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Table 1. Characteristics of titanium dioxide nanoparticles
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Size Crystal type Area Calculated density ~ Structural density Molecule weight
(nm) (m'z.g) (g.cm’3) (g.cm'3 ) (g.mol)

13 Tetragonal 240-200 31.9 391 79.9
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Table 2. Mean squares for the effect of different concentrations of titanium dioxide nanoparticles and
drought stress on germination percentage, seed vigor index, mean germination time and seedling length of

chickpea seedling
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Table 3. The effect of different concentrations of titanium dioxide nanoparticles on germination percentage,
seed vigor index, mean germination time and seedling length of chickpea under drought stress
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Trait Drought stress TiO, nanoparticles (mg L h
rats (bar) 0 5 10 15 20 Mean
0 77.50° 5250  65.00  72.50°  82.50° 70.50*
-2 87.50°  55.00° 65.00° 77.50° 62.50° 70.00"
Y|
ST ey -4 82.50°  65.00°  72.70°  70.00°  70.00* 76.00"
Germination percentage

-8 15.00°  55.00° 37.50® 42.50® 60.00° 41.50%

Mean 65.60%  56.800 63.10% 61.80“ 75.00%
0 35857 1110 5,96 3907 7.84® 448"
-2 290 1707 6.87*° 922"  6.66"° 547°
il at -4 6257 210" 3.01°" 640" 3.65°T  4.28%

Seed vigor index . ) c . .
-8 3.23% 0.93" 1.29% 1.107  3.85*7  2.08"

Mean 399 146®  428W  516W  550W
0 1.63 1.79° 1.31° 1.56° 1.40°  1.54°
2 1.69° 1.47° 2.01° 1.44° 1.22°  1.56°
3D el ol oo 4 194 218* 180" 151 171°  1.83%

Mean germination time (day)
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Similar letters do not differ significantly at the 5% probability level based on the Duncan test. Uppercase
letters indicate the effects of drought, uppercase letters in parentheses indicate the effects of nanoparticle
concentration, and lowercase letters indicate the interaction effects
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Table 4. Mean squares for the effect of different concentrations of titanium dioxide nanoparticles and
drought stress on germination rate, germination index, normal seedlings percentage, radicle dry weight and

radicle length
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Table 5. The effect of different concentrations of titanium dioxide nanoparticles on germination rate,

germination index, normal seedlings percentage, roots dry weight and root length of chickpea under drought
stress
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Similar letters do not differ significantly at the 5% probability level based on the Duncan test. Uppercase

letters indicate effects of drought, uppercase letters in parentheses indicate effects of nanoparticle
concentration, lowercase letters indicate the interaction effects
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Short Research Paper

Investigating the germination characteristics of Chickpea (Cicer
arietinum) in response to titanium dioxide nanoparticles priming and
drought stress

Roya Ghorbani ', Ali Movafeghi’, Ali Ganjeali > *, Jafar Nabati *

Extended Abstract

Introduction: Drought stress, as abiotic and multidimensional stress, has severe effects on plant growth.
One of the new approaches in the management of drought stress is the use of nanoparticles. Nanoparticles
infilterate the seeds and increase nutrient and water uptake and ultimately, improve germination. The present
research was conducted to evaluate the effects of titanium dioxide nanoparticles on chickpea plant
germination factors to modify the negative effects of drought stress.

Materials and Methods: A factorial experiment was conducted in a completely randomized design with
four replications on chickpea seeds of Arman cultivar in the Plant Sciences Research Institute of the
Ferdowsi University of Mashhad in 2019. Seeds were primed with concentrations of 0, 5, 10, 15, and 20 mg
L™ titanium dioxide for 24 hours. The seeds were cultured in sterilized Petri dishes. Drought stress was
applied using polyethylene glycol 6000 with 0, -2, -4 and -8 bar osmotic potentials.

Results: The analysis of variance results showed that the interaction effect of drought stress and titanium
dioxide nanoparticles was significant on germination rate, the number of normal seedlings, seed vigor index,
germination index, length of seedling, radicle length, and radicle dry weight. All germination traits were
inhibited as a result of drought stress. On the other hand, the presence of titanium dioxide nanoparticles
partially decreased this inhibition in some traits. Germination percentage, germination rate, normal seedling
percentage, seed vigor index, germination index, epicotyl length, radicle length and radicle dry weight
decreased as a result of stress.

Conclusion: At all drought stress levels, the concentration of titanium dioxide nanoparticles up to 20 mg
L' significantly improved traits such as germination percentage, seed vigor index, epicotyl length, and
epicotyl dry weight. It seems that nanoparticles can stimulate cell activity and increase the transformation of
reserves to translocatable material and consequently, improve germination characteristics. Thus, the
application of titanium dioxide nanoparticles up to a concentration of 20 mg L can partially reduce the
negative effects of drought stress on the germination characteristics of chickpeas.

Keywords: Mean germination time, Normal seedling, Osmotic potential, Polyethylene glycol, Seed vigor
index

Highlights:
1- Germination percentage and seed vigor index of chickpea increased with the application of titanium
dioxide nanoparticles up to 20 mg 1" at all drought stress levels.
2- The radicle length and dry weight of chickpea increased by titanium dioxide nanoparticles.
3- The negative effects of drought stress on chickpea seed germination decreased by titanium dioxide
nanoparticles.
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