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Introduction

Today, it is an inevitable necessity to make use of advanced and efficient technologies in order to increase
productivity and gain a better economic status. Among different methods attracted the attention of researchers for
enhancement in quantity and quality yield, cold plasma technique as a modern procedure has shown a promising
prospects. Despite the importance of using cold plasma in agriculture, studies have focused more on the effect of
this technique on reducing microbial load in agricultural products, less on absorption of nutrients in plants.
Therefore, the objectives of this experiment were to evaluate the impacts of plasma treatment of corn seeds and
plasma activated water (PAW) on growth and concentration of zinc and iron in the shoots of corn.

Materials and Methods

This research was conducted as a factorial experiment based on completely randomized design (CRD) with 3
replications in a research greenhouse in agricultural and natural resources research and education center of
Khorasan Razavi. The factors of experiment were three types of seed (control seeds, seeds treated with dry plasma
and wet plasma), two kinds of irrigation water (distilled water and PAW) and two levels of foliar spray (without
foliar spray and foliar spray with iron and zinc). Required mass of soil, was gathered, air-dried, sieved from 5 mm
mesh and weighted in 6 packs. Based on the soil test values the required macro, micronutrients (except for iron
and zinc) was calculated and added to the soil, and then the soil samples were moved to the pot. PLASMA BIOTEC
Company located in Khorasan Razavi Park of Sciences and Technology, Mashhad, Iran performed plasma
treatment of seeds and water. Plasma treated corn seeds were planted on May 18™ with a density of 6 seeds in each
pot. Plantlets were reduced to 2 plants after germination and establishment and irrigation was continued with
desired treatments. Shoots of each pot was cut 8 weeks after sowing, 1 cm above the ground and delivered to the
laboratory, where the samples were washed, dried, grounded and the concentration of zinc and iron were measured
using the atomic absorption device (Perkin Elmer, 2380) in dry ash digested in 2 N HCI acid. Data were statistically
analyzed by SAS statistical software (version 9.4). Comparison of means for the main effects and interactions was
performed by Tukey’s test at 5 percent confidence interval.

Results and Discussion

Comparison of means for the interaction effects of water x seed x foliar spray showed that the minimum
concentration of iron (147.67 mg/kg) was observed in plants grown from non-treated seeds, not foliar sprayed and
irrigated with non-PAW (treatment 1 in Table 7). On the other hand, plants grown from wet plasma treated seeds
and received foliar spray showed the highest concentration of iron regardless of irrigation water type (treatments
10 and 12 in Table 7). Comparison of means also shows that iron concentration in plants grown from dry plasma
treated seeds had no significant difference with that of non-treated seeds (treatments 1 and 5 or 2 and 6). The mean
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comparison results for zinc concentrations showed that the minimum value was related to plants grown from non-
treated seeds, not foliar sprayed and irrigated with non-PAW (treatment 1 in Table 8). The comparison of the
simple effects of the type of seed on the concentration of zinc in shoots (Table 6) showed that wet plasma seeds
caused a significant increase in the concentration of zinc. However, comparison of means for the interaction effects
of water x seed x foliar spray showed that the effect of plasma treatment on zinc concentration was effective only
in treatments that received foliar spray (comparison of treatment 2 with 10 in table 8). Based on these results the
highest zinc concentration was observed in plants grown from wet plasma seeds and received foliar spray at the
same time (treatment 12 in Table 8). In addition, the comparison of treatment 1 with treatment 4 and treatment 9
with treatment 2 indicates that in order to increase the concentration of zinc in plant, plasma treatment of seeds
cannot replace the foliar spray method. Comparison of means for the interaction effects of water x seed x Foliar
spray showed that the minimum yield was observed in plants grown from non- treated seeds, irrigated with non-
activated water and not sprayed with iron and zinc solution (treatment 1 in Table 9). However, the similar treatment
which grown from wet plasma treated seeds (treatment 9), showed significantly higher yield. Dry plasma, without
foliar spray and without PAW (treatment 5) had no significant priority over the control. Plants grown from seeds
treated with wet plasma and without foliar spray could not significantly show more iron and zinc content over the
control, while their shoot yield was higher.

