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Table 1- Mean sguares and significant levels under different titanium treatments and usage
stage for morphological traits of Borago

(MS) @lay yo 5Kk
Syt 2ileo 2 e P i Sl 39 B 39
SOV &3 asls Sy Sy F i Gy gl Sl
df Flowers Leaf dry Leaf weight Plant height Flowers
weight weight dry weight
A 3 727.10™ 33.35™ 881.18™ 474" 487.48™
Replicate
Rcand Ot 543.50™ 506.29" 679.13™ 4659 470.38"™
Titanium treatments
Sras ploj 2 1685.81™  983.15" 1745.08" 51.39" 3403.74"
Usage stage
Sl "_"‘" 6 1147.63"™ 221.03" 1286.44"" 13.71° 156.69™
Interaction
s 33 682.76 4555 35871 5.24 265.61
Error
(2,) Syl o 00 6.68 11.02 10.72 454 1155
CV (%)

ns, *, **: Non significant and significant at 5% and 1% levels of probability respectively.

Y Jgus aslol
Table 1- Continued

s i 4o M) Slorye e8iee
SoVv T a5 5 il 55 58 Se 5 0l G S 359
df Stem weight Stem dry weight Total pLant Total pl aﬂt dry
weight weight
A5 3 172.56"™ 576.75"™ 278321"™ 506.80™
Replicate
ol glaolad 3 544,44™ 700.32" 498.93"™ 4769.77"
Titanium treatments
S rae ol 2 1119.31™ 1310.36" 11959.64° 13205.98"
Usage stage
Jlazo "_"‘" ! 6 5635.50"" 1065.99° 9674.77" 2333.19"
Interaction
s 33 540.76 331.92 3462.62 842.49
Error
(222) Syl g 50 552 11.71 5.82 8.08
CV (%)

Do sire e NS /Y 50 Jiol mhaw o )

ns, *, **: Non significant and significant at 5% and 1% levels of probability, respectively.
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Table 2- Mean comparison interaction of different titanium treatments and usage stage for
morphol ogical traits of Borago

. s | 5 o
PR SS (439 Sl s SS (439 &“ 7 JS)‘ 03 S (439
Lo & paao 3o 2P 039 &y e ¥ Gi9 Wl &g g Sy S
Treatments  Usage stage Ledf Leat dr XM Semd Pant Pant — pantd
weight (g) A Ay weight (g) emdy  height  weight ant dry
weight (g) weight (g) (cm) (cm) weight (g)
2 f-b 166.25°¢ 55.66™ 430.80%°  152.80™  47.50°  993.25%* 354.00%
4-5 |esf stage
ol <® “‘1’ 213.73 74.332 467.00° 179.12%®  50.00* 1087.50*  402.05®
5 o Flowering
#7 s 31z 39,10
Titanium 5
< 175.25°¢ 79.502 385.33% 15252  5375% 95866 406.33%
15 days after
flowering
wlyd gl 2 F-b 156.75° 5350  41250%  137.00¢ 51.66°  953.33¢ 317.37°
oo o 4-5 |eaf stage
pouiling pals
Jolo) i 172.00°¢ 51.33°¢ 392.00%  14866%  51.25®  1006.6%° 325.00¢
e Flowering
Nanoparti 3o 59510
clesof XV S ab b abe abc a ab a
titanium 207.50 64.00 431.00 175.00 56.25*°  1058.25 414.12
o 15 days after
% 0.01 flowering
wlyd ol o2 f-0 166.25°¢ 59.00 42375%  147.00®  47.50°  994.00%° 340.00°
o 4-5 |eaf stage
pouiling E
ooy &S 160.00° 49.33¢ 420.00%¢ 14367  50.00°  995.66% 325.00
e Flowering
Nanoparti 31w 39,90
clesof ¢
o ol 174.75° 60.00™ 427.00™  146.00% 51.25% 1025.07*  358.66°°
titanium
0 15 days after
% 0.03 flowering
wlyd ol o nf-0 170.00° 57.75" 43250% 15233  47.75°  977.50% 350.00
I 4-5 |esf stage
P guiling 5
oot S 175.50° 52.50° 366.00° 145.00¢  50.00* 1000.00**  325.00¢
el Flowering
Nanoparti 3o 59510
clesof vy bc ab a c a abc
titanium 181.50 77.50° 462.50 187.33 49.50 1076.25 388.66
0 15 days after
% 0.05 flowering

25,05l ire WSO Jleim] mhans j0 (Sls glarals wiz 5051 Billae (gm0 50 S i By > ol sla il
Difference Means followed by similar latters in each column are not significant at the 5% level of probability,
According to Duncan’s Multiple Range Test.
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Figure 1- Flowers dry weight for different usage stage of titanium treatments of Borago
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Table 3- Mean squares and significant levels under different titanium treatments and usage
stage for antioxidant enzymes and mal ondial dehyde content of Borago
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df MDA Y peroxidase CAT dismutase
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Pl slasled 3 307.37" 55.31"™ 323.33™ 14904.03"
Titanium treatments
Spao plos 2 554.39" 631.13" 4204.61" 661110.98"
Usage stage
Jlizo ol 51 6 69.17"™ 450.63" 956.70°" 128088.29"
Interaction
e 33 41.77 36.74 278.36 5038.34
Error
CV (%) &y g 9.79 7.57 15.95 5.44
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ns, *, **: non significant and significant at 5% and 1% levels of probability respectively.
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Table 2- Mean comparison interaction of different titanium treatments and usage stage for
antioxidant enzymes and mal ondial dehyde content of Borago.
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Difference means followed by similar latters in aach column are not significant at the 5% level of

probability, According to Duncan’s Multiple Range Test.
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Abstract

Brago is an important medicinal plant. This study, thus, was conducted with
different levels of nano particles of titanium (0.01, 0.03 and 0.05%) and elementd
titanium on its different growth stages (4-5 leaf, flowering and after flowering) with
four replications in a factorial experiment based on randomized complete block design
at the Agricultura Field of Rement Village of Babol, Mazandaran, Iran, in 2012.
Results showed that there were a significant differences between treatments of titanium,
time of treatments and between their interactions. Among the traits under study, leaf
fresh weight, leaf dry weight, stem fresh weigh at 1% and plant hight, stem dry weight,
total plant fresh weight and total plant dry weight at %5 levels of probabilities showed
significant differences for their interaction between different treatments of titanium and
different stage of development. The highest plant height, leaf dry weight and plant fresh
weight and plant dry weight were produced when nano particles of titanium applied
after flowering stage. Where as, the highest fresh leaf, fresh stem weight and total plant
fresh weights were obtained when plants treated with titanium at flowering stage. On
the other hand, dry weight of flowering branches showed significant negative
correlation with GPX antioxidant enzyme. The lowest GPX antioxidant enzyme was
produced when nano particles of titanium were applied after flowering stage at 0.01%
probability level. As a whole, the results of this experiment suggest that there are
significant differences among titanium treatments when they are applied at different
growth stages of this plant. This study also showed that application of nano particles of
titanium after flowering of this plant increased its flowering branches.

Key words: Antioxidant enzymes, Borago, Malondialdehyde, Morphological traits,
Nano particles of titanium.
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