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To investigate the effects of Zataria multiflora Boiss. extract, seaweed biofertilizer,
and mycorrhizal fungus, alone or in combination, on the morphophysiological,
phytochemical, total yield, and shelf-life traits of Solanum lycopersicum Marmandi
landrace, this research was conducted as a factorial experiment based on a randomized
complete block design with 12 treatments and three replications under field conditions.
The experimental treatments included Z. multiflora extract [(control, 10, and 20%) (SO,
S1, S2)] and biofertilizers [control, seaweed (1%) (A), and mycorrhizal fungus (50
g/plant) (M)] and their combinations. The results showed that the applied treatments
improved the quantitative and qualitative traits studied. The use of the S1+A+M
treatment increased single fruit weight by 289.22%, total fruit yield by 357.05%, total
chlorophyll content by 285%, carotenoid content by 449.13%, anthocyanin content by
48.48%, total phenol content by 87.39%, flavonoid content by 9.13%, phenylalanine
ammonia-lyase (PAL) enzyme activity by 20.54%, antioxidant activity by 210.44%,
potassium content by 123.03%, and calcium content by 425.69%, while reducing fruit
weight loss by 67.56% compared with the control. Vitamin C content increased by
31.06% and lycopene content by 220.03% compared with the control. Among all
treatments, the best results for the traits related to total yield (single fruit weight and
the highest yield) and postharvest traits and nutritional value (lycopene, vitamin C, and
the lowest percentage of weight loss), which were the main objectives of the present
study, were obtained with the S1+A+M treatment.
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Extended Abstract
Background and Objectives

Solanum lycopersicum is one of the flowering plants of the Solanaceae family. At the time of harvest, its
freshness, high moisture content, and production of high amounts of ethylene result in a limited postharvest
shelf life, and about 30% of the products produced in the world are wasted at different stages after harvesting.
In recent years, the use of biofertilizers and plant extracts to increase yield, extend postharvest shelf life, and
maintain the quality and health of agricultural products has been increasing. Considering the importance of
essential oils and extracts of medicinal plants in postharvest physiology, as well as the significance of
biofertilizers in increasing plant yield and their role in producing healthy food and preserving the environment,
the present study investigated the effect of Z. multiflora hydroalcoholic extract, along with seaweed
biofertilizers and arbuscular mycorrhizal fungi, on the morphological, phytochemical, yield, and postharvest
shelf-life traits of Solanum lycopersicum.

Materials and Methods

This research was conducted as a factorial experiment based on a randomized complete block design with
12 treatments and three replications under field conditions in the research field of the Department of
Horticultural Sciences, Ilam University. The experimental treatments included Z. multiflora extract [(control
and foliar spraying at two levels of 10 and 20%) (SO, S1, S2)] and biofertilizers [control, seaweed fertilizer
(1%) (A), and mycorrhizal fungus fertilizer (50 g/plant) (M)] and their combinations. In this study, shoot- and
leaf-related traits, including stem diameter, number of lateral branches, chlorophyll, carotenoid, and
anthocyanin contents, total phenol and flavonoid contents, phenylalanine ammonia-lyase (PAL) and catalase
(CAT) enzyme activities, and antioxidant activity by the DPPH method, as well as fruit-related traits, including
single fruit weight, total yield, salicylic acid content, postharvest shelf life, tissue firmness, fruit weight loss,
soluble solids, titratable acidity, CAT and ascorbate peroxidase (APX) enzyme activities, vitamin C, and
lycopene, were investigated. The test data were statistically analyzed using SAS 9.1 statistical software, and
the LSD test was used to compare the differences between means at the 5% probability level. The results were
presented in the form of tables and graphs using Excel software.

Results and Discussion

Application of the S2 treatment increased the number of lateral branches by 12.16%, catalase enzyme
activity by 13.29%, and iron content by 290.32% compared with the control. The use of the S1+A+M treatment
increased single fruit weight by 289.22%, total fruit yield by 357.05%, total chlorophyll content by 285%,
carotenoid content by 449.13%, anthocyanin content by 48.48%, total phenol content by 87.39%, flavonoid
content by 9.13%, phenylalanine ammonia-lyase (PAL) enzyme activity by 20.54%, antioxidant activity by
210.44%, potassium content by 123.03%, and calcium content by 425.69%, while reducing fruit weight loss
by 67.56% compared with the control. Vitamin C content increased by 31.06% and lycopene content by
220.03% compared with the control. The S2+A treatment also increased salicylic acid content by 368.23% and
fruit postharvest shelf life by 53.18% compared with the control. The A+M treatment increased nitrogen
content by 23.68%, phosphorus content by 196%, titratable acidity by 121.25%, and catalase (CAT) enzyme
activity by 270.25%. In the A treatment, zinc content increased by 113.86% compared with the control. In the
S1 treatment, ascorbate peroxidase (APX) enzyme activity in the fruit decreased by 96.03% compared with the
control.

