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Abstract

Background and objectives: Given the low precipitation and frequent occurrence of droughts in Iran, it is crucial to devise
basic plans and identify new methods to mitigate the effects of drought on fodder production resources. Saltbush (A¢riplex
canescens (Pursh) Nutt.), extensively cultivated in Iran for desert restoration, is one such plant.

Methodology: To investigate the effects of nano-zinc oxide and its efficacy in creating resistance to drought stress on the
growth and physiological variables of one-year-old saltbush seedlings, an experiment was conducted in a completely
randomized design with four replications. The experimental treatments included seed nano priming using nano-zinc oxide
at concentrations of 0, 30, 100, 300, and 1000 mg/liter, and drought stress at four levels of field capacity: 20%, 40%, 60%,
and 80%.

Results: The results showed that as soil moisture decreased, the growth characteristics of seedlings, including the number
of branches, leaves, collar diameter growth, fresh and dry weight of aerial parts, and fresh and dry weight of roots,
decreased. The highest values of these characteristics were observed in the 80% treatment and the lowest in the 20% field
capacity. With increasing drought stress, leaf physiological characteristics such as chlorophyll a, total chlorophyll,
carotenoid, and proline increased. The investigation into the effect of nano-zinc oxide on the growth characteristics and
physiology of saltbush seedlings revealed that this nanoparticle significantly affected only chlorophyll a, total chlorophyll,
and proline. The highest amount was observed in the control seedlings, and the lowest was in the nano-zinc oxide treatment
with a concentration of 1000 mg/liter.

Conclusion: In general, due to the very insignificant effects of zinc oxide nanoparticles observed in this research, their use
to increase the resistance of saltbush to drought stress is not recommended.

Keywords: Environmental stress, field capacity, proline, seedling growth, total chlorophyll.
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Table 1. Specifications of the zinc oxide nanoparticles used in the experiment

Monoisotopic  Boiling ~ Melting Molecular Sulphated
mass point point weight assay

Crystal Crystal

True density morphology  phase

Specific Average Purity

Color . .
surface area particle size percentage

2,360 °C 1,975 °C

79.924061 Da ;"0 opy (35870 F)

Nearly

0, 3
81.37 <0.1% 5606 kg/m spherical

. Milky R .
Single white 20-60 m*g  10-30 nm 99.8 %
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Figure 1. TEM (Left) and SEM (Right) image of used zinc oxide nanoparticles
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Figure 2. Preparing the suspension of nano-zinc oxide in the four concentrations. Left to right: A) Nano-zinc
oxide powder in distilled water before preparing suspension, B) homogenizer device and C) prepared suspension
for each concentration
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Figure 3. Photographs of the nursery where the seedlings were prepared, spraying nano-zinc oxide on the
Atriplex canescens seedlings and measuring the growth variables of the seedlings
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Table 2. The results of analysis of variance for the seedlings characteristics of Atriplex canescens

Variable df MS F
2 Number of branches 3 2394 16.779™
=
@ Number of leaves 3 26896.7 26917
Fg‘) Collar diameter growth 3 2.048 5.453"
g Height growth 3 96.28 3.419°
o Number of branches 4 30.48 2.136™
§ 8 Numberof leaves 4 1729.93 17310
% g Collar diameter growth 4 0.193 0.514ns
“ Height growth 4 14.4 0.511m
o o Number of branches 12 14.9 1.045ms
S8 % Numberofleaves 12 1036.5 10377
§ g g % Collar diameter growth 12 0.266 0.709 s
Height growth 12 51.84 1.841"s
Number of branches 60 14.271
5 Number of leaves 60 999.263
Ubl Collar diameter growth 60 0.376
Height growth 60 28.157

