10.22034/ijf.2022.266051.1757 :(DOI) Jlymys ausli el Sl el ol S Ao

ﬂ 20.1001.1.20086113.1401.14.3.1.1 (DOR) Jliazss awlis V)l ¥ 5o omo oz Lo
YYV-YEY o

o i o ‘;&Aj/ Wlio

2l ol (Bl (Suelsnud 9 (Buy oy Olio 11 (59, wamST Ol,3g3l 5T
Swid Wi e (Quercus brantii Lindl.)

" 95 agll g g laallgd yhol e Mol Joi oS ogls ) lest oo

Ol oo oSl ¢ pasli 58" 89Sl ¢ JSir ) pole o)) paslis IS &g il
Ol eolians olSasls ¢ paslih 58 5452l (g llSiz 05,5 bolral’
Ol epliams olStils ¢ aalih 58" 845l ¢ 150l 09,5 ledils”

c .. f e e . . YR
Olpli@,S ol s o&iils ¢ crmdb molie 5uSiils (JKm snn ) pole (6,558 (s9zmisls

OF e JAUF s Gody g YFAA/Y /Y- wdl s 2 b)

ol

Sois i s il be b sl (Siislsied 5 S5 (stngy Bhie Cho sams 55, STl b ey ol 50
aJgl (5,5 o5l ‘JHL"ﬂ E95 3 ey AllS Lal i 50 S G )8 ole 90 g Lo 4y JWI 51 gy llisgs sl Jlos 0 sy
Yegfe e Ao el)ycud by Sas s S 9¢L3u’3ol,43;)l.al5 b &by Jo,esl Uinlesl LB o s el sla T asas
b Jsle Jb 90 5l ey 28,5 plonil SIS ez 0 (Rd ppSdee Ver e g Y e e glacdale) (g9 annSTel g (000
as oy las bl ol byl g (5,8 o3lusl by Jls des ildS Layl 1 j0 Jiug, ole il 5 anlecSy Sl dlold b (g9, aunSTel b
R N APUN NSRRI A CHENCESV-SRYISCO SVIPI S VO (P SRRVEN 4 141 HICH Y RN JOV-P RS IS SUOVE IR ESRVES S PP A PR g
3550 50 Lal cacals aals b (g0 e WS U gound jloST g M}J‘—ILQ{;S‘&) AeSTel Calizes glocdale o Sas o
aaxg b S 50 o saslin g o gme OB (GlowS s JsSLE ¢ jlocS gy b ygSl YL aisle) oadiale;l slaps 31
St s9-lateds 59, eaSTol 5l ool sl o los (B 0 Sy s (KiS g sl g Jls Slio » iz 5T il
D9 gad dnogi baly sl g, g il ((Sis a4y Cuglie

o) dlad el 5 et b So3slsn e Slav (i g, (JKir bl iguadS slaelg

5 o slaalslaiy, Jolt osgican; Sas dodilo
Griogid Gad Ghals cu 5 008 o 51 5T sk Sl o5 aS 5 alS (g (SaSis s

9 9=y G8g ((SoSedn b sleald ol ke 9 S Fble Ot oy St | (S0
Bahmani et al., 2015; ) 05 o olS S5 o pll Sl olals oo g ai, 1o aS cwl Sida o
(Bahmani et al., 2018; Yousefi et al., 2017 Bahmani et al., 2015; Ercoli et al., ) s 35
Shle oS o oldlae comdse Sl 5l 039 = S i (2007; Yousefi et al., 2017