Conclusion

The results indicated that the applied treatments effectively enhanced the morphophysiological and
biochemical characteristics of the plant, thereby increasing the postharvest shelf life and nutritional value of
its fruit. Among all treatments, the traits associated with total yield (single fruit weight and the highest yield)
and postharvest traits and nutritional value (lycopene, vitamin C, and the lowest percentage of weight loss),
which were the primary objectives of this study, showed the best results with the S1+A+M treatment. Currently,
the use of low-risk, environmentally friendly biostimulants to enhance the yield, quality, and postharvest shelf
life of horticultural products has received increasing attention from researchers. This study demonstrated that
the biological potential of the Z. multiflora medicinal plant extract, combined with seaweed and mycorrhizal
fungi biofertilizers, can provide a sustainable and eco-friendly strategy for producers to increase yield and
significantly improve consumer acceptance by extending shelf life and enhancing postharvest characteristics.

Author Contributions
All authors contributed equally to the development of this manuscript from the initial draft to the final
submitted version, including all subsequent revisions.



The Effect of Zataria multiflora Boiss. Extract, Seaweed Biofertilizer, and Mycorrhizal Fungus on .../ Lotfizad, et. al., 511

Data Availability Statement
Data available on request from the authors.

Acknowledgements
We extend our gratitude to the Research and Technology Vice-Chancellor of Ilam University for providing the

necessary equipment and laboratory support.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The authors declare no conflict of interest.

Iranian Journal of Horticultural Science, 2025; 56(3): 509-537



.+, &
Y oD s Wil gl r"" e

Yar.—YFYY :M W
®

Homepage: http://ijhs.ut.ac.ir//

U’/: o?g Iy i)

(o5 Wlao 1395959k 3B g (b 30 Sl i ) 955 (531 g g 0 bas il
(Solanum lycopersicum guwilo ylo (Ao 093 (K 54> oF Cui1d g 31 ! 9 A

Marmandi landrace)

55255 Al | T sa0ome mie [F17 6K e | Y o5 ) o158

farzad.lotfizad@Qgmail.com :asbL, .ol nl Ml M) olKutils ¢ 65,9l 0aSKutsls ¢ SUEL pole 04,5 .

m.bagnazari@ilam.ac.ir :asbll, .l p) M) el ol&uiils «c;yolis saiislsy o SLEl pole 09,5 ¢ ot odings ¥

me.mohammadi@ilam.ac.ir :aebL), .l pl Ml M) slKisls ((g5y5lsS saSiils ¢ SLEL pole 09,8 ¥

afsanehazizi97@gmail.com :acbbl, .1yl leal lgal lpes s oKl (65,9liS 0Sily ¢ SLEL pole 09,5 ¥

v

L ©

WJlio ol

5 2y s s 565 (Zataria multiflora Boiss.) (o}l cpiugl oylas &lypdl )y jglaiods
05 358005 lionisisd ( Sufdaeidshyoe Sluogas 1 wn b (il &gon b lesas 5ol )8
Uiy cpl (slojle e 0395 (Solanum lycopersicum) (5,845 65 il 5l s 5 B8k g
9 30L2) (e gl ojlas ol oo b (3oas JolS clocSsh 2o ol 0 ygiSle &0
04) 15,00k z)B (A) (VA) by Sla] s sladgS 4 (SO, S1, S2) (4Y+ 5 Ve 8l Jsl>e
oled a5 ol s ol il sl acyie Lalyd (0 51,S5 aw gl WY L [l 3udl 9 (M) (@59 p )5
Caunsilgs STHATM o pocplyd B0 dalllas Dyg0 (S 5 (08 Slauo gy el ad) S0y (sl jlos
SENYA N, cpilawgsl LFUNY 1) 059359, AYAD 1y JS Jdg IS (clgiome LAYV 1) digy S5 3,Slas
cdlsd AV-I0F 1, (PAL) 5Wligel VT s il cdlud AN 1) a5g5gMs JAVIYA 1) JS g
ly ogee 159 L0l (e SEYO/ERA 1) oS g VY)Y muslty polic AYV/FY 1) SlasT s
o ylos (oolod oy pd 423 a8l aald 4y s ZVY /oY 1) 068 5 AYV2 1, C yolisg SVI/OF
Oeelg «nsS) o9ue (515 551 g a5l Sl (primen 9 g S5 5 Shos 4 by po o
SIHATM jloss Lawgs gulis (g cdidg: pol> (il (ol Blaal jl oS’ (55 (aalS a0 ) (38 5 C

