Iranian Society fo

Horticultural Science
ol ! Slel pele Hamit

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

r

OF ) FYF BN (olo ammio ¥ o)lads VY il sl SLEL (58 5 pole alna
sy allie

290 395 08 i gT w9l g SRS 5 g (wlibiciy § S gk
'ilo s Ll Do g ! Sl l— (5 9 5 yuSdunS 930 b (il J glowo

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

T 518 Jom lone 9 (pidgy dumg * oo bz (Al (rmdline ((AS55 LS ) pnol

US>

K4

gl plendigid 5 SLel laShy  Gloylil Sae g Sibacdlosik sy, WShaSel B s n jshiten
g Sliass 3 0 50 oSl O jgod Bolai o5 oSl 7 b LB o Jiwgs (Thymus daenensis Celak) Us
I D) ko sl 5o il 5lan 55, V0 alold 4y al> e 55 0 (LS Bl Jslre il plasl ()l (55,5laS Gisel
G sles ;o ole B g F Y an slao,ee Job 4o Slo )il 5 bl Codls gl e 0B pll ez cozx> wo )3 <10
@l loln ab gy s pll GlanS| Sl cdld 5 (J5i8 slaceS 5 Glyime (uilol (AT 5 o5 sl
(oSS el (i 59 5 o9 g gla] Gialisl cel oy /Y al Sl g, wWShaaS il b Jgloxe
DAY FEIV XVID Gliee 4y (dh sl (o aall ) Gl cud & SS 4 5 (39 S 5 S (2,8 S Jsb
e (o ShoS il wo s /¥ ke il Guilul a1 6l cme i1 Slo )il S aE as,s YYIHA 5 YYIY YAY
bl ao s Sl gley 5 eShaS el cdale 2iSen s Sl ols il aald 4 Cond awoys HIAYY 1) il
o bas SIS b (i 51 J3tng 5 roemmar +3o SIS sl M slacaS 5 il e
D9 55y P Dy (g)I0aSS g aoys o) cdile b Selcdloaik 59, oSS 5l LSb Jsle (iiSen 4y bgyye ol
oiall s Sloylil o g (ciugy sla Ty o el (ao s ¢V cdale j0) Shadlosisk gy WSdaS gl b jlas
0,8 uilul as
bl 2o ) (S ST Sy (58 olgo 1 galS” (Lol

.

40NR0
Jdo o, pl (LS og)ls Coeal g ol LS slao i 1y S00 uS g (o SEeie 5l (Lamiaceae) lelix o,
sl 558 STl g (2 )Bad (05, Seeas ol s 5 plebias 0y 5l ptasl ol Lol yo dgzge il
(ol ol 425 5 )50 s ilg T3S 5 Jpand ohug 4 eniady)l (J5i slocS 5 5 il VL o33l o5 s doa
iz 3blio j0 Hbo cpiugl (YY) 0)lo g,ls Bras oyl pl j0 a5 aited 0,5 (pl 29,10 4355 90 T Sbs piagl o 7 2L
LS sloalids ples 5o Sldlo a0l L(09) d9d o0 SiaS (2l)5 ©j90 4 (bl )3 g WS (o0 gai g WD) H9lS

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

VRV Gl b QUAITY 2l s )b -)
e 5553l hiael g Slidzs 35 0 Lol oy (oDl ol5T ol&iils ¢p a9ty « SLEL pale 09,5 JLoiils (5558 (semeiils o gy -Y
Ol ez s ool Sl3T oK ils ep e aly ( UL psle 09,8 JLoliol g 3l v5)5l8S g g Shjgel «linkod lajls oyl (xbo
.(@a84607@gmail.com) : s xSl o ¢ Jgimo 0 g 8

T. daenensis Celak. -f Thymus vulgaris L. -v


mailto:aa84607@gmail.com
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 2026-05-19 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

