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Fig. 1. TiO: foliar application on peroxidase enzyme activity



W9 sl O ale el pole o ame slo i

far

- olas Glews cow LSy asill 68 elle ylie LialS
6)9]@-? 50 Sl oo 51 codlad b ColsS sonims
it @ ol 5l 6nTol Cazr 5eST Jlb slaaiss
Heydary ) oS0 5 (o) (590> (o3a> Gl ) o
38 ol mpl Gle sl 5 (Romy et al.,2017
LS o palS Al e 40 pglis Lo Jles! 51,0 oSl

23,8 G155 ) objels

Jsle Sl 5o a0l 68 pglle @3l liee (2 %eS

Gl lls cov paslnd auSles wsys /) Lol
S (V JK8) 09 s BB Cugb, woys O
A lid sloacd GsebinSTy Gl Y sans
ol el AT (65 yalle ¢yenT b (slaadisS o]
03,15 | 5392 Gy oo pliad w31 cnl Gliee 09
Feolie sline 4y 993 o5 Cunl (Jolo slid & 25 I o
Hasanuzzaman et al., ) <ol 00,ly 25 4 olS 09

2 laSly el el ol oS olslyl (2014

[Ocontrol [ TiO2FA1% g TiO2FA3% g TiO2 FA 5%

i 5 A

o0
5 S
?E 4
—Sv
ER Y
- £2
b=
= & b
3=
¥ E

= 1 1

=

0 - :

a

50 %

Claudia et) ) )Ken g Logls oS oo &S 15 0ni) s
Chli , Sas 5 l ey, o @l, 2012
al>ye )d (SiS A aS wdl o Lo sl aies S
3 S Ol SRl el 59, Ve g F Sue 4 aalS
o5l seSlgs S5 515 b L oSy 5 55555
3l Slld 5 0355 sl 5 iz Gl G
oLS ) 35 poaigal (slgiome 9ycnlil 00,5 oo 5L g0, ol i
Sl 3 Sl R Bkl b SRl
Lol 30 2550 a3l prizan 5 posigal (gmdlrasa
I 3875 & by poigal 39800 cacls g o0ls 213
535 s Jbo)lS 5wl (sloaeal oy, ke
Sl doys +/+) o8 (Yang et al., 2006)
sl 5108 b Ji55,15 s sino sl 8 crgo pysiis
S 5 eI sloas] coled il 5 el
3 g g aezi (Abdel Latef et al., 2017) a5 5 5L

75 %
Moisture available s bl cosb,

25T (69 oglle 3T ol g2 T SgaeS sk Cond pgailind w150 il (LBl Jolona ¥ S
Fig. 2. TiO: foliar application under water deficit stress on amount of malondialdehyde enzyme

100%

bl (e la i 4 gl sla)Sgjle aloxjl
SgeeS 25 b )55l (298 Sioml it el (5 e
Wl o Joboss;® Jslome olse mors Gk 5l a5 col
2ol 4 anly slaslp g b sl Gl Lai> 4
s e S ple 0 08 O Gl sl iy
el e JsSse 03 b JT sladsse « Sis asils
loe slapll g boasy; )3 iy (s «Jslome slons
WS oo Joe Srenl laoniiSelan galiea lals
Sl ¢b b ok Jsl=e (Lokhande et al., 2010)
1) pyilis
JS2) g 5 (F JS8) Jslore slaaid (e o yiws LB
9 w5 orl e GRlBI L Gliee cplaSsls 2al3l ) (F
23l gl s BB Cash, (Al
G el slronisS el (lpiear ol g S
Slois 4 2STly 50 5 Wl oS peddplie )5 Lol

Aoy B0 Cugb, Luld o as)



Fav e 8 plendisn S SR (B9 b 09 2 peslisanaSleo Ddgl (b gl ;15U b 5e 50 Wg >

Jeloeo slaaid e iol3dl con  (Sas 15 a5 0o )8

Ll 00l Ll oLS

b Jebyet 5 (g e abulgd i cod lalS
2 el pailis aeSles $b Lt cos ol cuss
S’ (Sandhya et al., 2010) |,5e2 § Losw saslllas

sanlice 09 )b LS x L_LT{“‘> oS )" Cadbd solateds

[ control TiO2 FA1% pggTiO2 FA3% g TiO2 FA 5%

2_
a
g
F 15
1Z2
‘{)éfol_
_iSa
3z
=05
[}
wn
0

fg fg

50 %

75 % 100%

Moisture available

Jloxe SLanid e 2 O Sgaof (i i pgailind wamsSTigd 936 (bl Jplona ¥ UK
Fig. 3. TiO: foliar application under water deficit stress on amount of soluble carbohydrates