el o 4

o o

gy o

AARAVERVE - PR P

VEE/ YA 16,50 b
VEF/ -0+ 1y iy g ,U
AR W W-ve 7 TR Y

:l&vbj’géﬂls
by Kb il sl
NS e 5

(oS i p 153050k 258 5 obyd Sila s 355 5lpmd cpiugl oylas w8l (V) wiladl (g ie g ppiso o srbatmo Lo o iS5 D158 Wl i) : D]
DOL:  .0-3-0VY (¥) 05 ¢ yly/ kel pole 4 .20 (Solanum lycopersicum Marmandi landrace) byl oo 0355 (S5 o8 cadlsyr 51 o 9 (o5
https://doi.org/10.22059/ijhs.2025.385612.2230

A ©) Oyt oils Sl Ll oo 2y
BY NG DOI: https://doi.org/10.22059/ijhs.2025.385612.2230



mailto:farzad.lotfizad@gmail.com
mailto:farzad.lotfizad@gmail.com
mailto:m.bagnazari@ilam.ac.ir
mailto:m.bagnazari@ilam.ac.ir
mailto:me.mohammadi@ilam.ac.ir
mailto:me.mohammadi@ilam.ac.ir
mailto:afsanehazizi97@gmail.com
mailto:afsanehazizi97@gmail.com
https://doi.org/10.22059/ijhs.2025.385612.2230
https://doi.org/10.22059/ijhs.2025.385612.2230
https://creativecommons.org/licenses/by-nc/4.0/

OV (3500 5 Sljeole) .o Slio o 131,550 bo G165 (g0 Sl (s 955 (5.5 pds T 0 jlae yiil (itigfy — (oode)

dodio

(Solanaceae) ;lilbxesl o, ¢ b gladgs awly il Jb 5 Je ols ;I (Solanum lycopersicum) S5 ysas o5
934565 0400 .(Jahan Tigh Haghighi et al., 2018) 55 o cuiS oSy ©ygody el Jg sz L S
Sme dge (> cpiman g 59,51 «Sgiinl 9SI ozmen SlanST 5T Jelge K, C, A (clapolig 5l s
33 Cawngy cladloe da )by (oS gl Jud 5l Calisee Sloyd olgd (glyls 13 34y )] (olmodygl b g K5 j8am g3 1
Przybylska, ) cusl (5,165 slacsylow 51 syl 5 LDL JgyiadS yamolinnsT 5l (605 sls ¢ ians slyglo ansl oy
Lo piin ol b o OAe/ee e Glls Ag5 olise b olpl (65,0l phe Y game 1 (S Jgae (op) (2020
ey i3 (9905 B g pdld 030 g pabs iy 051 b sile o o8, (Maftoon-Azad & Yazdani, 2019) wib .
Oy b S8 Al yo 53 Ygomo o Canl ez )3 (S840 65 (6593056 )l pimree | YL o 9 Ssdpils )l cuisS
o Jano a1 85 8o o il 3] g S ot o5 ey 1t 08y ol S Slo S ) g e s
.(Koulivand et al., 2020; Salas-Sanjuan et al., 2023) sl o (S5 y34555 &8, cpl obyl5L sl

ol bl 0,58 5 2V gl | (e g 0331 o] 48 9 po il Sloj Ygane (K pee oS Able (Sl s
AR L.;).o; 5 albld (3905 (610055 080 (Ll (sYL polis Wgi LUles cle 4 1)53108 Y guase 500 Wil Jguasro
g 4]y S (oolail ey ps g 390 Sluld s Cudlyy I e e e ) Gl > sy Jgae
O Pee 45 5,5 o ylB odaxie Jelge yslicos culdy il juw oluls laie (Goodarzi, 2016) s3be, e 3l o Eass
&l Glacbs) J (St (Srias GO Sl eslitel a ] cedd GbSL 5 (26 ke Jolss 4 (S35 g
o 0UsS Sloj alols alawlgs bl (5 39390 (clmosilesdl e la (iSz B opl 5l oliul Lol el bn Sagll oyl J S
oyexed ((Nasrollahi Omran et al., 2012) cuwl 03,5 sl ylusl cods (gl 1y (6L (sba 51,50 B yuan 5 cuiild y
el Glizmen Culldy Sl gy Bagiaw g Bogee 13 0394 (alewdon 9 (Seideind lacdld (65)5las CYgame )
Jianglian & ) 555 0 il Jlod OV game (pl €l g Coghy cpabs Glac alas | a8 sla g JJd cped 45
.(Shaoying, 2013