Ohlan 5 Ay

5235 Sl sl el S50 o5 (Bl b alS 55 Sujslsid sloanl 5l s les (8, 5 ALIIS 352
Sl o Lai> 35Sl 1) aidl (Splie sloanT e Gl 5 sy oMl 25T 4 (5 pee Gl
@l olS o Selewdlo sl 5l oslatul all pnllgnle b g GeST colo Gl 5ligig S wls Siledls
5 (M. pulegium) 45, (Mentha sativa) L (Capsicum annuum) Jalé (Pelargonium graveolens)  s,le  loxed
oealS b bl CaasS (g9, Lol il uilul (oS ol 5o (oiul38] 4565 e (Nardostachys jatamansi) gais i
Coa 586 oL gy 0y e Sl aaal (V) 3l St 1 Guilal )3 5290 (o slacaS 5 (s
5 0l 20l OlLS (59, YaegSee Ve 9 ) o) lacdale b Sibowdlo sl (L8L Jolore oS ol plis camggy o)l
) rée Slagmslhy Jlie 5 0 BpaneS lajaie ol 5 LOlawpe S oty oSy Gl cel Sig; e
sz 5 By 5 ByaneS (sloyaic (nfiw slag asle e Jelse 4 29l pbLS gl () ol als
5 Sl (3900 BraneS gloyaie 3l g9y Cusl 035 ) Sikghy az i 0550 0)lsem Loyl (Si5sls5ed 5 (Selpilio Slo et
2 0l Lol ke mo 5 0505 o0 Lol o )ls oage r lalsS (Sdgili sloaiT b 5o Jlsl3 o0 Shae 5 )b slo i
S985L 0,5 L(VAY) 358 oo (LS ladiss i jo 0l (Swjlolh 5 (Sdabie b Pz 55, corse S
3l 15 0F) Cad ol 0, o 5 Cmaz Sl 050 gl a5 Gl Cazr Gisum slas, e olyiee
a5l by 1o yesil o3lail o ala,lsly (plily Coul segil Yo O osgame yo LT slassl o)l
o ol a5 wites egill Fr B Y slol o ol slojaie sy ol aogS sl aits ppe olS cwliicon)
loosS i ;5 (5,5Lds3l 51 anliiul (V) il o) oius gl ey 1) Llié (sloyaie sloys yiosilh Fr b A canlis
5 solaidl Wlsd a4y joxie a5 098 055 J0 Ogz g0 288 o yaie LA SIS G138l 5 Ay ol by Coge Conl S
(F) 05800 2z JB armeiin s

Sebdloaral 5 g5, (SLaS'sil Sl ol Ghghy 10 c gl GloceS 5 g il Jlas 51 SUs optgl Comal ooy
35 B s 050 ol lacaS 5 (e g oy Sl SRy 2 Sleslil 0)90 Jsb izmen

iy 93190

aily 3l Sy oSl g 50 50 4185 A o (Bola Lol sl )b 4y s Gtalejl 50 4 Gighy 0!
OeSles iy el 5l 5o VEAR D9 lagie glis ) b ()8 (il grb il 5 (65,5LS Sijpel g Sl 5 50 4,
il sl Lol Lilejl (glo gt . plowl VYAA Jlo 55 Lugmekes 4250 VA (glod Lansgio 5 stailis TYY b
59 5 ez e Aoy 10 5 IV ]V o i oz 5 Skl dak g9, SleaS 5l il glacilili
oo # 5 F Y ao glaw Ty Glo)lil plo Jsb od plonil (s (rtasl 19,0 ol 55, S5 plod 5 (25 1 i 090
Sobune bglie ;0 LIS )3 g s oadglo 35 0 5l ay0 (28,5 J13 anslie 5 (o) 2 3590 (U Sl jo Zeslo 5l
@ (olo izl J2lgl) S AL P d> o jo azxals ¢ cis VWAV Lo oloacawl blgl ;o odugy (sl 555 5 ale (S
1ol Gloy eyl U g ol Jitie yie (e B0 3 (59, 9 e Jolsd 50 e VOXY lo &S y5 (Lol e
ot ol Sty 5,0 slacile g sk (sl sile o3 slacle s e b Lol ns 55 L]

sl 0] Ky gz 5 Ltales] plowl e S5 oliard 5 o b slo S

ohlesl szl G stalojl 450 S pliand 5 (S sla S -) oo
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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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%).

g 5> Sekendl ol —(5; SheoSl Sl 5 Glolal ey GRIFI L Gl el sla s 0 S
5l Sl pe M (STl Q}A)'T Qo0 B maw jo oS e glad > gl sl Sl

Y-


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 2026-05-19 ]

[ DOR: 20.1001.1.16807154.1400.22.4.5.2 ]

st bondsn (sloceS g wlidosy, sloyoii

00.00 80.10 ©0.30 B0.50

1000.0
900.0
800.0
700.0
600.0
500.0
400.0
300.0
200.0
100.0

0.0

| || a, 790.0
ab, 756.6

d, 655.7

I b, 7322

f, 529.0

IC50

ghi, 394.3
||| f, 494.4
gh, 432.2

i, 352.6
i, 367.1

W/ﬂ g, 432.4

WA f,524.4

[0 . 10ss

W/, gi, 382.2

0 60 120 180
(35 SLoll o)s Jsb
storage time (day)

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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