[Jcontrol [3TiO2FA1% ggTiO2FA3% pgTiO2FA5%

ooy

Proline (umole/g)

S = N W A U1 NI X
L
(]

50 %

75 % 100%
Moisture available

ol ool ucmasl (o 32 T el (A5 Cxi pauilind s g0 91 (Ll Jplono . S
Fig. 4. TiO: foliar application under water deficit stress on amount of proline

SgweS S50 a8 Pl js (Rl carge 5 e s LB
SIS 51l Joko (53520 o Jobos oo o Jolos o ]
2y B e lyieay ol St 5 5 ()59 5 oL
Jobo arwgi 5 0l; alS azl o 5 uilud)s els
Yangetal.,) o,ls jiiwgd Ceyu p oil38l 5l paulis

39 pelid wuSlgs ol doys /o b JL Jelore

O gayoyin 0,8 VEE .Sk b JlS QS)L.:-.‘T Slos
s B sl a0 Ly o 3l Jsbos pe 5
Sl Ty I &35 (ryeS @ayesie g p)S FOV (5:50ka b
(0 o) ole plad 1) weye YAIS Jolee iwljdl a5
2y bjled (oolod )0 peslid wnSlen b (S Joloxe
L ol sbne a3 asls L amlia s b 5 G2
Cugb, asy VO Lls o pgdlis wspe /0



VW9 sl O ale el pole o ame sl i

faA

Ly Jpome A Qb e (ol e o3
polis ails (5,55 cudlad o polis i |, Llede
SPGBk Sl ehoa Fisid 5 Jed9)lS Gl I8 L
Carvajal and ) \ & ¥ piecwgd 5l 59580 Jlas!
9 Jd9 kS oy j0 S%e yolie wdx 4 (Alcaraz, 1998

w8y Gl el 039 g miee w0l el s
(Carvajal et al., 1994) 555 o

[ control
800 1
700 -
600 -
500 1 ¢
400 -
300 -
200 -
100 -

def of £

Pl ois
Ear weight (g/m?)

TiO2 FA 1%

[+ ol sl=e (Morteza et al., 2015) | |Sea 4
alo o ,Slas vali b anglin ;o peuilis oSl ol asyo
Geizd @l b adl ol ol oldl asys Ve ) S5,18
Pl apnSles cdale bl aSla sl & plie o8
SV vovi NP RRGA I PRV L) IS PRV Epy PV E-
Jyaze Olime 10,5 (o) 23,50 Dlao S 1als
st S 53 5l oo VYO o o (b Lo
o5,55 (Owolade et al., 2008) o, Ken g 3Ygql lawgs

@ TiO2FA3% g TiO2 FA5%

50 %

75 % 100%
Moisture available

I 039 32 T SgaeS (il cmi pgailiod wSTg0 91U (LBl Jolmo B S
Fig. 5. TiO: foliar application under water deficit stress on ear weight

@ arg b clla g ls e glds oo LB Cusb,
Pl dmnSles b 0 )5 S Dl oo gl Slaal
"o ol Bl Bras bylyh co s Shee Gl glaieay
Ll oS ol slagts, Jlie o (93 (Rl Wl

SRl

o oly ool oljT olKizils Jlo colo b g op
J sl e el 355 allie iy sl o 2]
5 25 92ly 659l 5 e Sislae Daclews 5 5,80
wilosgai b 1) bozob nl o a5 Sl oles
Anled (g1l

Abdel Latef, A.A.H., Srivastava, A.K., Abd El-
Sadek, M.S., Kordrostami, M., Tran, L.P.,
2017. Titanium Dioxide Nanoparticles

2 Wd 5 A
SeSlss U b (LAh slone a5 ols (lis haghy onl @l
sloaid Glarsly wpl el Gl cow peslis
ot a5l (65 glle il Cdlad nalS g s o Jslme
SU onl mizen 008 G )3 50 Ol 0geS
sbsles pla o 1) oyl O35 Pl G5 Cadlys 2o
Ol ol plis geoge (pl a5 v ol asllassge
2oy [N b gl Jolome Sl oS o S5l Coe
VEE oSl b olS )T Lo o posilisd amSTigs 5ib
baslio o oS catlo |y Db 035 o @i 22 o5
9 okl Jlod e 50 poilid w160 5 ws s ¢/ Y
2o VO jled 50 gl senSlgs gl aops +f+)

&L

Improve Growth and Enhance Tolerance of
Broad bean plants under saline soil conditions.