2 @ & Cusl o) By 1) i do ISl 5 poans bl Sl )l i SV game ly 0938l Lo
» 10 ¢Bose et al., 2019) aisb s o b oS oMo Slylad b canjlasme b )5k slo oy il (sooxins
5529biS” Y guazes G g CutS Lais g il 3l o (5B 0le il38l Cas  ganj LS 5 5l okl p3 ) sl Lo
Cabld g 3l s dlud ¢ 2LS 0jlas 5,8 a8 Cawl 0 i)155 03 1S jgboay (Lanciotti et al., 2004) sl yiol58la,,
Cuol (Koo b OV guaze pl 3,8 .08 o baas Cblyp 3l g 1) Slow w9 bogre cutsS 5 oiluy Jlas 4 1)
Mbili et al., 2017; ) 34 43,5 ,as )3 byl Sloylsl oo a8l g cadlspy 5l o cutS bl 030l olgieas
(Z. &l opiugl ojliac Md asie idgs o Lwly oued 4> (Bose et al., 2019; Shahbaz et al., 2022
o389 JgxS1syl8 5 Joeuws alan | calisee 0550 dlge 39 cleds 355 > Bas ol Lsa multiflora Boiss.)
Iy ogee w)d9; dlud cuwslys (Malus domestica 'Golden Delicious') cuw ogee ;3 jlawSTly o Joid LSy
5 23 o)lac ;| eslizl (Alimosazadeh et al., 2023) suisw dguo |y )] coildy 5 o (6,800 g o3> zals

1. Organoleptic



IFeFipgu &ylads i 5 0lmiy 8590 (ol (ULl pgle 4y o 0)¥

Jbo a8y ol 35800 it 5 Conl 085l @y sl 5L ool ol )13)98 0 (2 BB 1S 5l Slex ik
.(Shahbaz et al., 2022) sy ,¥> 5)Lle DO/Y & ¥+ Y5

gl (LS slaaisS A b A L &S sitn (B (glapudS)ls o (AMF) )Y 5Sgy ] 12,5500 (slag,
e yon daily ( (Sl QLS 5 Slmjes M 0Rg4 «(5j)sliS SV gae yiin alex | (SMith & Read, 2010)
SY 5wl 152,650k (slag, 8 (Diagne etal., 2020) 15> Sl lapsiumwsST )3 (lod yiuS x595 )l oS oo o]
Sl S Y 1) 355 (e (LS bawg & ()8 (slayia 4 (koo (gl & wn ()lal sl jon
59 9 Olawd aile (c3ie dlgo g ol G g el g, BB oee ;3 .(JONNS, 2014) st  Sio 940 &) (6LS 5
a5l slog 6 38 (sngy > (Parniske, 2008) sisiy go Spue o JySooss 5 Wi b 5l o S &,
(poSd) g 3 ogue dlaxi il38l cucls (S. lycopersicum var. cerasiforme) oS (K 94s63 olS )3 )Y Sug)l
(Carillo et al., 2020) 15,5 (59) g padlS prolic « S ysSuol dpus]

Age 9 5501 Mg s 5l &S At £595° 5003 3905 |y a9 (slogeB (5o )3 (2b)d Sl Sl o5t 09)5 b SUl>
Grud 3e i Mile (Sime GluSy gols SUls o)las .(Battacharyya et al., 2015) w)bs 1, Jgl as, plniss
oSl ol (giane il 1 oMol S 5 (aidse 53500 LS 0,55 (mades 89 oo B! amelS sl
sl dagyl sl iy 5 bomeling (Jgile 5 ol wilo (alaos g il slacdgbio asle JT 0S5 g5l
Sgstp el oS A g stuogisasly 5 S sl Sol ey €S s oS il 2LS 15y (oloyg0 90 g il
ol )0 0a)h LS slaolas § Luilul ol asas g5l (Ghafari Zadeh et al., 2015) 53,5 o oLS wdy (il58] 4
e dlge s 5 o] (i g olS 3 )Shes (il 50 s (sodsS Cuetl 4 g ian g bl ) e (55l 50
5 ol Sl a5 sl25S elyan 42 (3lymd gl (Sayten ojlae 15b Shmgds (nl 5 e b 5 s
20 (S pdesS by ) e g JS 0Sles (plerdgnd ((Seidgdyee Slao p YeSsl (dlieSile )6
ol &S 515 g