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Figure 4. The effects of drought stress and nano-zinc oxide on the growth characteristics of Atriplex canescens

seedlings
Different letters in each chart indicate a significant difference between means (P<0.05).
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Table 3. The results of variance analysis of fresh and dry weights of aerial parts and roots of Atriplex canescens

seedlings
Variable df MS F
Shoot fresh biomass 3 71.52 3.818"
§D 4 Shoot dry biomass 3 12.92 4.536™
é’ 8 Root fresh biomass 3 127.7 4.683™
Root dry biomass 3 25.51 9.672™
o Shoot fresh biomass 4 31.15 1.663 1
g 3 Shoot dry biomass 4 4.81 1.69ms
25 Root fresh biomass 4 33.78 1.238™
Z
Root dry biomass 4 4.33 1.64"
o Shoot fresh biomass 12 6.76 0.361"
§ 8 % g Shootdry biomass 12 1.82 0.639 ™
2 % £ & Root fresh biomass 12 23.58 0.865™
X
“ Root dry biomass 12 2.2 0.835m
Shoot fresh biomass 38 18.733
§ Shoot dry biomass 38 2.848
83 Root fresh biomass 38 27.273
Root dry biomass 38 2.638

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Figure 5. The effects of drought stress and nano-zinc oxide on fresh and dry weights of aerial parts as well as

roots of Atriplex canescens seedlings
Different letters in each chart indicate a significant difference between means (P<0.05).
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Table 4. Results of analysis of variance on physiological characteristics of leaves in Atriplex canescens seedlings

Variable df MS F
Chlorophyll a 3 0.45 10.771™
g Chlorophyll b 3 0.03 0.962 s
@ Total Chlorophyll 3 0.73 8.697
S Carotenoid 3 0.132 8.917°
& Proline 3 21.13 9.723%
Relative water content 3 28.41 1.578 s
Chlorophyll a 4 0.2 4.743™
-'% Chlorophyll b 4 0.02 0.483 ™
2 Total Chlorophyll 4 0.29 3.476"
z Carotenoid 4 0.02 0.969
5 Proline 4 7.6 3.497°
Relative water content 4 12.22 0.679 s
Chlorophyll a 12 0.08 1.895m
é £ Chlorophyll b 12 0.05 1.250™
g ;E Total Chlorophyll 12 0.15 2.207°
¥ 2 Carotenoid 12 0.01 0.544
5%  Proline 12 5.1 2.346°
Relative water content 12 30.9 1.716"™
Chlorophyll a 38 0.042
Chlorophyll b 38 0.036
5 Total Chlorophyll 38 0.084
LE Carotenoid 38 0.757
Proline 38 2.173
Relative water content 38 18.005

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Figure 6. Effects of drought stress and nano-zinc oxide on chlorophyll a, chlorophyll b and total chlorophyll in

seedling leaves of Atriplex canescens
Different letters in each chart indicate a significant difference between means (P<0.05).
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Figure 7. The effects of drought stress and nano-zinc oxide on the carotenoids and proline in seedling leaves of

Atriplex canescens
Different letters in each chart indicate a significant difference between means (P<0.05).
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Figure 8. The interaction effects of field capacity and nano-zinc oxide on proline and total chlorophyll in seedling
leaves of Atriplex canescens



Y¥-0

Cupressus sempervirens Var.) cp5 s~ b
i s il sl ) s (horizontalis (Mill.) G.Don
K2 S lE

S ool ols 0t Gheen sbels U
s Slosar p b Gl (gaanslsl
a2y oS oslaw sl slaw Jols adlas 550 sl
o ol Kis s 5 slagss 5 Il sl 5 b
e ls ) i cnl b (@8l 5 )l Ay
sl p\as (Hordeum vulgare L.) s> 585 55 sa)
o2l oSl e ()l 51 olS ) ws, &S
.(Amini & Haddad, 2013) s\,

ol s by, plral 5l ol mls
om0 05 808 s a by IS slae b 5l aS s
Semy ol sme BN Ses i Gl sl
53 it Lol e (p 58 5 ot S5m0 2,0
Movahhedi .4z saslie aoyn Ae 5 Y- sly5 e b
0o o XS Hlade 2l 530 55 (Y- F) o,8a » Dehnavi
(Carthamus tinctorius L.) K58 ;5 Sas i ]
LYeve) o 5 Azimi S I s S aub 1y
s (Olea europaea L.) o 55 \bd\g (ias) o
S (S i Gl L oS s S sl 8 Sas e
e85, 2 pd g alS IS SIS pa s IS i
OB s aul B 5 55 s s oda e iy lS
2 ke S somy S 4 25 (bl e
b ol cad (S S XS i (S 05 2l
i aS ol sy Jasl ol (Guan et al., 2003)
gl 03 b IS ozt o (S o a8 S
Aasbsas ol cble il LS, xS

ot DBk 03 SaudeSIsl Jles Lol o
oS 5 aals gladlg 5o IS sa by IS Sl o iy
s saalae ) e Sbe Vers el o gl Sl
iy di, Olao alS s gy, 0L slac ble
ol &S cwl 530 0l8 s s S5 i sl Gis

