrhizael ;. , < 050

Silicate Silicate
50 100

mycorrhizae! . ; 5. L

Treatments s ;les

(SO SE Ol e 5o el DU 5 1325 500 7,0 2los S35 F1-4 S
Fig. 9. The effect of temperature stress, mycorrhizae and potassium silicate on the RWC of strawberry leaves.

ol Ll e ;\;v:;u a3 Y0 gles > alas,
el VY B g_M:v EEBE3) 6[.4: M| <=.,L9 )\
ssba LS sl a3 Yo les u s asles

¥y

A Gn By plee b Dl tge o
Sap b ik glis 3l S i sl g oblas
@l doys Vo Ol @ Solpme Sl (S
OLS 3 S i WL Ol (00 IS2)



\EXZ N1 D)Lo.\:} &Y 249 c@bf .\AJQS ‘5&:6«&:”’ A gl

lon leakage (%)
o~

3]
[
-

N

iz

40C

temperature

WSAOF S s G S Aoy abes S SV S
Fig. 10. The effect of temperature stress on the percentage of ion leakage in strawberry leaves.

D333 bl aSepl b .ol gols om0
ot A 03 e S ke Ve SR Ll S
J3R R e (P S G TAO LalS

O K8 s S dals b g slsbins &oslis

G 000504%
Js =

Silicate
50

Cotrol

No mycorrhizae! ;. , S
Treatments Ls,

/7778

Silicate

00

S A el s (w4 ar g L

Olgen 3l bty S 3,8 L oS s |y G
YV B il S 3008l sl aalS O
oS 3,08 s S i el Com e Ao

(P e G T SRl s by ol

it -
/77
/7

U
¢

Silicate

50

Cotrol

Silicate
00

mycorrhizae! . ; S L

(S5 S O o Sl on el S 5 1325 5500 B 31NN Y
Fig. 11. The effect of mycorrhizae and potassium silicate on the Ion leakage of strawberry leaves.

oMW&U%’y})J&jﬁYLéu:)ﬂw)f
B VSCIN PYCCN RCIN A FOPRR IR S O S PR R
-’;—il*-" 3> Dl Sl s asl ui*ilj-é‘ djl-ﬂ sles

Clld [ialS ol eaas Ji bl b Cos LS S

Y

Vb Lo il boedd 5158 Laly e 2
3 sk f)) s S s 6l 5 Al e

39l :\Jf&:ju s Y0 gles 4 Cald cadan

LS s 5o (8) cusls (il ol dr=As



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

oy chle f.:L: gl Sl s Gl
A3 Ve Sl e B s ey St A e S e
DB @L:j QY Ji.;) ol onls Ol falS
OBl s S5 Sl Sa S sl Ol S
L Ol Ol oo 3,008 5 o (s Ol
oS oS Ol gieay gy wpeldenl das o SRalS
S s e 5038 Jee S 0503 Sy
Jg,;s.sﬁyﬁay\@@juﬁjsujtq
b a Snie ebeiy lls s e 985 8
308 Y| 5 e 5m OF 51 5 055 SIS
25 ekt s IS s IS e ke
Fr S e an e A 4 il
23 A5l 4 pslie QLS G s s Dk
Sl Slge 0pd a5 pn b
g e il gladind (s ASle (6 el
335 0 WbSs, 3l pan 5 Sl slaos
Gk 3l dan B S POl ae (KO
380 4 OLLS Wi, gl p 5L s sk, Lis
fuel bl ol Gl S US o S badshe g
Gl pberdcan; S Ulsew Lls
“iay il (E) s, B A5 Ol Sl
S I N N L I GO
oS opl 8l p 1y aduy Jases 5l Ol Sl aslsl (gl
by 5 Ol S5 el 4 s e S v.;m\J.e
Lsls OLES &8 SIS hash il b oS sl wulS
Cilises Gai 55 55 s sl Soslite Ol e
Sl Ll e oS ol b =il 5o o5
Llad sl 6 5 CG)l 03 S V':l“; S Sl

