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Table 1. Characteristics of nanoparticles are used in the study.
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Table 2. Characteristics of nanoparticles are used in the study the effect of nanosilicon on hawthorn
(C. aronia) seedling.

S 3 56 S6 k=l
nano-silica Nanostructure
Si02 JL“M“ J)”’f’
Chemical formula
s K5
White Color
S S3Pshse
Amorphous Morphology
S5 031l daw s
10 -30 nm ]
Size range
180 - 270 m?/g o5 g Sl
Specific surface area
99.999% ety
Purity
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Figure 1. Scanning electron microscopy (SEM) images, The absence of nanoparticles on root epiderm

in hawthorn (C. aronia) seedlings. ((A) and (B) are shown root epidermis in control and 100 mg.L™
treatment seedling Respectively).
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Table 3. The one-way ANOVA results of growth parameters and water xylem potential in different
concentrations of nanosilica on C. aronia seedlings.

P — value F- value df sl5T a3 lis
NS S8 s
0.267 1.338 3 .
(mm) Diameter growth
NS S s
0.378 1.0433 3 .
(cm) Height growth
w
“iyy sk z
0.077" 3.848 3 £
(cm) Root length = g
. 12
) 2 4 ©
0.034" 4772 3 ~ Y 2
(mL) Root volume ); o
o
ey A 05 » 8
0.009™ 7.893 3 _ 58
(@) Root biomass N
™2
Sl Sas 05 5 S
0.226 " 1.979 3 . S
(@) Stem biomass 8
©]
NS S SKEE 05
0.110 11.787 3 .
(@) Leaf biomass
JS e 055
0.002 13.976 3 .
(9) Total biomass
— i)
| 3Ly D
[ ~ 3 —_
0.000° 27.211 3 = . L 8¢
(Mpa) xylem Water potential -:55 >
P S E
NS 6}: ;_,‘\ Wt éb::u }: g g
0.084 2.813 3 . - £a
(4 ,3) Relative water content 3 o

ez o Ol |y sl e L2 SINS 5us5) 50 gl 52 b e Gl S e ok

* and ** represents significant difference at 5% and 1% level respectively and NS represents not
significant.
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Figure 2. The effect of nanosilicon on diameter growth, height growth and root length of hawthorn
(C. aronia) seedlings.
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Figure 2. Comparison of dry weight of hawthorn (C. aronia) in response to silica nanoparticles
according to Dunnett’s T3 test in 95% confidence interval.
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Figure 3. Comparison of root dry weight and root volume of hawthorn (C. aronia) seedlings in
response to silica nanoparticles according to Dunnett’s T3 test in 95% confidence interval.
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Figure 4. The effect of nanosilica on physiological indexes and results of mean comparison of xylem
water potantial according to Dunnett’s T3 test in 95% confidence interval.
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Table 4. The effect of nanosilicon and time on gas exchange according to repeated measures ANOVA
test in hawthorn (C. aronia) seedlings.

Ty 4l Celds
transpiration

(mmol m-?s-Y (umol m-? s

stomatal conductance

S

photosynthesis rate
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Figure 5. The effect of nanosilica on photosynthesis rate and results of mean comparison between
time intervals according to Dunnett’s T3 test in 95% confidence interval. (A, B, C and D are shown
measured in first period (tenth day of testing), second period (twentieth day of testing), third period
(thirtieth day of testing) and forth period (fortieth day of testing) Respectively.
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Figure 7. The effect of nanosilica on stomatal conductance and results of mean comparison between
time intervals according to Dunnett’s T3 test in 95% confidence interval. (A, B, C and D are shown
measured in first period (tenth day of testing), second period (twentieth day of testing), third period
(thirtieth day of testing) and forth period (fortieth day of testing) Respectively.
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Abstract

Background and objectives: In order to utilize nanoparticles in plant science, basic
physiological research is required. So far, most investigations on nanoparticles effects on
plant performance have focused their attention on grasses and crops while information on
woody plants is very scarce. In this study, effect of silica nanoparticles on growth and
physiological behavior of hawthorn (Crataegus aronia L.) seedlings - one of the most
important species of Zagros habitat - was examined.

Materials and methods: a greenhouse experiment was set up following a completely
randomized design with 4 treatments and 5 replicates. The treatments included soil irrigation
with tap water (without nanoparticles) and three different concentrations of silica nanoparticles
(NPs) - 0, 10, 50 and 100 mg.I™ - every three days until reach field capacity for a total period of
45 days. Assessment of gas exchange parameters (net photosynthesis, stomatal conductance and
transpiration rate) during the experiment period as well as some physiological changes (leaf
relative water content and xylem water potential) and biomass allocation (roots, stems and
leaves) were measured at the end of experiment. Scanning electron microscopy (SEM) was used
to study the presence of hanoparticles on the root epidermis.

Results: Although nanosilica on hawthorn trees partially reduced plant water potential
(more negative), leaf relative water content was not affected by the SiO, NPs treatments.
Silica nanoparticles significantly increased the gas exchange rate during the experiment,
which finally led to an increase of plant biomass - especially of roots. Total biomass of
seedlings subjected to irrigation with 100 mg.I"* was 40% higher compared to control
plants. The evaluation of SEM images confirmed massive presence of silica nanoparticles
on root epidermical surface.

Conclusion: In general, it can be stated that silica nanoparticles improved the physiological
activity of plants, which resulted in high biomass accumulation in hawthorn seedling.
Further studies are required to understand the mechanisms behind these responses.
Genomic studies (gene and protein expression) might be considered by plant biologists as
starting point to achieve this goal.
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