i 3 s S G5 M.

im0 lows 73,3 e ylbew T g0 58 Jagews ¢
Y ol Sy oyl yag oKyl ygl ued o SLEL wdine g pole wl wlis S
v ul).ee ‘w.\gb ‘u‘).@‘) OKAAA.’I.) ul?(.:)y‘ w;.)).: ‘U.JL.CL: 09; )L.u.ul.)
¥ ol b8l ol ag oKy lbu gl ey« SLEL 09,5 bkl
1 gims o3 gs*SKarimi@ut.ac.ir

ERVLE
P olpl e jeuiS 5l anlae Lisu .l ol (Sid dos | e (gl i e caw Sl slod (iul38l s eulBl il s
g g LS (hiy g ol 13 39290 O lime il oty (s 5 Lasl b 53l oad @By oo p)S 9 Sitd ailaie
u;‘;zz:\S Ol)’)jl,j;f ..\.n]).) 9 <yl OI)‘,,A 1wl o O“Qr? 2 O‘)il rablg .\.Jy O‘}:A u»m‘S s ).a1 Q;"I ..\glguo u.un:lf RV 01},\:@
dedo paie Sy posuhs Casl (G jpt G laulyd )3 (LS L) dene sy, (S ol i (ilear b
A 50 (ol Ol hw) pomnliw 3,58 31 (imghy pl )0 Dad o Jrisme (sla 155 bayl i 50 3 Slas 5 Ay d9udy o &S !
ol pasls SRl g (5504 deuSTyy Olie (B posmardis 0d S g2 Of amiglgine Gl g 55 (liee Sl
O balyd 53 Sy Lais 5 olS )3 3990 O (50 S0t b (55808 (L0355 55 g g5lpnST ol (IS s oLt
ol (S 5 Jood lise 9 by il o posulis ;Yo (Lo B 548 iagh cpl slvedly Lwlwl p s Sis

S Pl)l.g

SIS igid o ol Lailg) o5 aaw (59, dSTy 15T (Sa0]lg

Aosdo
5 05, o)lsan Sis L3 (Kamiab et al., 2013) cuul sns JLSid L2l58l e ped oliee 5 bod Gialial S0k Ltals
i 2t e Gole )5S (il > Ol & (s Cadgaome (WWAF (oS g (S550) ol 03505 085 1y (ol Sl
395 o0 My inlS o aods BB Ol 4y oy LialS (Karimi et al., 2018) el odgs (65,9l &Y guamo L) ¢ 3,5dos
35 90l 1 3gn g0 O e il (0)S cot g (555 Vol ialS g gy oy b (Suis i (Rizwan et al., 2015)
bl 53 .5 (Kamiab et al., 2013) aiy ;5 ) g3, las SidlS Caw (6 5wgd (oo 3235, cu 55 § gl sl 595
3o g a3y bis lp lagby) (8L 1l 0ad (65)5liS SV gaze 3 Sloe (il G (JloSis (glaoygs ansiS
oS o Lyl 58l s 45l _olb g 51 olS 4305 Sgute el Carad] Bl Jlas ] 55 (StS i Lyl 4 pholy s
Gygo 4 ol | oS (Meunier et al., 2017) cuwl Lie g paic popnbos (VWA (as)S g (Jljyme) 29 g0 Lidd &
ez J il (sla 5 & ol Jas 5 Jsbo o5l plSoxial Gl el 5 390 0,553 S oyl 5 S5l (slojeddy
(Kamiab g5 o0 Ol cd) yun jinlS Cogo ndjs, (53955 4,5 LialS b possliw (Meunier et al., 2017) 54 0 (Suis

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



™ it g ) S LS

3 bl sy O bads g sy 3gua0 (35 Joot Lol 81 53 (oaw obS 4355 )3 posnliw 30,8 L g ol > et al., 2013)

