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Table 1. Basic information of research nursury of Ilam University.
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*A.A.P: Average annual precipitation; **Min.T: Minimum temperature: ***Max.T: Maximum temperature.
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Table 2. The characteristics of nanoparticles used in this study.

ke S350 Sboksl
Nano Sio, Nanostructure
Siog il J s
Chemical formula
i s
White Color
S35 PP TS
Spherical Morphology
20 nm b o3l
Particle size
210 m¥/g o g Sl
Specific surface area
99.5% oA L
Purity (%)
ol el
Germany Origin
Ol s s Ll ol &
Pasargad Novin-Tehran Bought from

A



Ol 9 (35050 Pl

OAVY) OLKes 5 s Gy 31 dsp lse
ISLE Sl 0S| 5T slag 5T (s Sesll
s 000) e 5 e e, LY
AT YT A D) L eslizd (VAAL)

o ae Ssasl 51 e ilaesls Jow 5w
Do ) esls oy Jlg ol (bl 4
Lol Ko imas 5 (B el =5 S 0l S
Sl (08 053l iy &) snbsl sl
sl e e (8 Sl il (sl S5
GLM Ll Jue i plil ANOVA & b,
Sl anlie 2, L0 Wbl as sl
slazel LB s gxe el 003l L Lajles
A el M).sc;i}&cla“): S5 (HSD)
Laosls i 5wy (gl enlinal 5,40 )\J-é\(af'
.> 3 Minitab. Ver. 16

Cou g b

sielesl glaesls Lills e 5l Jool> =l
RO RS Y LN CO U SN N
o0 Dl olad 53 opl S H 5 (S
b ya Joy ks chle lls w g s bl
JSUE 5SSty S 55,008
K PP (R R S A ME LR
S8 s S s Wi 3 o (1 Jsas)
S s Sl el ek O30
3 Sl el iy 3 D 3 A s pne

Ao S Ol el il il Ols

A

(s b e s S ol e 6l

b bl slaoladS L alie Sls oladS Ve o
KPR NGO N L RN R RS | gLl o
Ol 3 Ldd s LUK Sl 3 ,a OIS
S $ses G a3l OIS 035 0As ol
Loosl & Cole $A Sdots w5 (58 alS
L Ll s 5 s Jame oS sl ax 55 10 (gles
Lils o S Sis casby ) el ) eslal

V) 38 slos o5 b
FC=FCW-DW/DWx100 QD)

053 DW (Sl ey b b ao ;s FC 0T s a8
3 St 055 FCW o 050 5 edaSis Sl
sy el b
O3 0 IV bl 3,50 St ely3 e b
Yoor s bl age 0lS s s Six S
4 OIS S Oy glp p3Y S Olge 535 p S
IV gy S S Osy ol Bl sl i b
win Hler Sir 25 gl les dlesl i aenlous
Sl s plnil o S350 eSS
OLL s 5 Sl aelsl atan Hler Sl i A
Wals 5 Olyr S sl LSS a5l weyss
Gl 6 Soslll gl ek 5wl b xS
53 0L M 3l e s oedkd ol K3 b
Sl lesl 4 Aol ol en b
Sloo gzt L3 S faze o3 JLiils (g3,sliS
58) Jeds S plph i dals Slsl osse G555 5
(VAAG) O 5 M5 cmd o 5l A 555,08 (b

{(V407) meﬂ\ TSRS VS G- PNCH PR WY



959 4 yuild

81918 9 pole (sla i

A

s

YYAA (£) o kouss (Y1)

El

159} KON, YIM 9, G PUR 94 ] J& S[OAJ] JUBDIJIUSIS Y} SUIMOUS QT8 9SOYT, 44 ‘%
wﬁonﬂﬂq‘uﬁwaﬁﬂn_wﬂ?%%}nw% 0o € | Cor A ((F0 £ |

LR 2
J0LIg
< 9¢ 6950 96500 €081 6611°0 0000000 1000000 0000000 7909000
18:dN
el mar® < 0l #%80L°C1 %6581 #*%998'C¢E #xLL6'] *%xC000°0 *%x9000°0 *x1000°0 #*%x66C0°0
sso;s JyInoiq
0 S #x[1L°LOT #%xC86'11 #xE8Y'16€ #*%C06'81 #x0€10°0 *%£L70°0 #*x0100°0 #*x097€°0
sajonedouru w1
cec 4 #«xCCCCY *%x98€°6 #%xSE€S'ES «x897'C #%1500°0 #*%C010°0 %%C000°0 #*%x59S0°0
A<D
Ip
UOTJBLIBA JO 90IN0G ?M _% 3IN) ABM _a 3 Sw) M&M -8 3w) (43 8 3uw) (M \_A.w Sur) (w3 3 jowr n) (uroyoad ﬁ_* Swr_urur) (urojoxd | Sur, urur)
5 icsy e [[AydoioryD q 1dydosory) [1&ydosoryD 1. proudjore) deIpAY0qIe) aurjoig areprxoad [ooerenn ase[ere)
e o sée e sée q see( s Blaiab s Wepe His~ie s BhINe
SR
ono

‘DIRUDYID DIIVISI JO SHeI) [€IS0[0I1SAYd paInseawr Iy} JO AIUBLIEA JO SISA[BUY *€ J[qEL

P A= o OArD o FEECRS (o5 Drre S B

e



Ol 9 (35050 Pl

g 6; 43 ngt,, O/YV 5 V/OV XA L s
0 ke D350 38 pde Jled 3 4 olS 5

(i d)ub-)MoMuwé:}JuMJdo‘JmA

il spylS 5 Kb i puKern S
0 basgs,ls 5 foy ks bl e
B o @ fsls Ol n S iy gladlg

Ay 68 A5, 5 A Chle g5, (K A g ke D130 38 Jolie S 80ke aolie —£ J g
Table 4. Mean comparison of interaction effects among Sio, nanoparticles and drought stress on chlorophyll
and carotenoid content of Pistacia atlantica.

