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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.

, . ; . oS ol
D) s o o P sy opl ey R e B ] S
Clay Silt Sand Cu Mn Zn Fe K P N 0oC pH EC
% ppm % dSm?
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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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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(%) ol ¥ oo oo & Mean of nano-c_omplex
2 months 4 months 6 months concentration
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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nanocomplex.

o ShaS il cilisee slacdale o Sleylil losl Sbs (piusl o lae loweST 5T e (Swaon -V S

T


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.5.2
https://journal-irshs.ir/article-1-501-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

Ohlan 5 Ay

g wstae 0y 4 oltws lagby, g5 adlllae Sd oo Cgmie Glelin o nge slaaisS 5 (o (2Us (rdugl olS
Hhdsloe wile 2l); mre lace e b b gy cnl 51 cel pe galasdl Sl aned;l aisS al Guilel CudS
@ Sk b Sl ewd oS Gl (e e Boe (nl Bl Sl e olS Cnl Gleylil o pde 5 88 Sla pate
I3 s W55 gn iin 6y 22l ST 5 85 a5 gl lime I3 b Sl sl ey e 515
oS 5 55 Sl sl 500 ST b Sl sl 0,257 () 95 ) (Ral38l doe (0 5 hiwgid dazee
e Gilisee gloeaS 5 5l eolial wiols las sleasllas ,o o) Kimsty (VF) 0d byl b)) Lislsdl el Lgw 5 &3
(YO) wb oo yil38l (59, yaie Bran b Loyl jo olS glas )l aS wisls HLas b s,y cpl o)l Coe il aig glas | 0 (59,
Gl (YYYY) 055 o ais, b b o laadle glis,| g aty) od, Sialidl Eeli gs, 955 5,15 a5 ol onds 5,155
L 4y i Sl 5o o ool w3y Sy (e sy slsizme Gial3il s 4 Jlatsl a3l Gialesl 5 Wi 5 o
5 oolil wms oo Lt by gy s (YY) ol 0t sl |y Lo ly slaws Liglidl 5 0d, azi j0 5 003 Sy pn 5 o35
3 Feogd Gl el 5ls alie Slge 5 O i Qe dagl cedl Lads cglaty ) i (5708 b Seladle ol
e 08 ae (I35 45 sy s 515 4y (Bl I sl 03,5 il (e (25 (U ol ey 0 ,Shes Gial3El o oS
el polie aal58 cely a8 wil glansl e s sole ol glomeST T coled bl 4 Slowcloand 5l oslinal 31,
289y paie oo Jladl GlalS edgicins (59 GRIB) )0 ele Wl oe 295 (al 45 398 0 It o )lpes LSl o
Cote y3b L akaly 5o (V) canloads (5155 LS gl 5l 6ol bawgs il (kS o )lus Ll Sis (55
 yaie nl pf Gl 4 arg b aS vpei gl Olis atu) 5 o) lSld S (g5 2 9y rate b slacdil
5 i Jolss 50,80 ol s 4 Sl dpb (65, oShaSgili suoys /0 5 /¥ /) 5,,LS caalllas o530 S5
Gl ol Jli 5 ey 5 SpaenS I slapaie slo JUI 5 wie n Kbl duksy, Sute sla gl
Wald jlod b dmylie ;0 Selndlo apul =59, WSLaS 6l YL ol 3L (VY ) Conl 0392 (i g jiiwgid
Ol Olgiee adaly ol jo ol (L3l Jeloe o ys <V jle 4 S Gl 9 (sasy S S hs Ll Sl o
oS 53 59, yare b cudll lS Sdglie sloaul 2 5l 65l 3laloly 5 JLSbw j3 (Sl (i 08 )4 350
il a sy Ly Loy s ols 55, oSy 5 s 018 oo d(1T) oS (slosinly sl o, Shae 45 ST o,
slis (bl Gulidl sl glid ay ool ) GpealaenSTy Galidl ol laiSosl, a g S 20
5 o )lS 5 olS myiws jo O als Coles o 5 il slse g miSIl et £585 i i (i 5 OY) lasly
Clale ans e Lt bz (nl 4 jsbilen 5 ce oLl g aiy) ab, malS Eely (VY 0F) s5msd slacolle
Oty 08l s 4y gloaz s b asecs ol ol il Jioli8l Wy WSlaSTglb cdale il L e o 5 Jaes
s Jedod Wlgi oo oy 990 Slajless Sl 50 ol lul )5 9z ge slaceS 5 slan slapess (VA Sl o
J5b 4 (gaame S oS milul (glocS 5 olan g e 45 Cansl sy b5 il swilaaST sla STy o 418 slaeaS
Ol @ Gl L 58 () o Bes 5 Ebadi (551557 )0 (10) 9,25 oo )13 )l )bl by 5 ey 36 5 (s)loone
Blel L5155 5 (F) Kk 5 byl il LialS o peSaia jsb 4 sandty obS uilul slaceS 5 sl jlaio (g oLl
aS ek 4wyl gyl pe sl 31 Lo gl ol BlaceS 5 Gl Scdcdle sl iz glacdalé aS wis )5
Sl sre Dl pesd 1 oy ol 50 0l 496 slacoS 5l ol Lol L alS o a8 IS 4 Gl slaclale
aald 4 Coend Skl sl (59) SLeS 9l (2L Jslone ST 50 e 9 J55)90 (951908 (Joeed slacdale
1545 05 G )5 ayzeyen LKoo b aS iiSan s 5 Coble 4y azei b Silewndl al tagdy ol o ol coslis
G 3550 cuS g Blaal @ axgs bl by wsl ansls Lulel Gl SlaS 5 olite sla il calise slacdale
oz ) baSgedls o b sid .o, L s ol ol 6l |y ol 5 S5 e sl sl Cews 4 glacdile o3 e
ON) Wi oo o1 sla JlGol, (SauS gl g SlownST 8T cudled o a5 axiwn oS 10 89290 ylownST 5T slacaS 5
zhaw! g9, b aw, p . Cul 0uls saalie i)l LS sy Jeilo o)lac 1o (605505 slaasgigdd 5l sob; L