Conclusion

Based on the findings of this study, it can be inferred that irrigation with PAW and utilizing seeds treated with dry
plasma exhibited no significant impact on augmenting zinc and iron content, as well as shoot yield. Conversely, wet
plasma treatment, while not yielding significant enhancements in the concentration of iron and zinc within the plant,
did result in increased yield. It is crucial to note that the extent of influence exerted by factors such as frequency and
duration of seed exposure to plasma conditions on the observed outcomes may vary significantly. Therefore,
optimizing methodology and conducting further research in this domain are imperative for a comprehensive
understanding of these processes.
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oS zalio L ETSY) Olay o (Ribo F,lado P-Value
Source of change df M.S F Value
<l 1 44.44 1.63 0.21
Water
- 2 502.78 18.47 <0.0001
Seed
e 1 8341.78 306.43 <0.0001
Foliar spray
A 2 10.77 04 0.68
Water*Seed
ity x o] 1 178 0.07 0.80
Water* Foliar spray
cobglone x )% 2 104.11 3.82 0.04
Seed* Foliar spray
rlidgone x iy ) 45.44 167 0.21
Water*Seed* Foliar spray
e 24 27.22 -
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Table 4- The results of analysis of variance of the effects of experimental treatments on zinc concentration in shoot of corn
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P-Value
Source of change df M.S F Value
<! 1 10.03 2.09 0.16
Water
s 2 1356.03 282.18 < 0.0001
Seed
e at 1 24388.01 5074.97 <0.0001
Foliar spray
A 2 1553 3.23 0.06
Water*Seed
s 1 476.69 99.20 <0.0001
Water* Foliar spray
sibglomex b 2 496.70 103.36 <0.0001
Seed* Foliar spray
cehglone X ) 2 7.19 1.50 0.24
Water*Seed* Foliar spray
> 24 4.80 - -
Error
(1) Sy s _ 3.40 - -
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Table 5- The results of analysis of variance of the effects of experimental treatments on dry yield of shoot of corn
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P-Value
Source of change df M. S F Value
<! 1 0.045 0.12 0.73
Water
= 2 51.39 67.59 <0.0001
Seed
il Jslome 1 35.10 93.46 <0.0001
Foliar spray
] 2 0.01 0.04 0.96
Water*Seed
s 1 0.008 0.02 0.89
Water* Foliar spray
gl x ) 2 0.47 1.26 0.30
Seed* Foliar spray
el ) 0.005 0.01 0.99
Water*Seed* Foliar spray
ks 24 0.37 - -
Error
(Z)‘-—’I)-H-" "’"’)"'” - 254 _ -
(%) CV
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Table 6- Comparison of means for direct effects of factors on iron and zinc concentration at corn shoots

Jyvqt 3958 mhaw ool cdals Lo,y <l 3 Sos
Factor Factor level Fe Concentration (mg kg?)  Zn Concentration (mg kg?)  Shoot yield (g pot™)
hio o
Ll O Distilled water (Non- activated 164.00° 65.05° 24.03°
i ‘5; T water)
riigation Water . i
oty 166.22° 64.00 * 24.10°
PAW
Slowdhy 163.17° 56.50 © 23.19°
Non-treated (Control)
JR¢ Sis Slowdly
Seed Treated with dry plasma 159.83° 60.51° 23.27°
sk e Slowdly 172.34° 76.58° 25.75°
Treated with wet plasma
WTITbLtJ:lTﬁ pas 149.89° 38.50° 23.08°
) ithout foliar spra
e Prey
Foliar spray
et 180.33° 90.55° 25.06°

With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Table 7- Mean comparison of the interaction effects of water x seed x Foliar spray on iron concentration in shoots (means

that have no common letters, showed significant difference at 5% level of Tukey test)

