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Table 1. Characteristics of the seeds used in the current study

s 28 S Slaseln
Pinus nigra seed Characteristics
b L uS S
Seed origin Gorgan
() 53 31 i 1500
Height above sea level (m)
5 S 3 3l 53892
Number of seeds/ kg
oo e 100
Purity (%)
B D) 6.8
Relative humidity of seed (%)
ol 81
Viability (%)
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Table 2. The two-way ANOV A reuslts with nanoparticles and drought stress (as fixed factores) on

Pinus nigra seedlings

Sl e SiLe
Mean of squares .
. . o o . o Source of variation
O s o 2 S s )l Bt o3 b LSS RS
CcvV nanoparticles % drought stress ~ nanoparticles  drought stress
921 0.15 5.02" 1.18° S
Height growth
11.75 0.221s 0.09"s 0.12"¢ S o
Diameter growth
C Sy
17.93 0.13" 0.06™ 0.23™ 0 0
Root biomass
| |0l i O
15.82 214" 2.84" 441" = 05
Shoot biomass
iy d
14.98 16.85" 33.67" 75.8" 0 sk
Root length
HPYS
7.59 44.04 115.28 135.74n « ’
Survival

- *¥* and ns represents significant difference at 5% level and not significant, respectively.
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Figure 1. Mean comparison of growth indices of Pinus nigra seedlings under drought stress and
nanoparticles at level 5%. Similar letters indicate no significant differences at level 5%.
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Table 3. The two-way ANOV A reuslts with nanoparticles and drought stress (as fixed factores) on
Pinus nigra seedlings

Sla e Sle
Mean of squares

Sl kS o b S X ks G oy st R G-E Source of variation
CcvV nanoparticles X drought stress ~ Nanoparticles  drought stress
Sy s (G gies
7.66 0.71m 2.39™ 2336 Rk s
RWC (%)
g:,“_! ! ‘ P
12.98 267.56" 498.33 ™ 132.75™ e
ELI (%)
s sl ol ey
16.63 0.095™ 0.13™ 1.78™

Xylem predawn water
potential (Mpa)

Aoy 0 cla.w): Sl sre pde 5 Sols pme s 5 5 4 NS g ek —
- ** and ns represents significant difference at 5% level and not significant, respectively.

O I PRS-t IR SR TCU V) PP ICRE PR PR
Table 4. The effect of drought stress and nanoparticles on physiological indices of Pinus nigra
seedlings

o sl ol ety
Xylem predawn water

S s S by e s CHPFH i S

potential (Mpa) ELI (%) RWC (%) nanoparticles  Drought stress
-1.49+0.13 50.92+7.16¢ 86.84+2.92ab 0
-1.6140.12 56.44+7.41bc 87.44x1.55ab 10 sl ol
-1.5540.19 48.7+6.66¢ 85.67+3.83ab 30 .
-1.2620.10 42.40+4.09d 90.39+3.24a 60 Irrigation 4 days
-1.69+0.19 53.82+1.03bc 90.13+4.03a 100
1.98+0.16 73.79£3.57a 79.32+2.30b 0
-1.93+0.33 53.74+7.30bc 77.5541.50b 10 v es oL
2.120.08 64.50+7.34b 85.4645.04ab 30 I SO
-1.800.17 42.57+5.82d 84.37+4.01ab 60 Irrigation 6 days
-1.63+0.14 53.5249.20bc 86.47+2.42ab 100
2.15+0.15 75.62+9.89% 73.13%3.58¢ 0
2.1240.26 68.14+4.82ab 80.08+3.96b 10 sspita AT
2.56+0.14 69.21+7.74ab 84.79+4.43ab 30 >3 -
2.26£0.17 62.60+8.46b 81.2842.63b 60 Irrigation 8 days
-1.9740.14 62.09+7.06b 84.89+4.10ab 100

alie Gy > Ao ;5 40 Ol clg.ﬂ 05 Kb Q}Aﬂ 3l ealizal b S0l deslie diten e Sl ol 2 Sl s as0LES slael -
el s pme D pe skasolis

- The numbers represent mean + standard deviation. The results of mean comparison by Duncan’s test. Similar
letters indicate no significant differences.
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Abstract

Exploitation and use of new technologies for improving of deleterious effects of drought stress are of
great importance. An experiment was operated on Pinus nigra in order to investigate the effects of
silicon (Si0O) (SNPs) nanoparticles on declining the deleterious effects of water stress. Nanoparticles
spraying with 0, 10, 30, 60 and 100 ppm were applied every week for five months on the leaves of
seedlings irrigated based on field capacity in the intervals of 4, 6 and 8 days. Applying SiO, NPs
increased height growth, water potential, relative water content and decreased electrolyte leakage. The
increased SiO, improved aboveground biomass and root length of seedlings as affected by drought
stress. In general, it can be deduced that in this study the use of silicon nanoparticles, especially
concentrations of 60 and 100 mgr/l, induces growth and physiological activities of Pinus nigra
seedlings under drought stress.
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