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Extended Abstract

1.Introduction: Drought stress can limit the growth and yield of plants like peppermint. One way to increase yield
and product quality is by using growth stimulants that can increase resistance to stress and accelerate plant
development. The role of growth stimulants is to increase resistance to stress and accelerate plant development and
growth, especially of roots and leaves. Kitoplus is a growth stimulant that contains chitosan and has been used to
reduce the effects of drought stress. Iron also reduces the effects of drought stress by improving gas exchange,
stomatal conductance, water use efficiency, and reducing transpiration. The use of nano-fertilizers for plant nutrition
is a new application of nanotechnology in agriculture. Iron oxide nanoparticles with chitosan coating can provide
the necessary elements for plants. This study examined the effect of chitosan-coated iron oxide nanoparticles on
mitigating drought stress in peppermint.

2.Materials and Methods: To assess the impact of Kitoplus growth stimulant and chitosan-coated iron oxide
nanoparticles on peppermint yield, morphology, and essential oil under drought stress, a factorial split-plot
experiment was conducted. The experiment had three replications and treatments included three levels of water
stress (irrigation in soil moisture depletion of 30, 60, and 90% of field capacity moisture), three concentrations of
Kitoplus growth stimulant (0, 0.5, and 1%), and three concentrations of chitosan-coated iron oxide nanoparticles (0,
5 and 10 uM)). Peppermint rhizomes planted in small pots and keeping them in a greenhouse for 20 days before
planting in the experimental field. Drought stress and foliar spraying began 20 days after transferring the plants to
the field. Soil moisture was measured using hygrometer sensors and irrigation was done when the desired level of
soil moisture was reached (90, 60 and 30% soil FC moisture) with an equal volume (400 liters) for each plot
separately. Foliar application was performed three times with a 15-day interval. One week after the last spraying,
characteristics such as stem diameter, number of nodes, inter-node distance, flower cluster weight, fresh and dry
weight of aerial parts, and essential oil percentage were evaluated.

3.Results and Discussion: The study found that foliar spraying with Kitoplus growth stimulant and chitosan-coated
iron oxide nanoparticles had a positive impact on peppermint yield and quality, especially under drought stress.
Drought stress significantly affected the fresh and dry weight and morphology of peppermint. Increasing irrigation,
Kitoplus growth stimulant concentration, and chitosan-coated iron oxide nanoparticle concentration improved these
attributes. However, high concentrations of Kitoplus growth stimulant and chitosan-coated iron oxide nanoparticles
caused a sharp decrease. The ratio of dry to fresh weight was higher in treated plants than in untreated plants under
irrigation conditions. The highest ratio of dry to fresh weight (36.08%) was observed in plants treated with 1%
Kitoplus growth stimulant and 5 uM chitosan-coated iron oxide nanoparticles under 30% field capacity irrigation
conditions. The highest essential oil yield was observed in plants under 90% field capacity irrigation conditions
combined with 1% Kitoplus growth stimulant foliar application (1.056 ml per 30 gr of dry tissue).

4.Conclusion: The study concluded that combined foliar application of 0.5% Kitoplus growth stimulant and 10 uM
chitosan-coated iron oxide nanoparticles had a greater impact on peppermint yield and quality, especially under
drought stress. This treatment compensated for the negative effects of drought stress. In general, agricultural
techniques can increase peppermint yield and essential oil percentage.
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Table 1- Effect of kitoplus and iron nanoxide with chitosan coating on growth traits of peppermint plant
under drought stress

o ybes Shol @il bé alosely)) alos b 5 5 03 (o) 25 9
Treatmens (o slos) (o sbo) (o sbeo) Fresh weight Dry matter
Glelzshe  (DodhsnS ool amsT 5l Stem diameter  Spikelets Spikelets @n @n
Irrigation Kitoplus (Ygos,500) (mm) height diameter
levels (%) Fez0s (UM) (mm) (mm)

90 - - - 61.13% 12.912 - -
60 - - - 49.67° 10.56° - -
30 - - - 45.57° 9.62" - -
- 0 0 4.41° - - 577.44% 257.21 161.77°+68.5
- 5 4.38f - - 524.31%+319.4 146.559+78.37
- 10 4.11" - - 747.66°£136.7 214.77°+45.24
- 0 4.45¢ - - 882.22%+287.31 218.66°+64.24
- 05 5 4.3¢ - - 913.222+298.5 224.66%+69.17
- ' 10 4.66° - - 850.66°+207.75 230. 88%+43.76
- 0 4.52° - - 757.88°+253.02 201.01%°+71.13
- 1 5 4.882 - - 429.44°+174 .91 127.44°+47.36
- 10 4.088! - - 542.44%+314.64 153.88%+73.26

Al o o y0 O Jletol gl j0 5Sils glarsloais (yge3l (wlolyr jls e M pae Silo (gm0 50 alive g,
Same letters in each column indicate no significant difference between treatments based on Duncan's multiple range test at 5% level.
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Table 2- The effect of kitoplus and iron nanoxide with chitosan coating on dry matter/fresh weight and
spikelets weight in peppermint under drought stress

