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Table 1. Soil characteristics used for different treatments
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Table 2. Results of analysis of variance of the effect of different treatments on seedling height growth
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Mean of squares  Degrees of freedom  Source of variation Variable
B
44.826 7 .
5l A
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7 448 72 Height growth
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Table 3. Comparison of the mean effect of different treatments on seedling height growth

lasles
Treatments
oS s S A
. (,..,,.15 X
7 Carbon nanitubes o el
Variable e SWIER —
BWRER .
10 25 50 75 100 - Calcium  Control

Potassium  chloride1%
nitrate1%

Ay

v_cl.éj)\ 7.901+1.059°¢  9.481+0.509°°  10.39+0.67% 12.42+0.673° 8.7+0.99°  7.27+0.83% 7.2+1.08% 5.67+0.9¢
Height
growth
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The numbers in the table show the mean + standard error, respectively. Similar letters in each row indicate no significant difference in 95%
confidence level.
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Figure 1. Images of the height status of seedlings under Carbon nanitubes 75 mg /| (A) and Control
treatment (B)
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Table 4. Results of analysis of variance of the effect of different treatments on nutrient uptake of

leaves
F Sla o Sl ERREN RS e e
Mean of squares Degrees of freedom Source of variation Variable
sles
8.823 7 .
24.260*% Treatment (ol
o .
0.364 16 sodium
Error
Dl
1.210 7
19.884* Treatment el
s .
0.061 16 Potasium
Error
)LM;
0.002 7 " o
9.012* Treatment A
e
0.001 16 Phosphorus
Error
Sl
0.004 7
7 170% Trefirjent o2 j
0.001 16 Carbon
Error
Sl
660.791 7
58.929" Trez:i‘e”t (S
11.213 16 Calcium
Error
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*: Significant at five percent probability levels.

055



AllS laors jo JSlpl sl sl Jls o S 9 S olié jolic Qi (ol )| m)ﬁ@;sudﬁsugt

B A
2 =
g~ 5 5 =<
% 2 4 % >
.5 3 o=
25 2 18
il = 1 (ST
G s 0 G, £
- 5 8
1€ & 3 8
S \
\vzl U% %00 %@ S :b .Ee°° <
T s 3
c @ c -
(3 08 o) clale (55 5 ) ke
Concentration (mg/l) Concentration (mg/l)
D C

(rﬁ%;br/>m—~5w

Calcium concentration (g / kg)

(pSAS 0 5) jand chile
Phosphorus concentration (g / kg)

G s 08 o) cale (A 02 p 8 ) clale
Concentration (mg/l) Concentration (mg/l)
E
= 025 a )
X
-~ 02 be be ¢ bc be
K 9 0.15 Cc
0.1
v, &
/i) i 0.05
\\21 % ’ A & A O o ol
» N Hp AP S
N g & T o*\\ &6\ \5@\ Czé&
L’Lo @*@é&*@&\\@
S &L &L S
- @'\\Z\q&%&q}@&&
8 &
(i 52 p 8 o) ke

Concentration (mg/l)

s CBLE 13y S S 5 A 53y D5 el S Sl U il slacale 1Y S

S S 5 peelS G el
Figure 2. Effect of different concentrations of carbon nanotubes, potassium nitrate1% and calcium
chloride1% on the concentrations of sodium, potassium, phosphorus, calcium and carbon of leaves

N1a%



fo)w‘Vb‘ﬁowggwgfwls&Ll@s

CeBlE Lol b a8 A edalie St s bl
B3 L M e 2 e S e VO 5 s
2l s (C Y JS5) dadls Sl i ol
OWSBMWQM}LgﬂfULU‘j\yb-
s 55 ol e S35 s (5o slect 1 oS 513
eeelS LSy 2l 45 (o sba 2505 5 s ds 50 0
S O3 5 s S YO 5 Sl
oS e & by el (DY JSE) A5 edalis
e Sl il gla s S sl 0LE 55 Sl
Ot S Sogb 4 i Ao )3 O e 3 ()l
dalis o3y iy Sl 53 S il

(EY JS5) 4z

S ks ols
OS] sls Ol Sl e wlbe Luills 40
oedS 5 S e pobe b LU s gols g
sl S I s s sers il slals e
el 5 pd ole e s (ol s A6 bl
Sbt s CBIE e a2 (0 Jsbr) bl
b i 36 ) s 0 S et Sl
Ol as B gljoled sled Lodals Hled
CLU ol (A VJ.{JJ) s 3y (ol e
loslas el 53 St oy Clle o8 5 sl
e R R N ol

ol gl gl S o et s (B Y SO

Sl e s il sl s g5 s -0 sis

Table 5. Results of analysis of variance of the effect of different treatments on nutrient uptake of soils

F Slay o Sl @bl a3 S ae P
Mean of squares Degrees of freedom Source of variation Variable
slesd
220.969 7
8.048" Treatment e
27.458 16 sodium
Error
L
0.201 7 o
0.851 7 Treatment ]
0.236 16 Potasium
Error
slesd
0.002 7
1873 Treatment S
' Uo
0.001 16 Phosphorus
Error
)LA-«:
0.526 7 -
3536 Treatment RS
U Carbon
0.149 16
Error
slesd
3.821 7
3576" Treatment olS
1.068 16 Calcium
Error

*: Significant at 5% probability levels; ns: non significant.
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Figure 3. Effect of different concentrations of carbon nanotubes, potassium nitrate1% and calcium
chloride1% on the concentrations of sodium, potassium, phosphorus, calcium and carbon of soil
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Abstract

Despite the widespread and growing use of nanotechnology, especially in plant science, many of the
effects and functions of nanoparticles on plant mechanisms are still unknown. The present study was
conducted to investigate the effect of carbon nanotube treatments, calcium chloride 1% and potassium
nitrate 1% on leaf nutrients and height growth of Iranian oak seedlings. This experiment was performed
in a completely randomized with three replications in the research greenhouse of Malayer University.
For this purpose, the seeds were primed in the first treatment included five levels of concentration of
carbon nanotubes (10, 25, 50, 75, 100 mg/l) for six hours, the second treatment of calcium chloride 1%
for 48 hours and the third treatment Potassium nitrate for 24 hours and control treatment (non-priming).
At the end of a six-month period, the growth rate and nutrient levels of sodium, potassium, calcium and
phosphorus, and carbon in the leaves and soil under the seedlings were measured. According to the
results, the highest concentration of soil nutrients was observed in low concentrations of nanoparticles.
Findings showed that in compared to the other treatments, the greatest effect of potassium nitrate 1%
was in increasing soil carbon. Also, the Findings showed that the amount of nutrients in the leaves
decreased with increasing concentration of carbon nanotubes. According to the results, the use of carbon
nanotubes with a concentration of 50 mg/l has good conditions in increasing the concentration of
nutrients in the leaves. Also, the use of concentrations of 50 and 75 mg/l of carbon nanotubes increases
the height growth of oak seedlings.
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