L8Y) sls cllas

Yo

O Sle 5 s L sliS e lagy 3
Gl ials s M) cand wils e 56
OLd ats & Sl S 10 lld s clis
Sl LS wsl b bals ol s bk,
(Hy02) 03,08 AeSl o o5ia 55T sladlsl,
slie 5 asl Ll (MDA) wadliss o4l Ol s
EERE NN E Ut RN TR R
ssba ik slis s Ses 5 oL L s
08 el e by Ol s 4w g
oo Yo sl i o Kpos S Ji
R A T I - S RB e
S Blae 53 elS 51 S eyl Sab s sl
bosos,S Bl o) 8 5 e Slais ¢l
):Laoi&b';i))jé)'\LAJJ)TL;},LMU();“JJ:H;}M)
53 (TV) &S o (6,8 s i3 5l L3068 Ll
OspldanST 5l mibon b ke (5 Ll 5
Cois GalS 4 e (A 4 atnls sl gland
clie Sl s sl bis 5 lac S

(YA) 358 o Ll i ol 5o o3 olS Sl
Aon les 28 ples (55 550 biodsn
OlS 3 b S 5 5sp oK aSgba
0 Chle b pnly DAL 5 )8 L 5 500 3L
Fo e ¥ Ol a4 G GIB A s e S s
ol ad s pi&u Voo clle s Ll ol
Ao odalie g (glge 53 (50l VLl pme
f S pdpesSes /YT 5S0ke Lodals Sl &S
23S Vor sl 55 p 8 5 e e /Y
L ol S a5 Cos OLlS 3 &S I ey 2



V€

£y D)Loa:} ¥y 2,90 c@‘uf .»J93 ‘5&&&9).’ A gl

i § a =@= 25T =++@-+40C
o 0.07 :
2 e 0.06
3 g 005 _
.) S~ L] C
~ g8 0.04 . e
08 g | G o . P
=) . .:_-' &) - = B O = -
W S| g0 v v
3 2 00l
a2 0
- A dals oSl ol dals oAl oS
Cotrol 0. Vas Cotrol o You
Silicate Silicate Silicate Silicate
50 100 50 100
No mycorrhizae! ;. , S o0 mycorrhizael;, , S L

Treatments s L.s

SPDF S o p Slsme ety DSk 5 15 S0 2B (ples A5 SV S
Fig. 12. The effect of temperature stress, mycorrhizae and potassium silicate on the proline content of
strawberry leaves.

room 3wl Lae (VL sl oS W3 S sdalis
A3 hagsy 3 (8Y) A3 olS Sl s ke
S S S ke SR 1 50
SSosbay Lo ,S edalls p sk Hlad s )
e e e
oRIBl pemes 7)o Iy R 8 S,
SV PP R U WU C SR N

odalin eSM)d}f)JWQi‘ 3)—.’)[5“?%:‘-.’)"

S 2 Sl b Ol (R cpl 3 e
Cla.ﬂ 3 :\qu:;u a3 Y0 gl s u_izjsuj
O Olpes 31 o3 55 550 b Ll il S5 VL
S p Sl b Ol Sosba d anuls
Olpes & (Sologms 2alS (15 550 L S pos
LL:.A\) w&.ﬁ o (C\ J—i—:') Sl 4.:3Li M)) Y/0
2l bl s Ol o S5 R oS edd 1S
43 ng,,.a'h A3 dshe Sl s Lsi:ﬁuj; oS

(88) s aals Sl s Ol Ol AR S psedes A
33 r
. a
{g 325 w
Xt 32 ¢ \ b
NN
o315 \
N I\ N
25 41
(o g 42 53) La>
temperature(C)

(SF E g 3 ks Ol s 25 3BV S
Fig. 13. The effect of temperature stress on the amount of silicon in strawberry leaves.

A



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

el DS LS 0 5 aleSe 15,50 250
il (6, Seilhln g slajarls o ke LU
F05s  olsime U o 155K 2B L il
s ish 5 oaty, S SEs 05 ish 5 S
S p s S Slse (SKp, sk sl Wi
W los i &8 W yeskin (ol S
SO n s eebaS, sl St gl
38 s das e 13 e |y Ko oS
els ) o pSibe 00 Bl Ll SIS
LV los il 3ass 3 oS 2B L

Llad o (6,8 sl oS iz sla i

1.Else, M., & Atkinson, C. (2010). Climate
change impacts on UK top and soft fruit
production. Qutlook on Agriculture,
39(4), 257-262.