g, 9 3190

S 92 Jolowe b dla Jlegls edid 51 g 2508 cetS (03l dwsle 5 Sl Gy (bose )3 (aloyw di Sl e &5 Pk sy
IS 2 pgmnlins ol )3 Ll & IS 15 )85 a3 B0kl Mol )b LB p3 958 &ygmas inlojl 50 adss JolS
s s 33 (S s 15 031> o Jlals s 55 Jgono oo (Yo o 0 5 Y/8 b s s ) sl Ao
039) A+ 0393 plasl I Ly b plol o AlS (55 b g LS gy 93 2 (s)lul b Jlael GulS Ol bl aops F2 5 50 A
Lichenthaler g, solwl y JS Judg 1S oylje i (63505105 a8l dilio )3 asdly dmwsgs (slaS 0 5l Sy Ol oouss (lginmo ¢ i
(PerkinElmer, Lambda jiegd g xSl o&iws b jiogil £¥0 9 #5Y 250 Job 13 (5y9 wds awyp 5 (VAAY) Wellburn 4
b (8ol A5 0,90 Sbl 3 Sy oy o 5 Sy 2l elS glisyl Jolis 1) (gla ytolyly A5 (5, 31l 25, USA)
(Vo)) oh)Ker g Alexieva gy b Sy 59,0 deaSTy 500 9 (VAAY) )] Kens o Sairam o, 5l slie gyl (asls
33 0 Jloio s 33 (5015 9031 b xSiks glie 9 % a6 SAS I3 o3 b ol gl il ly 3 1 (5 o3l
i plo

P ot 3,8 IS O b )b o> £0 9 A+ jlow slalalS 3 a8 ol lis Sy O s slgime slaodly s g a0
(Meunier 395 0 Ol cé) an g 55 (0lS Cumw 0)l920 )3 gy b poumdin .Y Jgan s Sy Ol s gloimo il 38 cow
Conl oS U Camdy jl sl 5 St LA 4 Jood Ll oimd b Sy o o (glsie Lil3l 6t al., 2017)
(Kamiab et al., 2013) wi 5y Ol (s Slgime a3l s porunslins 353,18 35 by gy plw > (Karimi et al., 2018)
Lol ) Jgdo el Sy Ol o clgizme Gial38) 53 (655 posmndin 5,8 IS O cud o doyd Fr Loy cow alS
Zhu et al., ) asb pbl (Sis a4 Jooo lappilse 5| 50 Wl o ol opl di bis oYU mdow )3 S Ol s (slgime
AU lgen yal N Jge b Gl pgradis Y0 (oo 82,57 L b (SUiS G5 53 (S S Jdg IS (5 (2015
Loy Ar 9 £0 Hles cow LS s (Rizwan et al., 2015) sl Sy Ol s slgime iol33l 5 gulans cuwl jialS |
IS i by plol oS 5 bl > 3 Jpi ity S Sl olive Gl 35 (6565 posnlins 315 IS T o
1 phl s Sy S ibaylS olsse L s ol ol (Karimi et al., 2018) 3,ls 55 (¢ jiusid cab b Lais ;> s

N Jgd ead A5 Lyl

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



St 3 St S S Y

Sl (5 Lyl g g3 eIy US40 S S g IS 5 Of (o lgne 1 g iliie SBCAAS 51, I 1 Y Jgua

Sp S5 Jedg s Syl s (Sl oM Ol eud b
)mgg FM (%) (MM) pgnsds 300 (o)
gy fre C\V/A
Aryya/vy AFY/AF Y/o q.
By vy/Af Bya/aA )
A\ AL/YD byy/sy
Byyvee/a. 265/ Y/ £0
abyyyy vy AF5/p- )
PYAVE/ NS gy /Y
Bya- [5A By /Ay Y/ f.
AYYEADA Pyy/ay 5

L5 Sl g0l Mo yd B e 3 ()l xe gl cslie gy gyl (cla pSSle

VID 5,5 L QIS O cd )b aiops 70 Jlos s lalS )3 5 Y50 (e Do p)5 L o)y e 5 Fe Jlag cou 50 ¢l
(Mohamed i 4.3) sl yio)l Sgute o popmsls 318 55 o igsy ol 3V Joio ccdly (al8l poslis Yoo (eo
Y10 5,8 b i (St (55 50 5 ,Y50 (Lo D305 L duoyd Ar lewd cow lalS 4o pbl b5 0 Sy oluaws et al., 2015)
o Slgime 5 S Jido)lS” (il cqilipns] sl (L poslios 28X Jgia 8l Sl porls V5o (Lo 0
A5 ) g 0diS iwgid praw il 1l s Sy alas iul38l (Karimi et al., 2018) 545 o by (sl syl Sgar o S pp
28 b QIS Ol b )b so)n 0 5 A o v lalS )5 Sy oy e (AT pen)S g Slie) 29500 43 S5
(Mohamed et al., 2015) 355 0 0LS Ay 5 2y CaS a3 oo Sy 039 pdaw il (Y Jgaa) €L iol3dl posuliw
5 Ll (Karimi et al., 2018) 345 0 Sy 09 gaw (yiul3sl corge « Sy JS g )lS olie g of Gl (il b pgranliw
o (1l L (Y ) bl S oag o (i )3 (58 i 3,008 Al T Bl o3 Fr o o lalS
(Karimi et col 3,5 LialS clp (Sis a4 Jooo slap ilKa 5 yol ool ol il 331 O G pae o)8 Cal S « 5y g
5 bgiagh plo 53 a0 pbsl S (i) bm 1) Sy o (il p3lSe (Sis (o5 lalyd ) gL al., 2018)
(Karimi et al., 2018) cusl srd )55 Sis L35 15 5y oy o LialS