Kartooli58@semnan.ac.ir : J.! SYYYYEO00F . 1 led §,les Jgs 80 g5



YYA VEP LYYV o D) 5l ¥ 8 Lo oms ez Jlo ol S ozl eyl JSiz dloee

Cnglie Cuilys Sy olaws JralS g el gl
s i (Sas 15 plp 50 6 e

5 SipgkiS &b, 40 (ngi pole 5l (o (5 sldgl
2 Selds auiz g Ay ) glaats) 51 S
0usle> 0,363l ¢ yiagils Vo o 5l aS B3Il L Gole
Kartoolinejad et al., 2017; Rahimi et ) wy% o
sla jiagis (al., 2016; Yousefi et al., 2017
Slags oyl A5 ams o lid olgesili 8L ,0 alnds
aals plalS s it by Cglhs 56wl s
g o=dy it Jolye @it g4 4 az g b a5 ansl
Rahimi et al., 2016; ) <l oglate ¢ cale
&l B ,aen S ,olic (Yousefi et al., 2017
Sosban wls 5o lié ol el Glals
O3z @SS o) plald o, Sles g 0l a5
Wl zlge olis il a8 b a8 Sal oS>
g caddiS Ul ppo paie z 3loes o Srals
Pl 1 59y 9eST Bls oo 50l (g0 5 138 (ol
Cin ) S (855 i o pmi] (o255 S 0
aS Sl (LS 0l 6l 5590 SraneS jaie
sle i 4 plals Coeglin 1o (63l sl ]
Hosseini et al., 2008; ) sls cus; g oe
ol 9908 a5 9564y  Kartoolinejad et al., 2008
S bl o ile pgee oy i el
S eeS 52)5 GlS Grdend l3g s
Prasad et al., ) oas o zalS |, RNA sDNA
&3y oSyl diie) ;o alise Sliios (1984
G5 s e adez ol 5 a5 sl 4285 ploxi]
Ricinus ) > ,S oLS ,o Esparham et al. (2017)
Sls ylas sl e gl .o a1, (communis L.
o oS glacdale (o 59, alSTel sl eolaul aS
Dgdon S oS wd; g Sialer Sy I
S9y S Tleil oy slacble 0 aS S0 o
Ay 00yl 5l gad e cdeas (ZNO)
et al. (2010) Ly (5,550 Lupgis o,k oS
2L lea s 5l golass o LOpez-Moreno

5 St gladlate 5 ol oo a il Loz
U STy sl S sl on ot 4 St aos
515250l haws (ol el S cbli> )5 ot
iy ailiabie o)g el iyl eloizl —golazdl Jolss
Jolse eylnd] pains ey asile ciliee Yo
55 il sla FouSis da g lon 5 BT (ool
Sk )3 45 Wngn £985 4 ST sla S
Gl 00l i Lz 0 (g0l as 3bl s
(Hamzehpour et al., 2011)
g (500 feS 5 (n e ook sla S
LS Seos sla iz 5,05 50 &5 Wl STy (SR
el bl 3555 aloas 5,20 (Xerophyte)
(Quercus brantii L.; Syn: Quercus persica L.)
o (S e @3S Ve e el ey g Lo b
LA o 5o 5l &5 el (Fagaceae) il 6,.5
Somany oSy Sl iz o olpl (SR (50
(Jazireie & Ebrahimi Rastaghi, 2003; o1
eS| oy g a3sS p] Shariat et al., 2019)
Ulghs 5,0 31 g 0,0 bols slodiss iz b o1,
sloliwg, ooz Slels)| L ()8 gloml)3 50
o083l b Gl el &g Lz 5 il
4555 (Azim Nejad et al.,, 2021) o,ls i uS
S sy Sllasil 5l boly glo aisS ;o0 ) Connd 050
245 (ggmudn (el Jloy55 5 (65t (S38lsS ]
S5 0SS Lult 0 9 i s S
O sk, 5 el posil Sgd oo e s>y
35 o 55w i S sl S o g el oS
Lol cebsla> 4 wb ol plo (Panahi et al., 2009)
Thw do 2 7r oS Sl e &g5 (ul 35S
Srbn dz g s o S | bl ol e
,» Sisakhtnejad et al. (2016) b gl .0g

Jsss 9 (Quercus brantii L.) Iyl bl 4565 40
Lyl & o a5 ols ;Las (Quercus libani Oliv.)