EIPW (p5) a3 (1) F s Sz (59 Comd
Treatmens Spikelets weight (gr) Dry matter/Fresh weight (%)
okl ol (1) ohss ool a5l
Irrigation levels Kitoplus (Y509 ,500)
(%) Fe203 (UM)
0 2.91°¢ +0.11 26.299"+2.32
0 5 2.92°+0.198 27.139"+3.01
10 2.68%+0.267 28.71%+1.19
0 3.037%°+0.076 26.879"+0.8
90 0.5 5 2.89+0.14 26.909"+0.98
10 2.88+0.177 28.15%+0.68
0 2.95¢+0.101 26.809"+0.94
1 5 3.0912+0.096 27.559"+2 52
10 3.009%+0.12 27.18%'+1.9
0 2.59%+0.13 24.089"+2.59
0 5 2.71%+0.063 23.11M+1.21
10 2.57%+0.088 24.949"+0.47
0 2.78%°+0.24 25.729"+4.99
60 0.5 5 2.61%9+0.259 30.68%+4.36
10 2.92°¢+0.16 29.44°'+1.68
0 2.91°¢+0.257 25.319'+3.92
1 5 2.79°+0.36 28.80%+2
10 2.66%+0.37 26.139"+1.64
0 2.78>+0.23 25.419"+4.52
0 5 2.59%+0.14 24.119'+0.59
10 2.67%9+0.045 28.78%+1.37
0 2.63%+0.026 33.12°+3.89
30 0.5 5 2.84°+0.10 31.35%+3.06
10 2.98¢+0.246 28.2619+0.52
0 2.81°°+0.161 26.989"+0.93
1 5 2.32%+0.532 33.8%+3.81
10 2.01%+0.45 36.08%+2.58

il e w0 Jlatol gl 53 (SUls (glasloaiz (3031 (el o gine BB pac Sl (i 2 0 alie By >
Same letters in each column indicate no significant difference between treatments based on Duncan's multiple range test at 5% level.
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Table 3- The effect of kitoplus and iron nano-oxide on chitosan coating in peppermint under drought stress

Lo 0,5 olaws (o o) 0,5 ol alold
Treatmens Number of nodes Distance of internodes
Sl sk (1) M5 ool 4T 5l (mm)
Irrigation levels Kitoplus (Y 509,500)
(%) Fe203 (UM)
0 - - 60.52°+7.55
90 0.5 - - 67.65%+8.73
1 - - 62.37°+6.73
0 - - 52.949+5 13
60 0.5 - - 48.98+6.10
1 - - 50.034%+7.68
0 - - 44.04M+4.62
30 0.5 - - 45.47%9+4.36
1 - - 39.45+4.23
- 0 - 62.72°46.38
90 - 5 - 60.23°+5.82
- 10 - 6.44+6.30
- 0 - 47.6™+5.64
60 - 5 - 52.749+4.35
- 10 - 48.66°+4.68
- 0 - 45.25M+5.78
30 - 5 - 45.219+7.16
- 10 - 46.251+9.43
- 0 10.72°+1.063 -
- 0 5 10.75°+0.75 -
- 10 10.22°+3.30 -
_ 0 10.23°+0.99 -
- 0.5 5 10.77°+1.04 -
- 10 11.05%+0.87 -
- 0 10.66°+1.11 -
- 1 5 9.99%+1.15 -
- 10 10.53%+0.89 -
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Same letters in each column indicate no significant difference between treatments based on Duncan's multiple range test at 5% level.
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Table 4- The effect of kitoplus and iron nanoxide on chitosan coating on Essential Oils in peppermint
under drought stress

EI ol 039 p5 ¥ bl 5 Shoe
Treatmens Essential oils (%) (p,5) Sas
Skl zola () oMgeS ool ansT gl Essential oil yield (gr)
Irrigation Kitoplus (%) (Ysos,50)
levels Fe03 (LM)
0 - 3.311%+0.416 0.963%0.147
90 0.5 - 3.28°+0.411 0.986°+0.125
1 - 3.522+0.520 1.05%+0.156
0 - 3.388%+0.52 1.006°+0.154
60 0.5 - 2.92¢+0.61 0.8765+0.184
1 - 3.43%+0.855 1.02¢£0.256
0 - 2.28%0.901 0.685"+0.270
30 0.5 - 3.50°+0.73 1.045°+0.219
1 - 3.07°+0.24 0.8768+0.122
- - 0.961°+0.09
90 - 5 - 1.082+0.15
- 10 - 0.95%+0.145
- 0 - 0.972¢+0.26
60 - 5 - 0.99%+0.131
- 10 - 1.002°+0.246
- 0 - 0.808°+0.244
30 - 5 - 0.9039+0.265
- 10 - 0.901%+0.274
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Same letters in each column indicate no significant difference between treatments based on Duncan's multiple range test at 5% level.
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