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Table 1- Nano particlesZnO properties

Weight: 100 g
Purity: 99%
APS: <30 nm
SSA: > 30 mfg?

APS: Average Particle Size,
SSA: Specific Surface Area

S oloord 5 (Sojed 4528 mls -V Jgur
Table 2- Results of soil physical and chemical properties of experimental soil

EC pH 0395 FToole prals iy 2w 73] ) Cdow %
(ds/m) N OM Ca Na Zn Clay Silt  Sand
(%) (%) (ppm)  (ppm)  (ppm) mg/kgsoily () o )
126 73  0.055 401 3.2 1.2 0.23 286 296 408




aoy ) 0 Jliol s jo s pixe g ) pae o8 s g% NS
" "and " are non- significant and significant at the 5 and 1% probability level respectively

g 3 ,Sles Sl 5 S5l pdsd e Sliogas gt 3 (59, ST L3 gl i1 - SaE 5 ST Lol YSY I
9y ST Sly,3556 0 )5 9 (69 i Co g oLS 10 sy )90 Dlho il )lg 452 -V Jgu
Table 3- Analysis of variation measure of traits in soybean plant was affected ZnO
nanoparticles under salinity stress.
30 Sy oloay GME ooy 30 &ils olasy
— ey e we SS9
P ad é.'l“" - “g &L“)‘ digy Aig 4o aig
oY B bt height Plant dry
-O.V. of Leaf per weight Pod per Seed per
plant plant pod
$I9 3 354" 144" 0.251° 236 9.26"
Salinity
592 S 93 2 12.1™ 0.164™ 0.770" 0.195™ 3.10™
Nano-Zno
597 5! 6 509 6 114 0.824° 0.417" 212" 226"
Salinityxnano
s
40 6.17 1.25 0.108 0.733 5.86
Error
CV (%) Oy gy 6.3 175 16 21.3 18.6
o, ) 5AJL°;;>\CJa~)~>)|aG;An5)bG;,uﬁ.é:—:z ns
" *and " are non- significant and significant at the 5 and 1% probability level respectively
Y Jgos aldl
Table 3- Continued
o “?»‘i Gijgy Colan s ».;'-‘":’ ‘s'sf;“ Gl el Wy s 45|...~. 39
&9l Stomata Sl sLis Seed weight
SOV - Spad
df conductivity RWC MSI per plant
$I9 3 21.3" 114" 610" 381" 0.741"
Salinity
595 | U 2 159" 251" 232" 183.4" 0.359"
Nano-Zno
597 eS| X (555 6 242" 3.83™ 474" 108.1" 0.402"
Salinityxnano
s
40 2.41 3.79 20.2 7.95 0.130
Error
CV (%) Ol S g 17.1 20.8 16.8 13.2 21.2
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Table 4- Means comparison measure traits in soybean plant under salinity stress and
application nona particles of ZnO

) 30 Sy olasy - 30 BME olawy o Al oluwy
s G glisl . Gy Sl (35 . ) Gt &l 03
Phans . g . LY g .
Tretment Plant height Dry weight of Seed weight
(cm) Leat per plant (g) Podper  Seedper  per plant (g)
plant plant pod
S1xN1 36.8bc 10.6a 2.85cde 5.44a 11.7a 2.01a
S1xN2 38.5abc 10.0ab 2.82cde 4.67ab 11.9a 2.25a
S1xN3 41.5ab 11.0a 3.66a 4.44ab 11.3a 2.05ab
S2xN1 38.0abc 9.00abc 2.54de 4.78a 9.7ab 1.76b
S2xN2 38.0ab 8.33bc 2.62de 4.84abc 12.4a 2.24a
S2xN3 40.5ab 9.33abc 3.00bcd 4.11a 11.0ab 1.99b
S3xN1 35.8bc 8.00bc 2.89bcde 3.11bc 6.01b 1.09d
S3xN2 39.7ab 9.00bc 3.51ab 4.56ab 11.4a 2.06ab
S3xN3 37.0abc 8.00c 2.94bcde 4.11abc 10.5a 1.90b
SAxN1 33.8c 5.67d 2.35e 2.55c 5.86b 1.06d
SAxXN2 35.0c 7.33c 3.28abc 4.67ab 12.1a 2.19a
SAxN3 34.0c 6.13d 2.91bcde 4.12abc 9.88ab 1.79c

PPM - - oY ao oy & N3 g NZINT ¢ s ey (w0 5710 F io (598 jlad i 5 4 4 3 S3.52.81 *
*: 81, S2, S3 and $4 are zero, 4, 6.5 and 9 dS.m'lsaIinity stress; N1, N2 and N3 are zero, 200 and 400 ZnOnano
particles.
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Figure 1- Interaction effects of salinity and Nano ZnO on: A) Spad Index, B) Stomata
Conductivity, C) Membrane Stability Index (MSl) and D) Relative Water Content (RWC).*:
Sl1, S2, S3 and $4 are zero, 4, 6.5 and 9 dS.msalinity stress; N1, N2 and N3 are zero, 200 and
400 ZnOnano particles
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Abstract

To evauate the effect of zinc oxide nanoparticles (ZnO) on morphological,
physiological and seed yield of soybean and its components under saline conditions, an
experiment a factorial experiment base on completely randomized design with three
replications was conducted at the research greenhouse of the Faculty of Agriculture,
Ferdows University of Mashhad, Iran in 2017. The first factor consisted of four levels
of salinity (0, 4, 6.5 and 9 dS.m™), and the second factor of three concentration of zinc
oxide nanoparticles (ZnO) (0, 200 and 400 ppm). The results showed that foliar
spraying 200 ppm nano-ZnO resulted in higher plant height, number of leaves and dry
shoot weight than other nano-ZnO levels (zero and 400 ppm) in 6.5 and 9 dS.m™
salinity. The highest stomatal conductance (11.2 uMH,O.m*.S%), relative water content
(83.6%) and membrane stability index (80.7%) were obtained from application 200 ppm
nano-ZnO a salinity level of 4 dS.m™. Maximum number of seeds per plant (11.4) and
seed weight per plant (2.24 g) were also recorded from 200 ppm nano-ZnO under
salinity of 4 dS.m™. At all levels of salinity stress, when enhancing concentration from
zero to 200 ppm the amount of all studied traits were increased and with increased
concentration of nano-ZnO from 200 to 400 ppm, all experimental traits were decreased
due to toxicity effect induction of nano-ZnO on plant. In general, the results showed
that sprying plant with 200 ppm zinc oxide nanoparticles improved soybean growth at
6.5 and 9 dS.m™salinity stresses.

Key words. Membrane stability index, Pod per plant, Seed weight per plant,
Stomata conduction.
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