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Table 1. Physochemical properties of soils culture.
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Fig 1. Image of XRD Patrren of Titanium dioxide (TiO2-NPs) by using a X-ray diffractometer
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Table 2. Characteristics of Titanium dioxide nanoparticles (TiO2-NPs).
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Crystalline mean size  Crystalline phase  Surface area True density Bulk density  Molecular weight
(nm) Tetragonal (m?2.g) (g.cm™) (g.cm™) (g-mol)
13 B 200-240 391 391 79.9
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Fig. 2. Image of Titanium dioxide nanoparticles (TiO2-NPs) prepared by transmission electron microscope (TEM).
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Table 3. Mean squars, source of variation and degree freedom of morphologic chracteristics of chickpea under different

concentration of TiO2-NPs and drought stress.

Source of varation

Nanoparticles FCxTiO2
Field TiOx(TiO>-NPs)  (TiO2-NPs, CV%

capacity(FC) a8 0,593 x 053956 Erorr oyl

=) cad b poilid sEhicad,b b Lol
df ol axye 2 4 8 30
Spad Judouls asls 262" 26.0" 2.68" 0441  2.62
Conductive stoma Ajg) Colan 222 50.7" 4.04" 1.53 8.8
Potential osmotic ol Jumily  1.049™ 0.046™ 0.012™ 0.002 5.02
Plant highet ag glas,yl 148™ 4.78" 1.17™ 4.93 7.05
Number of leaves S olaxi 49.9™ 8.39™ 1.49" 0.531 4.86
Leaves area Spabw 277227 15355™ 2353 213 3.3
Dry Leaf weight Syl gy 0118 0.036™ 0.003™ 0.0009 8.43
Dry stem weight Wl Sz (339 0.070™ 0.021™ 0.009™ 0.0003 7.07
Leaf/shoot a8l Sy cas  0.040™ 0.059™ 0.100™ 0.004 5.045
Dry shoot weight  o1ls pluil JS Sl 39 0.037 0.011™ 0.019™ 0.0015 6.41
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Ns, * and **: non-significant,significant at 5% and 1% level of probability, respectively
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Table 4. Effect of different concentrations of TiO2-NPs on relative chlorophyll content, stoma conductivity, osmotic
potential, high stem, leaf number and leaf area under different field capacity.

b S5 0,593l iy gwsyl
) powilisd l39) caulus & ol g Spolas
Field Nanoparticles by lS sl Stomatal Osmotic Plant  Number of S b
capacity Titanium dioxide Spad conductance potential highet leaves Leaf area
(%) (mg) Mmol.m™s Mpa cm cm.plant’!
0 28.0% 16.8% 0.50" 33.4% 16.5% 561%
5 27.7>¢ 16.5% 0.66 34,52 16.1%4 5728
90 10 28.7° 16.6 0.78°f 36.4* 16.3%¢ 555b¢
20 33.22 23.5% 0.65% 35.8% 19.12 602°
40 27.45¢ 15.40d 0.56% 34,52 15.0>f 4974
26.0°f 12,741 0.90% 29.6* 15.0>f 506¢
25.74¢ 13.7¢¢ 0.97¢¢ 312 15.5%¢ 513
60 10 25.6%¢ 15.0%¢ 1.01%¢ 312 14.3¢¢ 480¢
20 27.6>¢ 18.3° 0.82°¢ 31.8% 16.7° 4724
40 25.41¢ 11.3%¢ 1.01%¢ 30.6* 15.15F 414¢
18.81 9.5% 1.05b 28.4% 13.0th 279"
20.3Mi 9.3f 1.25% 29.12 12.0" 288f
40 10 21.4h 10.7¢°¢ 1.20* 30* 13.3fh 310°
20 23.9¢ 12.24¢ 1.13% 28.1* 14.14h 377¢
40 19.3 8.6¢8 1.13% 28.3% 12.6% 207¢
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Mean with common letter(s) in each column are not statictically significant at 5% probability levels.
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Fig. 3. Effect of diffrent moisture regimes on plant hight
of chickpea.
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Table 5. Effect of different concentrations of TiO2-NPs on leaf dry weight, stem dry weight, leaf/shoot and shoot dry

weight of chickpea under different field capacity.