Sds s lyd ) bl LB ) Sy ohg e g S g olia (gl pgrdins calize glaclale 5,8 Sl -Y ol

- g ‘ . z T w ot
J))r;{;?&g?w Syl °lﬁ)scr&nu(é) IMM (p gl (320 ul,us( :j):)&ﬁ)b
Pyf/ay Pyy/.. Py V/AA .
a\q/q5 Py /vy Pay/vA Y/o q.
av. /vy asy/A a\\wy/ss o
PyY/A- Pyy/sA CAA <+ .
Wy /vy Ag /vy Pay/.. Y/o £0
a\a/AY aY/SA CAY ISV o
ayy/a. Py. /vy CQ¥/. . .
a\v/\s ayy/eA DAF/YY Yo ¥
A\/A ayy/yy 3. /sy o

505 5851 905l Mo yd B s 53 (61 dae iglds il gy gl (cla 1 Silio

358 L ae > £0 sl Gl 13 G Vge (Lo VIO 518 b ad (S8 5 Ll S ) gl US> S ()0 aeS Ty (e

3oy 1S Y Jgdor (8l il pomnlis ;Yga (Lo /0 58 50)5 b IS Ol cud b aoy3 A LS 13 5 ,Vee (Jeo 8
(Jayawardana et al., wsb ;5mST Jud (cladisS Bls 5  Sls T ldd cogis oaimd Lis Llgs oo S b )d )59,

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



Y ik 9 ) S S

32y 39 5 oMl line Gl o b 3y0lS Ll il alS (Sd 25 o Gl b S Lz gl pasla
dos oo slie (gylul (asls (L1586l 5 i eeliSTy cud el caw gy dSTy hals Y Jads s slie
dgb o slie (opdy 390 9 SLS bas Cuw ieud WSy i el b pasuadis 5,48 (Karimi et al., 2018)

.(Jayawardana et al., 2014)
2 Pl Gldp3 Sy Ll (55lul padld 9 059)d wwST Glime 52 Pgrulew Wi SBCIIE 55,5 OIS -F Jgua

S 5 Lyl
59t STy lid gylul pasls M) (g 5 o ol e b
Jumolg FM™( % ° (32,2)
3\ BEA/AY
Bey/yy AAF/Y v/a a-
bav/ey NIINY )
by /sy BA-fav
ArAIAD ANF/AQ A 50
Byy/sy DAL/ o
3yv/ay Bys/yA
Byy/av 2\0/5) ¥/o f.
ayy/ay analss o

555 Sl yge5] Ao 3 B pdaws 5D (61 ime ©gldS ciliio By oyl (sl Silio
sl 85 Sy Ol rd gliome (58] o (StS (105 bl 5 (5,05 (e 18IS g (oo lgnd 53 iges) b pgmnlies
sl oyl g sl gylul (el [l38l Camw ()59, STy lise 5 guilanS] ol LEalS 0lS )3 39390 Ol e il 381 L

3908 gk ol 5l Jole slaosls (bl 2 b pgrndins 32)8 b S 0 U5 Jidg S Glise Gl 8l o S 029 b il
A bl GlB )3 5> (SiS  Jeod g Ay S9e s posmmdins )Y g0 (oo B