F ookt ¥ il ol e s K Ol e 2

3ol 5 5 Jelse cn e O S S A

(635 e 4y A sy el LS Sba S Sl
e e i Ab sl bl gl
Al 5 85l sk alan sl 108 s 4 g
03565 5 S (ol G sy (A e S el T
o\l .(Sacidi Abueshaghi et al., 2021) s34 o IS
Ao b AS AL yadie o) e B O s el a3 c\....
‘fj Slhaws asls slaw wes gl Sas AT Hlade
5 ade, Sas 5 5 sbods s J@ ks 5 Jsb as,
SOl s b S5 sbllg 5o sl slalil
b b 5o s kel das ataS 4S5 o0 Al o (2
BE (J}L A, ) L‘”QT Al 5 2oy Yoo 2l
A e o ity 0 saalie oy Ar o)) cu b
aos fe o e B Lokl Dy 4 glae 58 Job
5l slplul Sas 55 5 Glagsy a8 Ky, 0
Yoo £o Fe A ol e b s e any,
il Jdsay wlg o 356y s as saalie uo )
il (S5 m sl b ol b5 olS O (g sime
e ol b bl aas £ sgs s LS G
Cercis ) Jsore olss)) sl az, cwb gy
iz Olg) ol Gl sl 9 4 (siliquastrum L.
Wi sl Job ani oS ol ol (30, V8 5 1Y
o S sl gy oS, CJM S 5 sl
00 b sdly & e Sleons 5 4 g b8 5 ol
.(Nourozi Haroni et al., 2017) 55 35, o\l
(Y+¥\) ol,&a 5 Saeidi Abueshaghi  iay el
o il A LSl ol 8 658 s I )
Gl I gl asle plse ) ot sy sa S5s o S
L oS w8 2ol 8 (YY) oL, 5 Imani .zl
shaw oS Job s, s ol ) Sas a5l
Slal ok bl s ol 5 el s, 5 asls
(b XNl oo a8 (Quercus brantii Lindl.)
J@ o S olaw LS (Y+14) o8 5 Naghipoor



e S G 4y gl sl 3 (55508150 L pas

ad O ol e S S Wl @b sl ol
5 oS e ulp s Pl s s (Sl S
s A5 b ol paelaed) 1S
sblle 5o S, s, aie (Amirjani er al., 2014)
20l amaS 5 a0, Ve ol b b 5o s e S
5 ol by az saslin aops Ae el oo b
L &S ws S o8 (YY) o, 5 Kordrostami
Wbl sladlg 5 S osp olade ( (Saa mn )
Al oo 31 (Robinia pseudoacacia L.)
OB ) sdal sy el lely @sames
gy Olao Kl oo Sas 1T 4 Al asie g, ke
a1 s e | oS 5T sdle 5
oS ptsy lio (Sas a5 Rl b Seeay
WFeb ad, ks s, Sy ol sl slaw Jels
s 5 sods sl clplil Sas 5 5 g
b Sns L oaaly o ool el an, Sas
i A Gl AL a8 as asie 5 IG5 8
0358 s 5 A5 5ELS (JS Ubs NS by IS Hlds
5 &S Olhosas o SISl Sl n)  Nsd o
B8 5350 ¢l oS ol olts 5 wSla 5T U 5350 58
20l ol sae Sleeds n o JS Jeds S @ Jds A
sl Gbadlg 5o e cpl Sl o it (elel Gl
AN SR WYY rjfgsl"’“ Voo Sl o L%T oS
Sl S ol ol aalomsy @l s el
sy edle o nas Ses a5 wly e S )
Seosba s wbl ssx aa; 4 oSt
boaess Yool cd b oo o bllg Sases
A ol 55 1 6a,aSIslp S Jie Ve e e les
Als g S Ak s Suis gl s Sl
Sl Ul Sl 5T a5 S ol ol SSHsba
r,—? Coity oaelsl Ll o e 5 Ll bl zzy s
55 w2l bty s &S bole 455 il oo |
5 itens bl opl 3 Wl e i ol s L5l S
SIECE | P TSR WAL P P EE S R P PP R LS