Joess 8iss 4y S Sl bl &65 o S o



Sl bk sl (Seilpsed 5 i wisen Slao 1 53, T S35k sl YYa

VA» Jladedn oo, Ve (oelyy cadil o (puiom
2 5 89y deeSTgil Jodoe ol aulie (s g
GYer e o glacc bl U e gl gy
(Wang et al., o a5 ,=d o o5 Lo Ve v e
WU Ll s g, e i 3 ey 2012)
S50 58 9 () (g, AliSe Sho saze
Lol S ST slam 3T 55 5 b s 5o

2 )l s s pSeslal Sl

o295 1] dgasd

(ZnO) (595 ST 153930 At s
Gyl o eaSoslatwl (59, wnST5il

US Research oL S0l cS, & Jy—axe

a_S 54— Nanomaterials Inc (Houston, USA)
el el 00l 253 Jgos 0 o] Glasie
S5y SaeST55l XRD 5505 ol yennas SEM 4 TEM
el oo ooy Ll VS o saldeslat]
Lo g aisn, yhaie OF 50 (59, uSTgil 05
Feog s Vo) Sl 2l 5o 5l ool
CBleiSs slalby Lo wids V0 Doy (525l
SYer e e slaclile U g5, apnST &l 35k
PR RPN PP W PPS
ol b g Cmgi 99 30 S (59, ondiangs bolegil
Lol sl gl 085 g0 ol S Sl
S ygmods OIS a0 (sl slocug )0 s5lus
olasa e, S FYO: 555 L s alie Sl s
AW= FCPWP dslre 4 d > g5 b 35 oaoslazuwl
okl LB ST AW doles oyl 40 45 el Cassas
sl PWP 5 ool cd)ls o S gl FC
Csb) Grigred (Ll @l (Soyefy dbad o S
S oslizl Ly FC lgsay Yo kPa LjiSe o S
L PWP d ki g oS SLs dbges 10 yegeudls
Po—ae 2z o) b (D sloodls f ool
Slosliiwl Ly s (slyy cadyls jo cusb, 9 o0l
&l s yeend RETC &by e 45055 Joo

30 69,y SenSTeil 3l oolawl a5 ols ylid gl gol
5 Sl olsgS g ol malsS cow ol adale
ol ‘Q] donis )0 S 0gd o lraiy ) ol (sloged
Sla ] 5oz )3 99290 (a9 Lok slaaisS Coenl
455 Canglie d> poi Ban b udsd pl oo ST
30 S=iS G aligee polaw a Sl be b
el (59, amnSTgil 0l ¢ Jawgio (o8 slacdale
‘5‘>).: as w‘ 003.3 Q"‘ 5...9.7.) 5 3.....0)3 éﬁ‘j )Q UB;
o=l A g i oLS ol (Sis 4y Cwgliae i3l
Sl (Soisde b o (Slld (piug, lao (jelaie

b gy abesl cnl a3 o)

o g, 9 olge
5 o sl (gdos (nl sl sk
e glis 5 ok b5 51 sl sl (L, SLls
Ol 5l Sz s8 (Seimdly sl plals &0
4—39&74 ’"“C . QL‘—W)-@‘JS A:Jl "”" - }J)A
yo—baiedy adad eols Jlasl e b s
oilagl e alsmsoT Ll b o g (5,05 e
o 6Ll 5 cdlye Sl ole 90 oy b Jls
i sl Yol el 575 5 3 o
dile dag) Loyl )l sy, wSTel g (Sis
slaw ( Sis gloS o slaws S S slaws
=S, sledarin ;0 Jhols Wl S,
o 5 Jl e L L el s Jl
Cgs o ‘_g)L:.J Al (g S ojla] ol glrasls
et L) (el cdyb bl g 05,40
i i | o (sl 5 (sl (K25 25
g ez o 2l ced b so s el 6l
Aev JododasaoyoAe <l es,b s
v Jadeas s elyacdb v ow