£24 e 8 o la iy 5 I 033 5 p3liianSliss Sl 2 e il s e sl

Land Degradation and Development. 29(4),
1065-1073.

Aldesuquy, H.S., Ibraheem, F.L., Ghanem, H.E.,
2018. Comparative effects of salicylic acid
and/or trehalose on osmotic adjustment and
solutes allocation of two droughted wheat
(Triticum aestivum L.) cultivars. Advances in
Agricultural Technology and Plant Sciences.
1(1), 1-14.

Aldesuquy, H.S., Abass, M.A., Abo-Hamed,
S.A., Elhakem, A.H., 2013. Does glycine
betaine and salicylic acid ameliorate the
negative effect of drought on wheat by
regulating osmotic adjustment through solutes
accumulation? Journal of Stress Physiology
and Biochemistry. 9(3), 05-22.

Aminian, R., Paknejhad, M., Hoseini, M., 2017.
Effect of nano TiO2 on yield and yield
components of safflower under normal
irrigation conditions and limited irrigation
stress. Enviromental Stresses in Crop Sciences.
10(3), 377-390. [In Persian with English
Summary].

Azarpanah, A., Alizadeh, O., Dehghanzadeh, H.,
2013.  Investigation on proline and
carbohydrates accumulation in Zea mays L.
under water stress condition. Extreme life,
Biospeology and Asterobiology, International
Journal of the Bioflux Society. 5(1), 47-54.

Bates, L., Waldren, R.P., Teare, [.D., 1973. Rapid
determination of free proline for water-stress
studies. Plant and Soil. 39, 205-207.

Carvajal, M., Alcaraz, C.F., 1998. Why titanium
is a beneficial element for plants. Journal of
Plant Nutrition. 21(4), 655-664.

Carvajal, M., Martinez-Sanchez, F., Alcaraz, C.
F., 1994. Effect of Ti (IV) on some
physiological activity indicators of Capsicum
annuum L. plants. Horticulture Science. 69,
427-432.

Claudia Castaneda Saucedo, M., Delgado
Alvarado, D., Cordova Tellez, L., Gonzalez
Hernandez, V., Tapia-Campos, E., Santacruz
Varela, A., 2012. Changes in carbohydrate
concentration in leaves, pods and seeds of dry
bean plants under drought stress. Interciencia.
37(3), 168-175

Cook, D., Fowler, S., Fiehnand, O., Etval, A.,
2004. Prominent role for the CBF cold response
pathway in configuring the low temperature
metabolome of arabidopsis. Plant Biology. 101,
15243-8.

Dubios, M., Gilles, K.A., Hamilton, J K., Rebers,
P.A., Ith, F.S., 1956. Calorimetric method for
determination of sugars and related substances.
Analytical Chemistry. 28, 350- 356.

Fadeel, B., Pietroiusti, A., Shvedova, A., 2017.
Adverse Effects of Engineered Nanomaterials.
Exposure, Toxicology, and Impact on Human
Health. Elsevier Academic Press, New York.
Pp. 468.

Gregersen, P.L., Culetic, A., Boschian, L.,
Krupinska, K., 2013. Plant senescence and crop
productivity. Plant Molecular Biology. 82,
603-622.

Hasanuzzaman, M., Nahar, K., Gill, S.S. Fujita,
M., 2014. Drought stress responses in plants,
oxidative stress, and antioxidant defense. In:
Gill, S.S., Tuteja, N. (eds.), Climate Change
and Plant Abiotic Stress Tolerance. 18, 209-
249,

Heath, R.L. Packer, L., 1968. Photoperoxidation
in isolated chloroplasts: I. Kinetics and
stoichiometry of fatty acid peroxidation.
Archives of Biochemistry and Biophysics. 125,
189-198.

Hemeda, H.M., Klein, B.P., 1990. Effects of
naturally occurring antioxidants on peroxidase
activity of vegetable extracts. Journal of Food
Science. 55, 184-185.