Yy


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.5.2
https://journal-irshs.ir/article-1-501-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

st bondsn (sloceS g wlidosy, sloyoii

Sl by 4 bgrpe 2alS (nl .8l ol gl cne jobar (Slojlil Jobo )0 laadgigdld o la o jlade ols (jLaS 55
Jsb o beeS 5 (nl Gl yss 5 )18, cnl 952s b wigd oo azlse oS b Glo)ll Jsb ;o laJsid jlade el a5 oo
ol comizas G (s 5 iy Ll Uy alS Wil e 30,8 Ll s 5 o] e 5 s adeiio s il Ll
ols las ol iegh 5l Jols sbaases (V1) +) ail Sglaie Wil oo J9i8 slacaS 5 alizes glgil 0,90 j0 b s
Oezed Wb (Jeid glacaS 5 Jlaae ill cely sy o) mhe U Slwdle ol g9, oSleSsil L jles oS
Ol adlllas 5l (g ks 0B oS 0 (s slaceS 5 lpime (RalS el ole 90 5l oy Glo )l e Jsb 2158
Jeo 3 NO Jld slagienst algs o Lid slooni S 4 Jlail b () Selecdlos vl (599331 &5 ims oo
it o WS gl YT b 5T 5 58l b Skl el @Bly 5 293 oo oS 5 cnl adgs ol 3l o
L5 5 oSl 4y gLl s (VF) spdie Jps8 slocaS i adss 38 5 sy b o

Lol o)...C 9 LSQL"? 6LQQ9A)9Q u_)‘)\.\ﬁb}a; Lo 9 asle L.9>)l> 9 L’>'L>‘° JA‘}.C L)M.»S.o.fb).’