455558 5 des s b Jis,l8 a Jis,ls S5 e A ol
Carotenoid Chlorophyll t Chlorophyll b Chlorophyll a Stress lovels Nano levels
(mg g fw) (mg g fw) (mg g fw) (mg g'fw) (mg.L™")

Aals
2.93+0.026% 12.43+0.343° 3.10+0.007>¢ 8.99+0.056°
Control
.Je,..u -
2.91+0.017%" 11.61+0.308" 3.02:£0.002°% 8.11+0.205% > 0
Moderate
. L
1.68+0.340%" 5.26+0.089" 1.57+0.438%" 3.69+0.145" -
Severe
Aals
5.70+0.620° 20.41£1.09° 3.28+0.240*¢ 11.63+0.453b
Control
2.57+0.300%' 9.27+0.211%%* 2.37+0.157°" 6.57+0.603%" > 100
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1.07+0.016" 5.63+0.183%" 1.91+0.021%" 3.7240.411 e
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. . . . Aals
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cde b be c ML":'
3.03+A' 12.46+0.039 3.47+0.027 9.00+A
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.Je,..u -
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. . . L
2.53+0.034def 11.44+0.031% 3.41£0.007% 8.07+0.001°* -
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Mean comparison was done based on Tukey test and non-identical letters indicating a significant difference between
treatments at level of 95%.

s S A G /) 35S skl glallax
Standard error less than 0.00001 was replaced by A letter.
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Figure 1. Mean comparison of carbohydrate content in Pistacia atlantica induced by drought stress and Sio,
nanoparticle (different letters on the top of the bars indicate significant difference at P<0.05 by Tukey).
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Figure 2. Mean comparison of proline content in Pistacia atlantica induced by drought stress and Sio,
nanoparticle (different letters on the top of the bars indicate significant difference at P<0.05 by Tukey).
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Figure 3. Mean comparison of the enzyme guaiacol peroxidase activity in Pistacia atlantica induced by drought stress
and Sio, nanoparticle (different letters on the top of the bars indicate significant difference at P<0.05 by Tukey).
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Figure 4. Mean comparison of catalase activity in Pistacia atlantica induced by drought stress and Sio,
nanoparticle (different letters on the top of the bars indicate significant difference at P<0.05 by Tukey).
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Abstract

Background and Objectives: It is of importance to find drought-tolerant tree species with the aim
of reviving Zagros forests. There are no enough researches about the effect of nanoparticls on the
woody plants especially on their physiological features, while most of the researches have focused
on herbaceous and crop plants. Therefore, in the current research, we investigated the effect of nano
Sio, on wild pistachio (Pistacia atlantica subsp. mutica) seedlings to understand the plant reaction to
tension in order to find a drought-tolerant plant for rehabilitation of Zagros forests.

Materials and Methods: The experiment was a factorial experiment based on completely
randomized design with 126 seedlings, three replicates, six treatments of nano Sio, (control, 100,
300, 700, 1500, and 3000 mg.1™") for 30 days and at three levels of drought stresses (control, every
other day of irrigation; moderate, every four days of irrigation; and severe drought, with no
irrigation). At the end, the physiological characteristics of chlorophyll a, b, total, caratoneid,
carbohydrate, proline content, and antioxidant enzymes of guaiacol peroxidase and catalase were
analysed in seedlings leaves.

Results: The results showed that using nano Sio; increased different kinds of chlorophylls, caratoneid,
proline content, carbohydrate, and antioxidant enzymes under drought stress. In fact the seedlings
reacted differently to nano Sio, treatments that the highest amount of carbohydrates and catalase were
observed in 700 mg.1"; chlorophyll a, b, total and caratoneid in 3000 mg.I"', and proline and peroxidase
in 300 mg.I"". Furthermore, the different levels of drought stress reduced chlorophylls and caratoneid;
while increased soluble carbohydrates, proline, and antioxidant enzymes.

Conclusion: It can be concluded that the most physiological traits were increased under drought
stress and the Sio, nanoparticles had positive effect on traits of different types of chlorophyll and
carotenoids. Concentrations of 300, 700 and 3000 mgl" had a better effect on many of the
physiological traits than the others. Reducing chlorophylls and carotenoids and increasing
carbohydrate, proline and antioxidant enzymes are occurred in plants to tolerate the drought stress.
Due to the lack of basic information about the resistance mechanism in endemic tree species from
Zagros forests in response to nanoparticles, this study will be a great assistance to develop nano
technology in wooden plants. It is suggested to study the effect of Sio, nanoparticles for longer
periods or on some more species that could be a suitable way to find better results. These results may
lead into economical production of drought tolerant seedlings.
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