s 8 lowd ™ Skl byl onl el
Treatment No. Seeds Irrigation Water Foliar Spray Fe Conc. (mg kg%)
1 t_;l‘*“"M’ »E )Jﬁ“-" ‘?“] L_f"l"gb‘l"“’ O 147.67°¢
Non-treated (Control) Non- activated water Without foliar spray
Non-treated (Control) Non- activated water With foliar spray
3 t_;l‘*“"M’ »E L;l"“'yl‘ ‘?“] L_f"l"gb‘l"“’ O 155.00 ¢
Non-treated (Control) PAW Without foliar spray
Non-treated (Control) PAW With foliar spray
5 Sz glawsdy slde L.“T sl oya 142.68 ¢
Treated with dry plasma Non- activated water Without foliar spray
Treated with dry plasma Non- activated water With foliar spray
Treated with dry plasma PAW Without foliar spray '
8 Sass dl"*""M’ ‘.;L"““'M‘ ‘7’] Lr*‘L,Jﬁl’“’ 176.66 °
Treated with dry plasma PAW With foliar spray )
Treated with wet plasma Non- activated water Without foliar spray
10 sk slewdl Ao iyl 186.33°
Treated with wet plasma Non- activated water With foliar spray
11 ‘-’#’)" lowdly Slowdly ] Lf“LﬁgJ?l""" o9 153.67 ¢
Treated with wet plasma PAW Without foliar spray
o 5 o i
12 - 919)" Lfl"“’M‘ Lf’l"“”Mi g ] Lr"l‘ub‘l}“" 192.67 2
Treated with wet plasma PAW With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Table 8- Mean comparison of the interaction effects of water x seed x Foliar spray on zinc concentration in shoots (means
that have no common letters, showed significant difference at 5% level of Tukey test)

ot 05lowd N Skl wlidglome Sgy cdile
Treatment No. Seeds Irrigation Water Foliar Spray Zn Conc. (mg kg™t
Non-treated (Control) Non- activated water Without foliar spray
Non-treated (Control) Non- activated water With foliar spray
3 ujl““‘"% )"'° uj\““"% “f‘ JLLJﬁl"-" O 20.00 ¢
Non-treated (Control) PAW Without foliar spray
Non-treated (Control) PAW With foliar spray
Treated with dry plasma Non- activated water Without foliar spray
Treated with dry plasma Non- activated water With foliar spray
7 Sis JL“”M" L_;’\““’M" - L_?"LJ?L"“’ O9 33.33°¢
Treated with dry plasma PAW Without foliar spray
Treated with dry plasma PAW With foliar spray
9 koo (lowdly i Bl dsle G 45.67 ¢
Treated with wet plasma Non- activated water Without foliar spray
10 "’9]é)‘° &5L°“’M" )"4‘7"’ ""] U“’LJ?LX" 107.11 @
Treated with wet plasma Non- activated water With foliar spray
11 L.‘919)" L5L°“"M’ L,;\'““’MJ - U‘LLJW 09 40.67 ¢
Treated with wet plasma PAW Without foliar spray
12 by slowdly Slowdly il Jle 113.00 @
Treated with wet plasma PAW With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Table 9- Mean comparison of the interaction effects of water x seed x Foliar spray on dry weight (means that have no
common letters, showed significant difference at 5% level of Tukey test)

ot 0o e sl ol il sloce Slg ol 5,Skos
Treatment No. Seeds Irrigation Water Foliar Spray Shoots D.Wt (g pot™)
1 L_;l"“’M" & )JAD“" ‘?“] L_f“’l"ab‘l"" o9 22.18°¢
Non-treated (Control) Non- activated water Without foliar spray
on-treated (Contro on- activated water ith foliar spray
Non-treated (Control) N tivated wat With foli
on-treated (Contro ithout foliar spray
N d (C | PAW Without foli
Non-treated (Control) PAW With foliar spray
5 Sz oMy shis H"] L;‘LLJ9L7“" O 2251 °¢
Treated with dry plasma Non- activated water Without foliar spray
6 S slawh P s 24.04"
Treated with dry plasma Non- activated water With foliar spray '
Treated with dry plasma PAW Without foliar spray '
8 Sz lowdly L;\““’M’ %"T t:“’l’,u.J?l’“ 24.10 P
Treated with dry plasma PAW With foliar spray '
Treated with wet plasma Non- activated water Without foliar spray
10 L"9I°)‘° dl‘“’M:‘ )]““‘° L"i t:“’b:u.J?l’“ 26.912@
Treated with wet plasma Non- activated water With foliar spray
Treated with wet plasma PAW Without foliar spray
12 ‘fﬁb)" dl“*’m" L_;\”“M’ ‘?’.‘ L_f“’l’gbl"'" 26.98 2
Treated with wet plasma PAW With foliar spray
Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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