Lin & Xing,) aas &, &l oS g WS
s s cw b Gl o)l i ol 512008
Vo ol e b mhan 5o a8 ol plis 5 (595008150
ey L»f-* (oS5l glackle el 5 ao s
i A odon s JS Je S e bl
ard ol WSe o A ol S b s s e
S gl 5 i ol 5l el S el WS-
s Loy Lo els gbes b 5 goansist
el olae L
s e s Slsle 1B e badus
sas Gl 1 sl S LSl iy e
oSy byl i ionla (Navabpour et al., 2016)
bl gund GomlanSly g Bl s
Lo 55,8 iz (Amini & Haddad, 2013) auS
sdezy il i esl Lis y Sas an Jaws o
Wang et al,, ) %,ls i & i sd oSaws 5 by \S
sl s i bl e s ad e, e ol 5312012
gl i 4 A b osote Giasy s eSSl
a5l el ol Slaeas] sl s e
i SGosba on Wl BB (U85 1) s
snlie oy Yoo ey b b sl 5o S ads)S
5 ol gme Ol sy £ 5 AL CjL“ L oS o
el gl s
p-Jﬂ-u sobten pbddon (Sus rK‘-“’ 0
Wil o oS o (Sas b ablie (s 5 olS (el
Ford, ) 5 S o,lal s a4 olg o 3lse ool Al &S
o b oS slplul a5y oy 4> 51 (1984
LS, o |, cwll S bl b e ez -
03 Bloe S olsieas s g emd r‘l’-“ redke o)l
b ot ) sbay 48 o5 cns S0 Jas 58 U85
Lis 4 3 b ool s ol Jlize 1 ad S gec s
A8 o S 1 da) s o gyl e sl 5 S
Olaie Ll sl ¢l Mo Ll ((Martin et al., 1993)
Ohslo (2l Jols a8 o)1y 352y A o 00 0oz



Y.v fb)u\‘\.\l:u‘xljﬂjdiobuﬁ;ﬁﬁqﬁu

- Jiang, Y., Hua, Z., Zhao, Y., Liu, Q., Wang, F. and Zhang,
Q., 2014. The effect of carbon nanotubes on rice seed

NRIEY gw-ﬁ-va J& 55058 5 stasy Olio dsg

germination and root growth: 1207-1212. In: Zhang, T.C.,
Ouyang, P., Kaplan, S. and Skarnes, B. (Eds.).
Proceedings of the 2012 International Conference on
Applied Biotechnology (ICAB 2012). Lecture Notes in
Electrical Engineering, Vol. 250. Springer, Berlin,
Heidelberg, 1276p.

- Karami, S., Modarres Sanavy, S.A.M., Ghanehpoor, S. and

Keshavarz, H., 2016. Effect of foliar zinc application on
yield, physiological traits and seed vigor of two soybean
cultivars under water deficit. Notulae Scientia Biologicae,
8(2): 181-191.

- Kartoolinejad, D., Hosseini, S.M., Mirnia, S.Kh. and

Shayanmehr, F., 2008. The effect of mistletoe (Viscum
album L.) on four nutrient elements Mg, Zn, Mn, Na and
leaf area and weight of host trees in Hyrcanian forests.
Pajouhesh and Sazandegi, 77: 47-52 (In Persian with
English summary).

- Khot, L.R., Sankaran, S., Maja, J.M., Ehsani, R. and

Schuster, E.W., 2012. Applications of nanomaterials in
agricultural production and crop protection: a
review. Crop Protection, 35: 64-70.

- Kordrostami, F., Shirvany, A., Attarod, P. and Khoshnevis,

M., 2017. Physiological responses of Robinia
pseudoacacia seedlings to drought stress. Forest and
Wood products, 70(3): 393-400 (In Persian with English
summary).