2.Fan, W., Zhang, M., Zhang, H., & Zhang,
P. (2012). Improved tolerance to various
abiotic stresses in transgenic sweet potato
(Ipomoea batatas) expressing spinach
betaine aldehyde dehydrogenase. PloS
one, 7(5), e37344.

3.Kesici, M., Gulen, H., Ergin, S., Turhan,
E., Ahmet, I. P. E. K., & Koksal, N.
(2013). Heat-stress tolerance of some
strawberry (Fragariax ananassa) cultivars.
Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 41(1), 244-249.

4 Natarajan, S. (2005). High temperature
stress responses of Salvia splendens and
Viola X wittrockiana. PhD Diss, Louisian
State University. 154 p.

5.Zs6fi, Z., Varadi, G., Balo, B., Marschall,
M., Nagy, Z., & Dulai, S. (2009).
Heat acclimation of grapevine leaf
photosynthesis: mezo-and macroclimatic
aspects.  Functional Plant Biology,
36(4), 310-322.

YY

IS (5 5 Ao

S sl Ol tagn ool 3 edeliese mls

sles

F03s oS Sl ol Gl il il
Ol 5 aish b fals (S Sixt U5 s
e el O 58 S
3 S S0 S Sl el Gl e
Jsb ish i iy, (S SEx 05 @ik
LSS s Gl 5 S CiS (SA,
03 s 3 ey DS Bl o e
o chls S, S 5 505 e berls
5 505 Wl by gSB (2 50 s 2 e S e
S8 e 1)y {‘;&u Voo Chle b L

6.Liang, Y., Hua, H., Zhu, Y. G., Zhang, J.,
Cheng, C., & Romheld, V. (20006).
Importance of plant species and external
silicon concentration to active silicon
uptake and transport. New phytologist,
172(1), 63-72.

7.Taheri, M., & Haghighi, M. (2018).
Benzyl adenine is more effective than
potassium silicate on decreasing the
detrimental effects of heat stress in pepper
(Capsicum annum CV. PS301).
Iran Agricultural Research, 37(1), 89-98.
[In Persian|

8.Mirabbasi, N., Nikbakht, A., Etemadi, N.,
& Sabzalian, M. R. (2013). Effect of
different concentrations of potassium
silicate, nano-silicon and calcium chloride
on concentration of potassium, calcium
and magnesium, chlorophyll content and
number of florets of Asiatic lily cv.
‘Brunello’. Journal of Soil and Plant
Interactions, 4(2), 41-50. [In Persian]|

9.Whetzel, H. H. (1918). An outline of the
history of phytopathology. WB Saunders.

10.Eskandari, S., Guppy, C. N., Knox, O.

G., Flavel, R. J., Backhouse, D., &
Haling, R. E. (2017). Mycorrhizal



\EXZ N1 D)Low:} &Y 249 c@bf -»J’S ‘5&&&9).’ A gl

contribution to phosphorus nutrition of
cotton in low and highly sodic soils
using dual isotope labelling (32P and
33P). Soil Biology and Biochemistry,
105, 37-44.
11.Nagarathna, T. K., Prasad, T. G.,
Bagyaraj, D. J., & Shadakshari, Y. G.
(2007). Effect of arbuscular mycorrhiza
and phosphorus levels on growth and
water use efficiency in sunflower at
different soil moisture status. Journal of
Agricultural Technology, 3(2), 221-229.
12.Wright, S. F. (2005). Management of
arbuscular mycorrhizal fungi. Roots and
soil management: interactions between
roots and the soil, 48, 181-197.
13.Kapoor, R., Giri, B., & Mukerji, K. G.
(2002). Soil factors in relation to
distribution and occurrence of vesicular
arbuscular mycorrhiza. In Techniques in
mycorrhizal  studies  (pp. 51-85).
Dordrecht: Springer Netherlands.
14.Huang, H., Zhang, S., Wu, N., Luo, L.,
& Christie, P. (2009). Influence of
Glomus etunicatum/Zea mays mycorrhiza
on atrazine degradation, soil phosphatase
and dehydrogenase activities, and soil
microbial community structure. Soil
Biology and Biochemistry, 41(4), 726-734.
15.Bitterlich, M., Kriigel, U., Boldt-
Burisch, K., Franken, P., & Kiihn, C.
(2014). The sucrose transporter Sl
SUT 2 from tomato interacts with
brassinosteroid functioning and affects
arbuscular mycorrhiza formation. The
Plant Journal, 78(5), 877-889.
16.Matsubara, Y. S., Hirano, 1., Come on,
D., & Koshikawa, K. (2004). Increased
tolerance to  Fusarium wilt in
mycorrhizal strawberry plants raised by
capillary watering methods. Environment
Control in Biology, 42(3), 185-191.
17.Sanchez, F. J., Manzanares, M.,
de Andres, E. F., Tenorio, J. L., &
Ayerbe, L. (1998). Turgor maintenance,
osmotic adjustment and soluble sugar
and proline accumulation in 49 pea
cultivars in response to water stress.
Field crops research, 59(3), 225-235.