F%)
5 (Pistacia vera L.) aiw cla s ()98 4 Joo 3900 sl ] &M b 51 onlizal AYAS . o 00,5 5.0 o Slipme

ol el ipsle )3 (g Glagsyslid (uililS gl (Sal (2L laee
Alexieva, V., Sergiev, I., Mapelli, S., Karanov, E. 2001. The effect of drought and ultraviolet radiation on
growth and stress markers in pea and wheat. Plant. Cell and Environment, 24(12): 1337-1344.
Jayawardana, H. Weerahewa, H. Saparamadu, M. 2014. Effect of root or foliar application of soluble silicon
on plant growth, fruit quality and anthracnose development of capsicum. Tropical Agricaltural Research,
26(1): 2-14.
Kamiab, F., Talaie, A., Khezri, M., Javanshah, A. 2013. Exogenous application of free polyamines enhances
salt tolerance of pistachio (Pistacia vera L.) seedlings. Plant Growth Regulation, 72(3): 257-268.
Karimi, S., Karami, H., Mokhtassi-Bidgoli, A., Tavallali, V., Vahdati, K. 2018. Inducing drought tolerance in
greenhouse grown Juglans regia by imposing controlled salt stress: The role of osmotic adjustment. Scientia
Horticulturae, 239: 181-192.
Meunier, J.D., Barboni, D., Anwar-ul-Haq, M., Levard, C., Chaurand, P., Vidal, V., Grauby, O., Huc, R.,
Laffont-Schwob, I., Rabier, J., Keller, C. 2017. Effect of phytoliths for mitigating water stress in durum wheat.
New Phytologist, 215(1): 229-239.
Mohamed, M.A., El-Sayed, M.A., ElI-Wahab, H.A. 2015. Response of Succary mango trees to foliar
application of silicon and boron. World Rural Observation, 7(2): 93-98.

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



(s e g (e ) (S T YVE

Rizwan, M., Ali, S., lbrahim, M., Farid, M., Adrees, M., Bharwana, S.A., Zia-ur-Rehman, M., Qayyum, M.
F., Abbas, F. 2015. Mechanisms of silicon-mediated alleviation of drought and salt stress in plants: a review.
Environmental Science and Pollution Research, 22(20): 15416-15431.

Sairam, M.R., Subbarayan, V.S.R. 1997. Characterization of the 5’ flanking region and potential control
elements of the ovine follitropin receptor gene. Molecular Reproduction and Development: Incorporating
Gamete Research, 48(4): 480-487.

Wellburn, A.R., Lichtenthaler, H. 1984. Formulae and program to determine total carotenoids and
chlorophylls an and b of leaf extracts in different solvents. In Advances in Photosynthesis Research, 9-12.

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



Tie St 9 P S AT

Effects of silicon application in almond trees nutrition on growth rate and drought

stress tolerance
Shima Mirzaeil, *Soheil Karimi2, Sasan Aliniaeifard3
1Master of science and horticultural engineering, Collage of abureihan, University of tehran, Pakdesh,
Tehran
2 Associate Professore of Horticulture, Collage of abureihan, University of tehran, Pakdesh, Tehran
3Assistant Professor of Horticulture, Collage of abureihan, University of tehran, Pakdesh, Tehran
*Corresponding: skarimi@ut.ac.ir

Abstract

Climate change and rising global temperatures have led to the spread of environmental stresses, including
drought. A large part of our country, Iran, is located in the hot and dry region of the world. Under drought
stress, growth rate decreases due to a decrease in plant water content and leaf fall and photosynthesis. This has
reduced the amount of Iranian almond production in the world. Therefore, decreases the amount of exports
and income of farmers. Optimizing plant nutrition is one of the ways to improve plant growth under abiotic
stresses. Silicon is a beneficial element that improves growth and performance under environmental stress. In
this study, the effect of application of silicon (potassium silicate) at three levels of 0, 2.5 and 5 mM in Hoagland
nutrient solution on almond trees under drought stress (90, 65 and 40% of pot water content) in three
replications and evaluated in the completely random design. Application of silicon with silicification in the
cell wall and increasing it is strength caused a decrease in transpiration and increased the relative leaf water
content. Silicon reduced oxidative damage and degraded photosynthetic pigments by reducing the amount of
hydrogen peroxide and increasing the membrane stability index. Improving the amount of water in the plant
and preserving the leaves under drought stress increased the total chlorophyll content of the leaves with the
use of silicon. Application of silicon improved the growth parameters under drought stress. According to the
data of this study, the application of 5 mM silicon increased the growth and drought tolerance in almond trees.
Keywords: Chlorophyll, Hydrogen peroxide, Leaf area, Photosynthesis, Water relations.
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