- Lin, D. and Xing, B., 2008. Root uptake and phytotoxicity of

ZnO nanoparticles. Environmental Science and
Technology, 42 (15): 5580-5585.

- Mahdizadeh, M., Golkariyan, A. and Naseri., K.L., 2015.

The effect of soil properties on the growth of Atriplex
Atriplex canescens (Case study: desertification designs of
Omrani Gharbi of Gonabad city and Chah Goji of
Mah'velat city). Desert Ecosystem Engineering Journal,
4(8): 67-76 (In Persian with English summary).

- Martin, M., Micell, F., Morgan, J.A., Scalet, M. and Zerbi,

G., 1993. Synthesis of osmotically active substances in
winter wheat leaves as related to drought resistance of
different genotypes. Journal of Agronomy and Crop
Science, 171: 176-184.

- Molaee, S., Zolfaghari, R., Alizadeh, Z. and Fayyaz, P.,

2023. Evaluation of drought resistance in Brant's oak
(Quercus brantii Lindl.) seedlings from different seed
provenances of southern Zagros, Iran. Iranian Journal of
Forest and Poplar Research, 31(1): 27-40 (In Persian with
English summary).

- Mousavi Kani, S.T., Kartoolinejad, D., Bahrami, Z.,

Zolfaghari, A.A. and Nikouee, E., 2022. The effect of
mesoporous titanium  dioxide nanoparticles on
germination traits of black saxaul seeds (Haloxylon
aphyllum) under drought stress. Iranian Journal of Seed
Research, 9(1): 43-57 (In Persian with English summary).

- Movahhedi Dehnavi, M., 2004. Effect of foliar application

of micronutrients (zinc and manganese) on the quantitative
and qualitative yield of different autumn safflower
cultivars under drought stress in in Isfahan. Ph.D. thesis,
Faculty of Agriculture, Tarbiat Modarres University,
Tehran, Iran, 211p (In Persian with English summary).

- Naghipoor, S., Ali-Arab, A.R. and Sadai, S.E., 2019. Effects

of soil moisture content and urea fertilizer on survival,

RIS NS TO PO GN J-50 RJUR WK I WO

Dad o a5 ol pl St ans s Sas bao o

soliiwl 0590 2olio

- Amini, Z. and Haddad, R., 2013. Role of photosynthetic

pigments and antioxidant enzymes against oxidative
stress. Cellular and Molecular Research (Iranian Journal
of Biology), 26(3): 251-265 (In Persian with English
summary).

- Amirjani, M.R., Askari, M. and Askari, F., 2014. Effect of

nano zinc oxide on alkaloids, enzymatic and
antienzymatic  antioxidant  contents and  some
physiological parameters of Catharantus roseus. Journal
of Cell and Tissue, 5: 173-183.

- Arnon, A.N., 1967. Method of extraction of chlorophyll in

the plants. Agronomy Journal, 23: 112-121.

- Asadi, M., 2001. Flora of Iran, No. 38: Chenopodiaceae.

Published by Research Institute of Forests and
Rangelands, Tehran, 510p (In Persian with English
summary).

- Azimi, M., Taheri, M., Khoshzaman, T., Tokasi, M., Sohrabi,

E., Dadras, A.R. and Abdollahi, A., 2020. Investigation of
drought tolerance using metabolites and photosynthetic
characters in Zard olive (Olea Europaea L.) cultivar
plants. Iranian Journal of Soil and Water Research, 51(4):
873-883 (In Persian with English summary).

- Bates, L.S., Waldren, R.P. and Teare, 1.D., 1973. Rapid

determination of free proline for water-stress studies. Plant
and Soil, 39(1): 205-207.

- Baybordi, A. and Mamedov, G., 2010. Evaluation of

application methods efficiency of zinc and iron for canola
(Brassica napus L.). Notulae Scientia Biologicae, 2(1):
94-103.

- Ford C.W., 1984. Accumulation of low molecular weight

solutes  in  water-stressed  tropical legumes.
Phytochemistry, 23: 1007-1015.

- Golparyar, A.R., Ghanadha, M.R., Zali, A.A., Ahmadi, A.,

Harvan, E.M. and Ghasemi Pirbalooti, A., 2006. Factor
analysis of morphological and morpho-physiological traits
in bread wheat (Triticum aestivum L.) genotypes under
drought and non-drought stress conditions. Pajouhesh and
Sazandegi, 72: 52-59 (In Persian with English summary).