YA

18.Lutts, S., Kinet, J. M., & Bouharmont, J.
(1996). NaCl-induced senescence in
leaves of rice (Oryza sativa L.) cultivars
differing in salinity resistance. Annals of
botany, 78(3), 389-398.

19.Kormanik, P. P., & MCGraw, A. C.
(1982). Quantification of vesicular-
arbuscular mycorrhizas in plant roots. In
Methods and Principles of Mycorrhizal
Research (Ed. by N. C. Schenck), The
American  Phytopathological Society,
St Paul, Minnesota. pp. 37-45.

20.Bates, L., Waldren, R., & Teare, I.
(1973). Rapid determination of free
proline for water-stress studies. Plant
and Soil, 39(1), 205-207.

21.Hallmark, C. T., Wilding, L. P.,, &
Smeck, N. E. (1983). Silicon. Methods
of Soil Analysis: Part 2 Chemical and
Microbiological Properties, 9, 263-273.

22.Widada, J., Damarjaya, D. 1, &
Kabirun, S. (2007). The interactive
effects of arbuscular mycorrhizal fungi
and rhizobacteria on the growth and
nutrients uptake of sorghum in acid soil.
In First  international  meeting on
microbial  phosphate  solubilization
(pp. 173-177). Springer, Dordrecht.

23.1lbas, A. L., & Sahin, S. (2005). Glomus
fasciculatum  inoculation  improves
soybean production. Acta Agriculturae
Scandinavica Section B-Soil and Plant
Science, 55(4), 287-292.

24 Porras-Soriano, A., Soriano-Martin,
M. L., Porras-Piedra, A., & Azcon, R.
(2009). Arbuscular mycorrhizal fungi
increased growth, nutrient uptake and
tolerance to salinity in olive trees under
nursery conditions. Journal of plant
physiology, 166(13), 1350-1359.

25.0rtas, 1. (1996). The influence of use of
different rates of mycorrhizal inoculum
on root infection, plant growth, and
phosphorus uptake. Communications
in soil science and plant analysis,
27(18-20), 2935-2946.

26.Xiao, J., Li, Y., & Jeong, B. R. (2022).
Foliar Silicon Spray to Strawberry
Plants  during  Summer  Cutting
Propagation Enhances Resistance of



O S0n g auid Al [ e Ol g3 iy SSelens ¢ 121550 51

Transplants to High Temperature
Stresses. Frontiers in Sustainable Food
Systems, 6, 938128.

27.1L4, Y., Xiao, J., Hu, J., & Jeong, B. R.
(2020). Method of silicon application
affects quality of strawberry daughter
plants during cutting propagation in
hydroponic substrate system. Agronomy,
10(11), 1753.

28.Moradtalab, N., Hajiboland, R.,
Aliasgharzad, N., Hartmann, T. E., &
Neumann, G. (2019). Silicon and the
association  with an  arbuscular-
mycorrhizal ~ fungus  (Rhizophagus
clarus) mitigate the adverse effects of
drought stress on strawberry. Agronomy,
9(1), 41.

29.Zhu, X., Song, F., & Liu, F. (2017).