-

S5 4

2 Sekemdlosnl —(59; SLaS5il cilize glacdile )5 ol Gheghy po edsl Cans 4 @b ol
Y s b ondigyeSoilail sty sl Sy den Cls glosne Sl 2bs (rtasl olS Ll g (stasy sl SR
S9b @l o yais Dz s e Wlgh Sl Selele (Jloiol 4 0Bl falS g 5 a8l Ral3l 095 sy
G b s obolyy ol Sl ol 51 o oS £li5,] Ligldl a5 wsly anls o yan a4y 1y sy il Wlgi o 355 0l a5
—6S9y oSSyl (b sle oo 9 JsHhe (Jeed (J9STe)l slacdile mldl el (AST s
OIB Az b aizmen 09h o0 Aoyl ezl ez woyd B g <Y ) lacdile yo 4 Slecdlosl
&S Sl oY o 9 Jgod Oliee 0 R (eSe g Slo)lil 0y98 Jobo Il L Jstie 9 J9S19 ol
odol Cuws 4 gbrazs wlwly 0,5 )18 axgi 050 (510 Ll o i ( ols ol oLS Sl eolatwl Bus bl
N eble b Sehedlossab ) ShaT 5l (L2l Jslne (23S0 @ by je oS 0jlas (laeS| 5T clled o ey
T N RS T SR ARV VRSNV IS

References &be
1. Adams, R.P. 2011. Identification of essential oils by ion trap mass spectroscopy. Academic Press, New York,
809p.

2. Agarwal, S., R.K. Sairam, G.C. Srivastava and R.C. Meena. 2005. Changes in antioxidant enzymes activity
and oxidative stress by abscisic acid and salicylic acid in wheat genotypes. Biol. Plant. 49: 541-550.

3. Ali, N.A., M.P. Bernal, and M. Ater. 2002. Tolerance and bioaccumulation of copper in Phragmites australis
and Zea mays. Plant Soil. 239: 103-111.

4. Ashrafi, M., A. Ghasemi Pir Baloti, M. Rahimmalek and B. Hamid. 2012. The effect of jasmonic acid
sprayed on the composition of (Thymus daenensis Celak.). Herbal Medic. 3(2): 75-80

5. Bruits M., K. Asres and F. Bucar. 2001. The antioxidant activity of the essential oils of Artemisia afra,
Artemisia byssinica and Juniperus procera. Phytotherapy Res. 15: 103- 108.

6. Davies, N.W. 1998. Gas chromatographic retention indices of mono-terpenes and sesquiterpenes on methyl
silicon and Carbowax 20M phases. J. Chromat. 503: 1-24.

7. DeRosa, M.C., C. Monreal, M. Schnitzer, R. Walsh and Y. Sultan .2010. Nanotechnology in fertilizers.
Nature Nanotechnol. 5:91.

8. Ebadi, M.T., F. Sefidkon, M. Azizi and N. Ahmadi. 2017. Packaging methods and storage duration affect
essential oil content and composition of lemon verbena (Lippia citriodora Kunth.). Food Sci. Nutr. 2017; 5:
588 - 595.

9. Eraslan, F., A. Inal, A. Gunes and M. Alpaslan. 2007. Impact of exogenous salicylic acid on growth,
antioxidant activity and physiology of carrot plants subjected to combined salinity and boron toxicity. Sci.
Hort. 113: 120-128.

10. Fatma, A.G. 2007. Effect of salicylic acid on the growth, metabolic activities and oil content of basil and
marjoram. J. Agri. Biol. 1560 (98530): 249-301.