3 il gl w5 05350 Bl Kb gyy M TR
Field NanoparticlesTitanium < <=5 039 Stem dry Bl o pll IS )39
capacity dioxide Leaf dry weight weight Leaf/Shoot Shoot dry weight
(%) (mg) (& (& (&
0 0.38% 0.29% 1.32¢¢ 0.67¢¢
5 0.42b 0.28" 1.492 0.70%¢
90 10 0.49% 0.32° 1.62% 0.81°
20 0.58* 0.54* 1.07¢ 1.132
40 0.38¢ 0.28% 1.24¢f 0.66%¢
0.30%¢ 0.27% 1.14°¢ 0.58°f
0.32¢4f1 0.26>¢ 1.20¢4¢ 0.5941
60 10 0.38% 0.26>¢ 1.38 b 0.65¢¢
20 0.44b¢ 0.29%¢ 1.46%¢ 0.74%
40 0.28%¢ 0.26>¢ 1.10% 0.56%¢
0.241% 0.19¢f 1.214¢ 0.43"
0.23¢8 0.17f 1.30¢¢ 0.40"
40 10 0.25% 0.20¢f 1.224¢ 0.45¢h
20 0.36¢ 0.24¢¢ 1.55% 0.614f
40 0.30%¢ 0.21¢f 1.32¢¢ 0.51fh

Al gyl e B wo o iy et mhaw jo Cias ja o alie By, sl sl Sl
Mean with common letter(s) in each column are not statictically significant at 5% probability levels.
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Table 6. Mean squars, source of variation and and degree freedom of root chracteristics of chickpea under different
concentration of TiO2-NPs and drought stress.

Job ggome o] x> SS 0
_ ) Al y yl8 e S) A ) )
Pl <aa sl Total length Root Root Root Root dry
Source of variation df root diameter area volume weight
Field capacity(FC) " " ” " "
2 1909935 0.0009 16309 259 0.074

=y ead,b

Nanoparticles TiO2(TiO2-NPs) FCxTiOz

Porlind S50 0,390l
FCxTiO2Ti02-NPs)

4 6391298™ 0.0002"  11055™  0.53"" 0.032™

0539l ey and o5 8 1075740™ 3.80™ 2489 0.175™ 0.006"
Erorr L= 30 6.32 8.83 56.25 0.0125 0.002
CV% 1 s <y 0.094 3.73 5.12 4.47 12.43
** Significant at 1% level of probability Aoy S Jloil mhans o lo me *F

S 095 Al y Sl ()9 9 px> (g ylad bawgio (Job £ g pawiliud daSgo wlyd gl alize baedilé WU LY Jgua

(€15 b B Cilio gl i
Table 7. Effect of different concentrations of TiO2-NPs on total root length, average root dimeter, root volume, and root
dry weight of chickpea under different field capacity.

byl anSlgo 659l Jsb ggomo LS (339
<= poeoli ) )
Field Nanoparticles Total root e 3) ) g s ) o2 Root dry
capacity titanium dioxide length Root diameter Root area Root volume weight
(%) (mg) (mm.plant™) (mm) (cm.plant™) (cm?®.plant™) (g-plant™)
0 2281" 0.029¢ 107tk 3.750 0.39%-¢
5 2055 0.029¢ 109fh 3.70° 0.39%-¢
90 10 2807f 0.035° 1254 4,122 0.45%¢
20 3181¢ 0.045% 1434 4.20° 0.60*
40 20841 0.0244¢ 9geh 3.18°¢ 0.53%
1761™ 0.019f 103¢h 2.43¢t 0.354¢
1987 0.022¢ 116°¢ 2.15° 0.38¢¢
60 10 25278 0.0244¢ 126%f 2.68% 0.41b<
20 4006° 0.034° 185¢ 2.81¢ 0.52%¢
40 1767™ 0.0254 1374 2,724 0.47%4
1383" 0.012h 91.6" 1.08h 0.30°
2044k 0.017f 1424 1.06" 0.344de
40 10 4232b 0.017% 219b 1.12" 0.35%
20 4302° 0.022¢ 2502 1.56¢ 0.37¢¢
40 33414 0.015¢ 199b¢ 1.00h 0.31°

A5l (gl ge AW s 0 iy Jleiz ] v j8 Chs e 8 wlie By > )l slo Sk
Mean with common letter (s) in each column are not statictically significant at 5% probability levels.
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