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Fig. 1. Analysis of the average diameter distribution of zinc oxide nanoparticles (Zn)
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Table 1. Physico-chemical properties of soil
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Table 1. Analysis of variance for the effect of spraying sulfate and nano forms of iron and zinc fertilizers on
morphological traits of peppermint under salinity stress
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s *%*: Not-significant, and significant at 1% probability levels, respectively
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Table 3. Analysis of variance for the effect of spraying sulfate and nano forms of iron and zinc fertilizers on some
biochemical traits of peppermint under salinity stress
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Table 4. Mean comparison of the interactions effects of salinity stress and foliar application of iron and zinc in the
sulfate and nano forms on morphological traits of peppermint

Sogh G Gg el aliolaad amgola Spdeb  Spipe Sl S ohs
(;¥g0skso) (ogiile)  (ou8) e (u0)  (poiile)  (ogile) () Sp (o)) adle
Salinity stress g Plant height Number of Number of Leaf length Leafwidth  Leaf dry Stem dry
(mM) Fertilizer (cm) branches tiller (cm) (cm) weight (g) weight (9)
Control 66.33° 3004 21b¢ 3.50b 1o 5.52%¢ 3ef

Zn sulfate 64.66° 26%° 1641 3.58b¢ 1.50%¢ 2.44<¢ 3.504¢

Control Fe sulfate 64.33b 32.33% 19¢d 3.50b¢ 1.66%¢ 5.72% 3.81¢%¢

Nano-Zn 67.33° 32.33% 242 58b 1.73%d 2.914¢ 7.202

Nano-Fe 782 36.332 262 6° 1.90%¢ 3.310 5.42%

Control 54¢f 290 18 3.33¢d 1.16%f 3.72%¢ 3.94¢1

Zn sulfate 54.33¢ 25.33¢¢ 66.66°° 2.83d 1.50%¢ 3.27f 2.68°f

40 Fe sulfate 52.66%f 25.66°° 18% 3.50b 1.50%¢ 3.150f 1.97f

Nano-Zn 75.332 30.66*° 26° 3.33 1.66%4 4.17%¢ 5.25°

Nano-Fe 61.33%d 342 243 5.66% 2.16° 5.98* 6.50?

Control 47.33% 29b-d 13¢h 1.83¢¢ 0.804F 2.13¢¢ 2.60°

Zn sulfate 46.33¢1 24.66% 13¢h 2.33¢t 1.16%f 2.02¢¢ 3.84¢¢

80 Fe sulfate 49% 33.33% 17¢° 2.16%¢ 0.90¢f 2.97¢f 2.93¢f

Nano-Zn 51.33fh 29.66%4 17¢° 2.50¢t 1.16%f 5.22%4d 4.78*¢

Nano-Fe 59¢¢ 21.66% 15.334¢ 2.33¢t 2ab 4.17%¢ 4.88b

Control 36¢ 11" on 0.75¢ 0.20f 0.408 1.07¢

Zn sulfate 43.33i 21.33¢f 11f 1.834¢ 0.96>f 0.89f¢ 1.79¢

120 Fe sulfate 45t 30.33%d 11.33%h 1.83fd-e 0.83¢f 2.06%¢ 1.268

Nano-Zn 46.661 17.33% 12.66%h 1.50%¢ 0.66%" 3ef 2.03fe

Nano-Fe 40.66% 15¢h 13¢h 17e 0.50¢f 2.83%¢ 2.06%

A5l o ime B ao 0 ) Jleil o ;0 LSD (9051 (o 5 i gy slls slanaSilis (g o 40
ST 5 ) 53 S hen Yo, 0T 56 ) 3 S a0+ ] Sl i) 3 08 o VB (83, Sl (slassS 5L oo

Ll i o 0 S e Y ool

* Means followed by similar letters in each column are not significantly different based on LSD test (p<0.01).
Foliar application fertilizers of Zn-sulfate at 1500 mg.I"!, Fe-sulfate at 1500 mg.I"!, Zinc oxide nanoparticles at 300 mg.l"! and

iron oxide nanoparticles at 300 mg.1"!.
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Table 5. Mean comparison for the interaction effects of salinity stress and foliar application of iron and zinc in the
sulfate and nano forms on biochemical characteristics of peppermint

Olyuapgs S
ST = adude)ds b dels S Judgyls L Jaloxo
(¥ 9o he) Chlorophyl ~ Chlorophyl Total gl u,” Soluble
Salinity o5 la Ib chlorophyll  Carotenoids (S, carbohydrate
stress (mM)  Fertilizer  (mg/g FW)  (mg/g FW) (mg/g FW (mg/g FW) (SPAD) (mg/g FW
0 Control 3.69fh 4.84¢4 8.54%¢ 0.90b¢ 39.37¢¢ 0.361
Zn sulfate 7.16%f 3.684f 10.85¢f 0.69b-¢ 44.90b° 0.52hi
Fe sulfate 9.99b¢ 3.114¢ 13.10b4 0.60% 41.33¢d 0.602"
nano-Zn 10.16% 3.054¢ 13.21b 0.81%¢ 54.93b 0.74f¢
nano-Fe 14.27° 9 23.312 1.332 68.75% 0.86%f
40 Control 5.314¢ 2.43%¢ 7.74%8 0.71>f 43.76% 1.06
Zn sulfate 7.84b-¢ 6.13% 13.98b¢ 1.412 43.87% 0.94b4
Fe sulfate 5.29%¢ 7.05° 12.35¢¢ 0.94° 44.50b 0.75%
nano-Zn 8.09%d 9.24* 17.23% 1.317 44.74b 0.88¢
nano-Fe 11.20% 4.18¢% 15.38b¢ 0.88b¢ 69.702 1.28%
80 Control 5.224h 2.41¢¢ 7.63¢¢ 0.53¢ 33.73¢f 164
Zn sulfate 5dh 2.10f 7.10%h 0.67b¢ 36.50¢°¢ 0.72¢8
Fe sulfate 2.95¢h 3.554f 6.50fh 0.71¢t 42.86° 0.73¢8
nano-Zn 5.39¢¢ 2.08f2 7.48fh 0.56% 35.43¢ 0.89¢¢
nano-Fe 4.15¢h 2.09 6.24fh 0.62¢" 34.20¢° 1.12%
120 Control 1.49" 1.29¢ 2.78h 0.30 16.66" 0.59¢h
Zn sulfate 3.69h 3.254f 6.94fh 0.50% 30.90%¢ 0.401
Fe sulfate 4.634h 1.96% 6.60%h 0.35h 22.83%h 0.61gh
nano-Zn 4.454h 2.13f 6.58fh 0.46% 29.76%¢ 0.53hi
nano-Fe 3.81fh 1.89% 5.70¢h 0.41&" 21.43¢ 0.68f-h

A5l o ime B ao 0 ) Jleil o ;0 LSD 9051 (ol o 5 i gy slls slanSilos (g o 50
ST 5 5 5 55 5 e T (83 4T 5 ) 5 08 oo 100+ T Sl i) 40 05 lan 107 (55, Sl oS 50 Jslne
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* Means followed by similar letters in each column are not significantly different on LSD test (p<0.01).
Foliar application fertilizers of Zn-sulfate at 1500 mg.1"!, Fe-sulfate at 1500 mg.I"!, Zinc oxide nanoparticles at 300 mg.l"! and

iron oxide nanoparticles at 300 mg.1"!.
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