YVe Jadoan ooy ¥ ey g b o cwow



Y- VEP LYYV o D) 5l ¥ 8 Lo oms ez Jlo ol S ozl eyl JSiz dloee

ez oless ol ad>ye 90 p0 285 plowl gL
et s laiedy szt MalS Ll 5 3 5, diges
b oyl oBtlojl @y i g L5 0550 slags 5l

iabeyT 5o saeslaiwl (g9, sunSTeil Slasin -\ Jgax

9 L 94 azg bl S gy dw o lalals
AJ)L_’>| Q)ﬁmd..g 4-17)" u‘Jﬂ‘ )‘ o= o..\..fao.:.:.ﬁ )L\.B.n
g o 40 Lt S e ol (mals) (B (5

Table 1. Characteristics of Zinc Oxide nano particles used in this study
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Purity
Particle Size
Special Surface Area
Color
Crystal phase
Crystal Morphology
Density
Sulphated assay
Molecular Weight
Melting Point
Boiling Point
Monoisotopic Mass

99.8%

10-30 nm
20-60 m%/g
milky white

single
nearly spherical
5606 kg/m®
<0.1%
81.37
1,975° C (3,587° F)
2,360° C (4,280° F)
79.924061 Da

SEM HV: 15.0 kV WD: 9.46 mm
View field: 1.38 pm Det: InBeam SE 200 nm
SEM MAG: 150 kx

Intensity[a.u.]

_
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Figure 1. Up: SEM and TEM images; Down: XRD graph of Zinc Oxide nano particles used in the study (10-30

nm, Z-Average=20 nm)
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Table 2. The results of ANOVA for growth characteristics of leaf

Growth characteristics i, slo 555 df Ms F Sig.
S ,» JS slass Total leaf No. 3 404.28 1.99 0.13"™
S A o3 Wl s S,y sluss Old healthy leaves No. 3 936.42 29.09 0.000™
s b elul s 256 550 slacS, sluss Leaves with nano blight No. 3 248.81 5.64 0.020"
= oasSis slaS  slaws Dried leaves No. 3 794.25 41.06 0.000™
Drought stress a0 sbS y slass New leaves No. 3 547.65 5.58 0.020"
based on field ) . o
capacity ols sanas, Freshness ranking 3 2.03 15.25 0.000
WJls sbeF,y ww,s Healthy leaves (%) 3 7586.79 12.63 0.000”
S, JS slaws Total leaf No. 4 101.04 0.50 0.74™
oo o slacS y, slass Old healthy leaves No. 4 122.61 3.82 0.08 ™
5, Slsl o9l aSJ sla S, sluss Leaves with nano blight No. 4 757.66 17.19 0.000”
Zinc Oxide oasSis slS y slass Dried leaves No. 4 24.20 1.25 0.30"™
Nano Particles Lo glas,, slas New leaves No. 4 236.08 241 0.06 ™
2ol sanas, Freshness ranking 4 0.22 1.64 0.18™
ol oS,y aw o Healthy leaves (%) 4 554.03 0.92 0.46"™
S » JS olaws Total leaf No. 12 169.77 0.83 0.62"™
o3 ol slaS ), slaws Old healthy leaves No. 12 114.20 3.56 0.010"
S X il 5L 4 sl y slaws Leaves with nano blight No. 12 8251 1.67 0.057 ™
Drowgr?tosxtress oasSis oS,y slaws Dried leaves No. 12 37.68 1.95 0.046:*
wax sl olaas New leaves No. 12 247.03 2.52 0.009
2ol sanas, Freshness ranking 12 0.25 1.89 0.054 ™
oJls sleF,y ww,s Healthy leaves (%) 12 194152 3.23 0.001™