Arbuscular mycorrhizal fungi and
tolerance of temperature stress in plants.
Arbuscular mycorrhizas and  stress

tolerance of plants, 163-194.

30.Schonfeld, M. A., Johnson, R. C.,
Carver, B. F., &Mornhinweg, D. W.
(1988). Water relations in winter wheat
as drought resistance indicators. Crop
Science, 28(3), 526-531.

31.Romero-Aranda, M. R., Jurado, O., &
Cuartero, J. (2006). Silicon alleviates the
deleterious salt effect on tomato plant
growth by improving plant water
status. Journal of plant physiology,
163(8), 847-855.

32.Li, Y., Xiao, J., Hu, J., & Jeong, B. R.
(2020). Method of silicon application
affects quality of strawberry daughter
plants during cutting propagation in
hydroponic substrate system. Agronomy,
10(11), 1753.

33.Gulen, H., &Eris, A. (2003). Some
physiological changes in strawberry
(Fragaria > ananassa ‘Camarosa’)
plants under heat stress. The Journal of
Horticultural Science and Biotechnology,
78(6), 894-898.

34.Gulen, H., & Eris, A. (2004). Effect of
heat stress on peroxidase activity and
total protein content in strawberry
plants. Plant Science, 166(3), 739-744.

¥4

35.Kesici, M., Gulen, H., Ergin, S., Turhan,
E., Ahmet, 1. P. E. K., &Koksal, N.
(2013). Heat-stress tolerance of some
strawberry (Fragaria X ananassa)
cultivars. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 41(1), 244-249.

36.Kaur, R., Bains, T. S., Bindumadhava,
H., & Nayyar, H. (2015). Responses of
mungbean (Vigna radiata L.) genotypes
to heat stress: Effects on reproductive
biology, leaf function and yield traits.
Scientia Horticulturae, 197, 527-541.

37.Savvas, D., & Ntatsi, G. (2015).
Biostimulant activity of silicon in
horticulture.  Scientia  Horticulturae,
196, 66-81.

38.Agarie, S., Miura, A., Sumikura,

R., Tsukamoto, S., Nose, A., Arima,
S., & Miyao-Tokutomi, M. (2002).
Overexpression of C4 PEPC caused
O2-insensitive photosynthesis in
transgenic rice plants. Plant Science,
162(2), 257-265.

39.Reddy, A. R., Chaitanya, K. V., &
Vivekanandan, M. (2004). Drought-
induced responses of photosynthesis and
antioxidant metabolism in  higher
plants. Journal of plant physiology,
161(11), 1189-1202.

40.Ez-zohra, I. F., Said, Q. S. A. . B,
Mohamed, F. A. 1. Z. E.,, & Tayeb,
K. O. U. S. S. A. (2014). Biochemical
Changes in Grapevines Roots in
Responses to Osmotic Stress.
International Journal of Scientific and
Research Publications, 4(7), 1-5.

41.Jokar, N. G., Nadian, H., Moghaddam,
B. K., & Gharinech, M. H. (2016).
Influence of arbuscular mycorrhizal
fungi and drought stress on some macro
nutrient uptake in three leek genotypes
with different root morphology. Journal
of Water and Soil, 29(1), 198-209.
[In Persian|

42.Yousefi, R., & Esna-ashari, M. (2017).
The effect of Micro- and Nanoparticles
of silicon on concentration of macro-
and micro elements and silicon content
of strawberry plant in soilless culture
condition. Journal of Soil and Plant
Interactions, 8(1), 58-71. [In Persian]|



\EXZ N1 D)Low:} &Y 249 c@bf -»J’S dug}‘&ﬁ)’ A gl

43.Seyed lor, L., Tabatabaei, J., & Fallahi,

E. (2009). The effect of silicon on the
growth and yield of strawberry grown
under saline conditions. Journal of
Horticultural Science, 23(1), 88-95.
[In Persian|

o

44 .Abd-Alkarim, E.,

Bayoumi, Y.,
Metwally, E., & Rakha, M. (2017).
Silicon supplements affect yield and
fruit quality of cucumber (Cucumis
sativus L.) grown in net houses. African
Journal of Agricultural Research,
12(31), 2518-2523.