Yy


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.5.2
https://journal-irshs.ir/article-1-501-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Ohlan 5 Ay

Gill, M.1., F. Ferreres and A. Francisco. 2009. Effect of postharvest storage and processing on the
antioxidant constituents (flavonoids and vitamin C) of fresh-cut spinach. J. Agric. Food Chem. 47(6):
2213-2217.
Justesen, U., P. Knuthsen and T. Leth. 1997. Determination of plant phenolsin Danish foodstuffs by HPLC-
UV and LC-MS detection. Cancer Let.114, 165-167.
Khan, W., B. Prithiviraj and D. Smith. 2003. Photosynthetic responses of corn and soybean to foliar
application of salicylates. J. Plant Physiol. 160: 485-492.
Kovacik J., J. Gruz, M. Backor, M. Strand and M. Repcak. 2009. Salicylic acid induced changes to growth
and phenolic metabolism in Matricaria chamomilla plant. Plant Cell Rep. 28: 135- 143.
Kumar, R., S. Shama, S. Sood, V.K. Agnihotri and B. Singh .2013. Effect of diurnal variability and storage
conditions on essential oil content and quality of damask rose (Rosa damascena Mill.) flowers in north
western Himalayas. Sci. Hort. 2013; 154, 102 - 108.
Liu, R. and R. Lal. 2014. Synthetic apatite nanoparticles as a phosphorus fertilizer for soybean (Glycine
max). Sci. Rep. 4, 5686-5691
Pande, P., M. Anwar, S. Chand, V.K. Yadav and D. Patra. 2007. Optimal level of iron and zinc in relation
to its influence on herb yield and production of essential oil in menthol mint. Common Soil Sci. Plant Anal.
38: 561- 578.

Pandey, N., G.C. Pathak and C.P. Sharma. 2006. Zinc is critically required for pollen function and
fertilization in lentil. J. Trace Elements Medic. Biol. 20: 89-96
Rahimmalek, M., B. Bahreininejad, M. Khorrami and B.E.S. Tabatabaei. 2009. Genetic variability and
geographic differentiation in Thymus daenensis subsp. daenensis, an endangered medicinal plant, as
revealed by inter simple sequence repeat (ISSR) markers. Biochem Genet. 47: 831
Ram, M., R. Singh, A.A. Naqgvi, R.S. Lohia, R.P. Bansal and S. Kumar .1997. Effect of salicylic acid on the
yield and quality of essential oil in aromatic crop. Medicinal and Aromatic Plant Sci. 19 (1): 24-27.
Raman, V. and S. Ravi. 2011. Effect of Salicylic acid and methyl jasmonate on antioxidant systems of
Heamatococcus pluvialis. Acta Physiol. Plant. 33: 1043 - 49.
Rengel Z., H. Marschner and V. Romheld. 1998. Uptake of zinc and iron by wheat genotypes differing in
zinc efficiency. J. Plant Physiol. 152: 433-438.
Safaei-Ghomi, J., A.H. Ebrahimabadi, Z. Jafari- Bidgoli and H. Batooli. 2009. GC/MS analysis and in vitro
antioxidant activity of essential oil and methanol extracts of Thymus caramanicus Jalas and its main
constituent Carvacrol. Food Chem. 115(4): 1528-1524.
Singleton, V., R. Orthofer and R.M. Lamuela-Ravent6s. 1999. Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu reagent, Methods in Enzymol. 299:152-178
Teixeira, I. R., M.J.B. Andrade, J.G. Carvalho, A.R. Morais and J.B.D. Correa. 2004. Manganese and zinc
leaf application on common bean grown on a “CERRADO” soil. Sci. Agric. 61: 77-81.
Wang, K., P. Jin, S. Cao, H. Shang, Z. Yang and Y. Zheng .2009. Methyl jasmonate reduces decay and
enhances antioxidant capacity in chines bay berries. J. Agric. Food Chem. 57: 5809 - 5820.
Zare Dehabadi S., Z. Asrar and M. Mehrabani. 2010. Biochemical changes in terpenoid compounds of
Mentha spicata essential oils in response to excess zinc supply. Iran. J. Plant Biol. 2(3):25

FYY


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.5.2
https://journal-irshs.ir/article-1-501-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

Iranian Journal of Horticultural Science and Technology 22 (4): 411-424 (2021)
Research article

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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