- Guan, B.H., Ge, Y., Fan, M.Y., Niu, X.Y., Lu, Y.J. and

Shang, J., 2003. Phenotypic plasticity of growth and
morphology in Mosla chinensis responds to diverse
relative soil water content. Acta Ecologica Sinica, 23(2):
259-263.

- Imani, H., Kartoolinejad, D., Zolfaghari, A.A. and Nikouee,

E., 2022. The effect of zinc oxide nano particles on
growth, morphological and physiological characteristics
of Persian oak (Quercus brantii Lindl.) seedlings under
drought stress. Iranian Journal of Forest, 14(3): 227-243
(In Persian with English summary).

- Jafari, M. and Tavili, A., 2014. Reclamation of Aridlands.

University of Tehran Press, Tehran, Iran, 397p (In
Persian).



o S G 4y gl sl 3 (55508150 L pas

technique with multi-walled carbon nanotubes. Journal of
Forest Science, 62(6): 269-278.

- Ritchie, S.W., Nguyen, H.T. and Halody, A.S., 1990. Leaf

water content and gas-exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science,
30: 105-111

- Saeidi Abueshaghi, Z., Pilehvar, B. and Sayedena, S.V.,

2021. Effect of drought stress on morphophysiological and
biochemical traits of purple (Cercis siliquastrum L.)
seedlings. Iranian Journal of Forest and Poplar Research,
29(1): 91-100 (In Persian with English summary).

- Sepasi, N., Taheri, A., Zamani, S.M., Jahani, M. and

Farashiani, M.E., 2022. Isolation and characterization of
Paxillus involutus (Boletales: Paxillaceac) as an
ectomycorrhizae of poplar and its effect on drought stress
in White poplar (Populus alba L.). Iranian Journal of
Forest and Poplar Research, 30(3): 211-223 (In Persian
with English summary).

- Wang, X., Han, H., Liu, X., Gu, X., Chen, K. and Lu, D.,

2012. Multi-walled carbon nanotubes can enhance root
elongation of wheat (7riticum aestivum) plants. Journal of
Nanoparticle Research, 14(6): 841.

- Yousefi, S., Kartoolinejad, D. and Naghdi, R., 2017. Effects

of priming with multi-walled carbon nanotubes on seed
physiological characteristics of Hopbush (Dodonaea
viscosa L.) under drought stress. International Journal of
Environmental Studies, 74(4): 528-539.

¥eA

growth and some physiological attributes of
Mediterranean cypress seedling. Forest and Wood
Products, 71(4): 315-324 (In Persian with English
summary).

- Narimani, H., Seyed Sharifi, R., Khalilzadeh, R. and

Aminzadeh, Gh., 2018. Effects of nano iron oxide on
yield, chlorophyll fluorescence indices and some
physiological traits of wheat (Triticum aestivum L.) under
rain fed and supplementary irrigation conditions. Iranian
Journal of Plant Biology, 10(3): 21-40 (In Persian with
English summary).

- Navabpour, S., Ramezanpour, S.S. and Mazandarani, A.,

2016. Evaluation of enzymatic and non-enzymatic defense
mechanism in response to drought stress during growth
stage in soybean. Plant Production Technology, 15(2): 39-
54 (In Persian with English summary).

- Nourozi Haroni, N., Tabari Kouchaksaraei, M. and Sadati,

S.E., 2017. Response of growth indices of Judas tree
seedling to different irrigation periods. Iranian Journal of
Forest, 8(4): 419-430 (In Persian with English summary).

- Raeesi Sadati, S.Y., Jahanbakhsh Godekahriz, S., Ebadi, A.

and Sedghi, M., 2020. Effect of zinc nano oxide foliar
application yield and physiological traits wheat under
drought stress. Scientific Journal of Crop Physiology, 12:
45-64 (In Persian with English summary).

- Rahimi, D., Kartoolinejad, D., Nourmohammadi, K. and

Naghdi, R., 2016. Increasing drought resistance of Alnus
subcordata C.A. Mey. seeds using a nano priming