Heydary Romy, R., Moaveny, P., Hoseinpour
Darvishy, H., Arefrad, M., 2017. Response of
some morpho-physiological characteristics of
borago (Borago officinalis) to nano particles of
titanium  spraying. Journal of  Crop
Ecophysiology. 10(4), 875-890. [In Persian
with English Summary].

Israr, M., Sahi, S.V., 2006. Antioxidative
responses to mercury in the cell cultures of
Sesbaniadrummondii. ~ Plant ~ Physiology
Biochemical. 44, 590-595

Jaberzadeh A., Moaveni, P., Tohidi Moghaddam,
H., Moradi, O., 2010. Investigation of the effect
of TiO, nanoparticles foliar application on
some agronomy characteristics in wheat under
drought stress. Journal of Crop Ecophysiology.
2 (4), 295-301. [In Persian with English
Summary].

Janda, T., Horvath, E., Szalai, G., Paldi, E., 2007.
Role of salicylic acid in the induction of abiotic
stress tolerance. In: Hayat, S., Ahmad, A.
(eds.), Salicylic acid: A Plant Hormone. The
Netherlands: Springer. 91-150.



AR s O il e pole 53 ame (sla s

Kamanga, R.M., Mbega, E., Ndakidemi, P.,
2018. Drought tolerance mechanisms in plants:
physiological responses associated with water
deficit stress in Solanum Ilycopersicum.
Advances in Crop Science and Technology.
6(3), 1-8.

Khalilvand Behrouzyar, E., 2017. Effect of seed
priming with ethanol, methanol, boron and
manganese on some of morphophysiological
characteristics of rapeseed (Brassica napus L.)
under water deficit stress. Journal of Crop
Ecophysiology. 11(4), 805-820. [In Persian
with English Summary].

Khater, M.S., Osman, Y.A.H., 2015. Influence of
TiO2 nanoparticles on growth, chemical
constituents and toxicity of fennel plant. Arab
Journal of Nuclear Science and Applications.
48 (4), 178-186.

Lei, Z., Su, M.Y., Wu, X.C., Qu, C.X., Chen, L.,
Huang, H., Liu, X.Q., Hong, F.S., 2008.
Antioxidant stress is promoted by Nano-
anatase in spinach chloroplasts under UV-Beta
radiation, Biological Trace Element Research.
121, 69-79

Lokhande, V.H., Nikam, T.D. Penna, S., 2010.
Biochemical, physiological and growth
changes in response to salinity in callus cultures
of Sesuvium portulacastrum L. Plant Cell,
Tissue and Organ Culture.102, 17-25.

Luxmore, B., 1990. Methods of Soil Analysis.
Part II, 3th Edition. 493-59.

Morteza, E., Moaveni, P., Morteza, T., Saemi, H.,
Joorabloo, A., 2015. Effects of TiO, (nano and
bulk) foliar application on physiological traits
and grain yield of Safflower (Carthamus
tinctorius L.). Biological Forum - An
International Journal. 7 (1), 1725-1731

Moussa, H., Abdel-Aziz, S.M., 2008.
Comparative response of drought tolerant and
drought sensitive maize genotypes to water
stress. Australian Journal of Crop Science. 1,
31-36.

Muller, B., Pantin, F., Génard, M., Turc, O.,
Freixes, S., Piques, M., Gibon, Y., 2011. Water
deficits uncouple growth from photosynthesis,
increase C content, and modify the
relationships between C and growth in sink
organs. Journal of Experimental Botany. 62,
1715-1729.

Owolade, O. F., Ogunleti, D.O., Adenekan, M.
0., 2008. Titanium dioxide affects diseases,
development and yield of edible cowpea.

Eletronic Journal of  Environmental,
Agricultural and Food Chemistry. 7(5), 2942-
2947.

Prasad, R., Kumar, W., Prasad, S., 2014.
Nanotechnology in sustainable agriculture:
present concern and future aspects. African
Journal of Biotechnology. 13 (6), 705-713.

Rosi, H., Kalyanasudaram, S., 2018. Synthesis,
characterization, structural and optical
properties of titanium-dioxide nanoparticles
using glycosmis cochinchinensis leaf extract
and its photocatalytic evaluation and
antimicrobial properties. World News of
Natural Sciences. 17, 1-15

Sairam, R.K., Srivastava, G.C., 2002. Changes in
antioxidant activity in sub-cellular fractions of
tolerant and susceptible wheat genotypes in
response to long term salt stress. Plant Science.
162, 897-904.