&kl o e M| 50 NS 00,0 O zrhas ;0 S5 ire st g oy ) mlaws jo o iae
**: Significant level in 1%;* significant level in 5%; ns: not significant.
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Figure 2. Right: the creation of blight caused by foliar spraying of zinc oxide nano particles in the early days; Left: the
combination of blight caused by high concentrations of zinc oxide nano particles and high drought stress
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Figure 3. Results of drought stress (based on Fc) and zinc oxide nano particles effect on growth characteristics of
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Table 3. Results of ANOVA for qualitative characteristics of Persian oak leaves and seedlings

=5 sla 554 Qualitative characteristics df ms F Sig.
N Jks Jsb o5, Longitudinal growth of seedlings 3 84.40 7.27 0.000
“’SM} u:‘ Jls s ks o, Diameter growth of seedlings 3 57.20 69.72 0.000
e “’” ” 45Ls slas No. of branch 3 7.15 299 0038"
Droug;t’; ress <5, slaws No. of leaves 3 28388 157 021"
based on field S Jsb Leaf length 3 0.60 0.51 0.68"™
capacity 5 slige Leaf width 3 0.25 0.86 047"
Jls Jsb s, Longitudinal growth of seedlings 4 6.76 0.58 0.68™
Jks s ,ké wi, Diameter growth of seedlings 4 1.29 1.57 0197
95 Syl 4L slaws No. of branch 4 1.91 0.80 0.53™
Zincpoaﬁiiilees'\‘ano 5 2 olass No. of leaves 4 7977 0.44 0.78"
5, Jsb Leaf length 4 0.17 0.14 097™
S 5y sl Leaf width 4 0.24 0.82 0.52"™
Jks Jsb i, Longitudinal growth of seedlings 12 10.04 0.87 059"
Jls s ks o5, Diameter growth of seedlings 12 1.58 1.93 0.043"
S X gl 4L slaws No. of branch 12 1.85 0.77 068"
Drosgr?to;ress 5 slass No. of leaves 12 13306  0.74 0.71"™
S, Jsb Leaf length 12 1.98 1.66 0.10™
5 slig, Leaf width 12 0.62 2.15 0.26™

6)@1 S sire BB aas s (e )3 O e jo o st a0 ) e o lo e e

**: Significant level in 1%; * significant level in 5%; ns: not significant.
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Abstract

In this study, the effect of zinc oxide nano particle (ZnO) on 18 different growth, morphological and
physiological characteristics of Persian oak (Quercus brantii L.) seedlings was investigated under
drought stress. Before doing the experiment, initial characteristics of the two-year-old seedlings were
measured after transferring them to Semnan and passing two months for stabilization in the
greenhouse condition. Statistical analysis were performed with a completely randomized design under
a factorial experiment using two factors of drought stress (field capacity 80%, 60%, 40% and 20%)
and zinc nano oxide (concentrations 0, 30, 100, 300 and 1000 mg/l) with four replications. After twice
spraying with zinc nano oxide with one-month interval and growing in greenhouse conditions for 6
months, all seedlings were measured and reassessed. The results showed that with increasing drought
stress and nano oxide concentration, the number and longitudinal growth of leaves, height and
diameter growth of seedlings and the number of seedling branches decreased, while the number of
leaves and percentage of nano blight and the number of dried leaves increased. The best treatment in
terms of growth and qualitative traits was related to the combination of irrigation with 40% of field
capacity along with a concentration of 30 mg/l zinc nano oxide. The results also showed that only
superoxide dismutase enzyme had a significant difference compared to the control with increasing
drought stress at different concentrations of zinc nano oxide; however no significant difference was
observed throughout other tested enzymes (catalase, ascorbate peroxidase and guaiacol peroxidase).
Overall, due to the lack of prominent effect on seedling characteristics and creating the scorching spots
on the leaf surface in some treatments, the use of zinc nano oxide is not recommended to improve the
drought resistance, establishment and growth of oak seedlings.

Keywords: Forest restoration, enzyme activity, physiological traits, field capacity, seedling growth.

*Corresponding author Email: Kartooli58@semnan.ac.ir. Tel: +982333655560


mailto:Kartooli58@semnan.ac.ir

