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Changes in Morphology and Biochemical Compounds in Essential Oil of
Thyme (Thymus daenensis Celak.) under Foliar Application of Zinc-
Salicylic Acid Nano-complex and Storage Duration
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Table 1. Physical and chemical properties of soil of experimental farm before performing the experiment.
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28.3 45.1 31.6 152 198 055 7.6 449 15.4 0.07 0.68 7.52 7.6
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Fig. 1. The electron micrdscope image was prepared by Philips EM208 100 kV device.
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Table 2. Effect of foliar application of Zinc-salicylic acid nano-complex on some morphological traits of
Denaeian Thyme
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oShaSgl clile a5 glis)| 5 039 Sas oy ol Sl Spdsk SrPE Sisa
Nano-complex (e 5ls) (&5 3 p5) (B9 55 p5) (e 5l (oo heo) (ogskee) Fresh
concentration Plant Fresh Dry Inflorescence Leaf Leaf  weight/Dry

height(cm) weight(g/plant) weight(g/plant) height(cm)  length(cm) width(cm)  weight
0 16.2 ¢ 45.7° 16.4° 45¢ 12.6° 350 2.8°
0.1 16.5¢ 56.7 2 17.7° 45¢ 12.3° 3.3¢ 3.28
0.3 24.0° 6242 20.32 732 16.2@ 482 312
0.5 20.2° 57.4° 18.3® 6.0° 15.3% 40° 3.1°

Means with the same letter in each column are not significant difference (based on Duncan Multiple Range Test 5%).
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Table 3. Essential oil percent of Denaeian Thyme influenced by different concentrations of Zinc-salicylic acid nano-
complex and storage time.
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0 10.640¢f 0.617f 0.670¢ 0.642¢
0.1 0.4879 0.5209 0.5179 0.508P
0.3 0.8602 0.793P¢ 0.813% 0.8224
0.5 0.773bcd 0.723¢ 0.760% 0.7528
ST plej Sl 10.690A 0.663A 0.6907

Mean of storage time

TMeans with the same letter in each column are not significant difference (based on Duncan Multiple Range Test 5%).
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Table 4. Number of essential oil compounds under the influence of the studied factors.
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Nano-complex concentration Storage time (days)
0 60 120 180
0 38 29 29 29
0.1 33 37 36 32
0.3 30 36 33 29
0.5 38 28 27 25
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Table 5. Main effects of Zinc-salicylic acid nano-complex and storage time on some compounds extracted from
Denaeian Thyme essential oil.

JsS1y,8 Jsess Jst s Cyom = (22
Carvacrol Thymol Borneol p-Cymene
oSS gl cale
[EWPRY)
Nano-complex
concentration (%)
0 38.65" 21.48° 4,94° 8.65¢
0.1 49.06? 22.022% 4.39¢ 8.23¢
0.3 38.01%¢ 22.84% 5.042 9.23P
0.5 36.94¢ 23.152 4.50° 10.892
Gy Slosll e
Storage time
(days)
0 38.83° 27.052 4.54¢ 10.162
60 39.63° 12.28¢ 4.73° 9.922
120 42,232 26.628 4,745 8.67°
180 41,98° 23.53° 4.85% 8.25P

Means with the same letter in each column are not significant difference (based on Duncan Multiple Range Test 5%).
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Table 6. Interaction effects of Zinc-salicylic acid nano-complex and storage time on some compounds extracted

from Denaeian Thyme essential oil.

ShaS 5 il

Nano-complex Stoté;;bg;:;ion JoS1s,8 Jyes Jot,90 RO
concentration Carvacrol Thymol Borneol p-Cymene
) (days)

0 28.50' 27.20¢% 4.469 13.60?

0 60 40.00¢ 26.10°f 5.15° 8.80"

120 43.18° 27.600< 5.09% 6.35'

180 42.93° 27.30%% 5.06° 5.83!

0 34.319 24.00° 4.79¢ 11.04¢

01 60 51.51° 8.40" 4.20' 7.819

' 120 55.312 8.20" 4.22! 7.06"

180 55.112 8.50" 433" 7.03"

0 40.98¢ 26.30%f 4.84¢ 8.88f

0.3 60 36.83¢f 25.107 5.03¢ 10.11¢

' 120 36.13f 26.00ef 5.322 8.90

180 38.11° 29.10% 4.98¢ 9.02f

0 51.51° 8.50" 4,071 7.110

05 60 30.17! 28.50%¢ 456" 12.97°

' 120 34.299 29.50° 433" 12.36°¢

180 31.79" 27.70b 5.04% 11.13¢

Means with the same letter in each column are not significant difference (based on Duncan Multiple Range Test 5%).
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Fig. 2. Total phenol content at different storage times and concentrations of Zn- salicylic acid noncomplex. Means with
the same letter in each column are not significant difference (based on Duncan Multiple Range Test 5%).
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Fig. 3. Interaction of Zn-salicylic acid nano-complex concentrations and storage times on the total phenol content of
Denaeian thyme. Means with the same letter in each column are not significant difference (based on Duncan
Multiple Range Test 5%).
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Fig. 4. Correlation between concentrations of Zn-salicylic acid nano-complex and storage times on the total
phenol content of Denaeian thyme.
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Fig. 5. Changes in antioxidant activity by increase in storage time and concentrations of Zn-salicylic acid
nanocomplex. Means with the same letter in each column are not significant difference (based on Duncan
Multiple Range Test 5%).
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Fig. 6. Interaction of concentrations of Zn-salicylic acid nano-complex and storage time on the antioxidant

activity. Means with the same letter in each column are not significant difference (based on Duncan Multiple
Range Test 5%).
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Changes in Morphology and Biochemical Compounds in Essential Oil of
Thyme (Thymus daenensis Celak.) under Foliar Application of Zinc-
Salicylic Acid Nano-complex and Storage Duration

A.R. Tavakoli, A. Aboutalebi Jahromi*, V. Rowshan Sarvestani and A. Zakerin!

To investigate the effects of Zinc-salicylic acid nano-complex and storage time on horticultural and
phytochemical properties of Thymus daenensis Celak, a factorial experiment was conducted based on a
randomized complete block design. Foliar spraying was done in two stages 15 days after
establishment, at levels of zero, 0.1, 0.3 and 0.5% by volume. After harvesting and storage during
periods of 0, 2, 4 and 6 months at room temperature, quantitative and qualitative changes in essential
oil, phenolic compounds content and antioxidant activity of shoots were studied. Based on the foliar
application of zinc-salicylic acid nanocomplex by 0.3%, it increased plant height, fresh weight, dry
weight, flower height, leaf length, leaf width and wet to dry weight ratio, respectively, compared to the
control without foliar application by 32.5, 26.7, 19.2, 38.3, 22.2 and 27.08%, respectively. Storage
time had no significant effect on the percentage of essential oil. Concentration of 0.3% nanocomplex
increased the essential oil by 0.822% compared to the control. The effect of interaction between
nanocomplex concentration and storage time on the percentage of essential oil was not significant. The
predominant compounds were essential oil, Carvacrol, Thymol, p-Cymene and Borneol. The highest
antioxidant activity of plant extract was related to the interaction of foliar application of zinc-salicylic
acid nanocomplex with a concentration of 0.1% and storage for 60 days. Treatment with zinc-salicylic
acid nanocomplex (at a concentration of 0.3%) improved vegetative characteristics and storage time
and increased the percentage of essential oil.
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