Sandhya, V., Ali, S.k.Z., Grover, M., Reddy,
G., Venkateswaralu, B., 2010. Effect of plant
growth promoting Pseudomonas spp. on
compatible solutes antioxidant status and plant
growth of maize under drought stress. Plant
Growth Regulation. 62, 21-30

Sekhon, B.S., 2014. Nanotechnology in agri-food
production: an overview. Nanotechnology,
Science and Applications. 4 (7), 31-53.

Shao, H.B., Chu L, Y., Wu, G., Zhang, J.H., Lu,
Z.H., Hu, Y.C., 2007. Changes of Some anti-
oxidative physiological indices under soil
water deficits among 10 wheat (Triticum
aestivum L.) genotypes at tillering stage.
Colloids and Surfaces B: Biointerfaces. 54,
143-149.

Simon, L., Balogh, A., Hajdu, F. et al., 1990.
Effect of titanium on the carbohydrate content
and phosphofructokinase activity of tomato.
In: Pais, I. (ed.), New Results in the Research
of Hardly Known Trace Elements and Their
Importance in the International Geosphere-
Biosphere Program. University of Horticultural
and Food Science. Budapest. pp. 49-84.

Wei, P., Yang, Y., Wang, F., Chen, H., 2015.
Effects of drought stress on the antioxidant
systems in three species of Diospyros L.
Horticulture Environment and Biotechnology.
56, 597— 605.

Yang, F., Hong, F.S., You, W.J., 2006.
Influences of nano-anatase TiO, on the
nitrogen metabolism of growing spinach.



a1 e 8 o la iy 5 I 033 5 p3liianSliss Sl 2 e il s e sl

Biological Trace Element Research. 110, 179— Zheng, L., Mingyu, S., Chao, L., Liang, C.,

190. Huang, H., Xiao, W., Xiaoqing, L., Tang, F.,
Zhang, X., Lei, L., Lai, J., Zhao, H., Song, W., G.ao, F., Hong, F., 2OQ7. Effe.cts of nanonatase
2018. Effects of drought stress and water TiO2 on photosynthesis of spinach chloroplast
recovery on physiological responses and gene under different light illumination. Biological
expression in maize seedlings. BMC Plant Trace Element Research. 119, 68-76.

Biology. 18 (68), 1-16.



Ls'ﬁ} @j.c >3 (5.]9_.3;.4@@..&.33

A Environmental Stresses In Crop Sciences
Vol. 13, No. 2, pp. 491-502
KN Summer 2020
University of Birjand http://dx.doi.org/10.22077/escs.2019.2012.1495
Original article

Effect of nano-TiO: foliar application on ear weight and some of biochemical
characteristics of sweet corn (Zea mays var saccharata) under water deficit stress

E. Khalilvand Behrouzyar
Assistant Prof. Department of Agronomy, Tabriz Branch, Islamic Azad University, Tabriz, Iran

Received 8 November 2018; Accepted 14 January 2019

Abstract

In order to investigate the effects of water deficit stress and nano-TiO, foliar application on ear weight
and some of biochemical characteristics in sweet corn plant, an experiment was conducted in split plot
form based on RCBD in three replications at the Research Station of the Islamic Azad University, Tabriz
Branch, during growing seasons of 2017. Treatments were water deficit stress in three levels contained:
50, 75 and 100% filed capacity (FC) (the main plot) as well as the nano-TiO- foliar application in four
levels contains: non application (control), 0.01, 0.03 and 0.05% (the sub plot). The analysis of variance
showed that the TiO, foliar application on peroxidase and interaction effect between TiO, foliar
application and water deficit stress on malondialdehyde, soluble carbohydrates, proline and ear weight
was significant (p<0.01). 0.01% nano-TiO, foliar application increased peroxidase activity but with
increasing TiO> concentration, the activity of this enzyme decreased. furthermore, 0.01% nano-TiO;
foliar application under 50% water deficit stress increased soluble carbohydrates, proline and reduced
malondialdehyde enzyme and under 100% FC irrigation as compared to the non TiO; foliar application
in 50% FC and control (non TiO; foliar application in 100% FC) increased ear yield by 38.5 and 9.7%,
respectively. Generally, 0.01% nano-TiO, foliar application under 50% FC irrigation was able to
influence the activity of enzymes associated with the reduction of stressful effects, finally, the yield of
the ear was increased in similar conditions and did not use this combination.
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