DR g3 iy
o 3T b slowi 9 T30 9 (T b S92 oo L3N > Slasuino) (5145 5 30 ilo 3T

2 Ul Cumbge b el oKl (65)9liS 0SSy (SLEl (pwdine g pole 09,5 (Sl de)ie ) imgh (]
ojlias Jols slayles b Bolas JolS (slaS'sl 2, 5l uios cpl po . plool 0,8 ol a4y V8 eVl sled
2> Sl 595 St (slo3sS 5 (S0, S1,82) (A¥+ 5 Ve o 93 50 (o2l Jslomo g 10l (53150 (pdngl (SUlg e
o3l )55 4w 5 o WV U Legornn 45 2003 Jlos olye & [legT 32l 5 (M) (5355 0+ izysele 28 (A) (1)
WA S
b1 s ylosi

s ol 5l (ilpd oyt gl oas St olS (sladiges aSST ) Ly 01 (6l il (rtngl (ASlgyam 0)las )
L5 gy g 05 ks Whatman No. 1 blo &8 5 b 5l e 03,5 405551 (S 59y 0 el YA Cito 4 Ve
A5 635 3,5 ol dmyd Hles clod b sy 13 5oy (sl (ka3 odliul yloj b sdelcanday

ol oy sadgS Hleus Y



BN (1500 5 Sl hlal /. Hlio 3 1321555 lo G106 5 5250 Sl (s 055" o(5 il peesds s 9T ogbias i (g — ale)

ojlas (YL 7 sgl> 553 gV se,8 )3 a8 WLul (S Wes ulay S 05y 5L Algaren Twin b, Sls 2o8
5 Yl olie 51 LS pes (YAZ) SGI ) Slge (MWL) SHS)1 008 (YZ) ST 0398 5l oo elyan & (2> Sl
WD A5 6yt o M )3 Bl o dae) polie 9 B el (S g 9 (peaST (5y908 Glaigesgn Sl Jley
Cl by g)de dlgiel Sy 53 (2byd Sle (anj 395 5 il e 03 (oo ez Mo yd Sy Jglre ans jslaied,
A ol jid S 2 & i

92 P 4 9 VALY (CRUMDN) Jiolads Y Y sSsl £59 1520650l (slagyB (sl g sl (st 28
WD A5 (5055 9hS Sy g 53 (Ol 0l R5) Syl s <S55 5l
Lo ¥ Olasin g oy 5 slwodkeT

Tl (Sgd S 4y adgls (9,53,5 b g b 035 o5 0135 1 (2l b 113 350 (05 ialol g9y 5| b
OS5 o 43 3,8 S (50180 5l 5 e Wl b ool atb] pue) dalad L8 ioles] slac S s 15
2 Bsles 56 ) 6ol (sl A5 s ¢ o Ll alal 2 Sl i 3 (Bl oty oitolejl (sl sl
5 =hi ey p ey dolh ()8 yd b wB)S e 3 Ssl g slas i te 93 Alold SUISG (s,
35 (slolad ¢ ol (gylal (sl oolitul 3)50 g, b 485 Jai ) (S5 sS (sladigy ey (el T

Sl )3y e 93 ol Cdy jn g plouy ol CutS o ;D sxlo)lo 18) ()8axs5 ) e
28 Jsb 4l ) ey gy YA el 487 Sloj s plosl oS ol Sl & ey ilig) (5l 9 00,5 S (s
3 gt 8 (S 4y g 4y G o)lag sloju b 45 Sloj hm Cuignd)) Loyl 53 s e sl cm
i ool as e (o )ll gl Alolsdly 5 it de yjo 4 belis ) s Nged ;B Lo b b 505 Jitie wlsdS
VW Ve Bee 33980l g ) i polp)S 00) jsole )8 (i 395 b ady) gl daclis sl L lojon
(S le a2 YO LY+ lod) 09y 5> (b Jglono) (il Jglone Jol alyo 20,8 bl adyy 05 SB-L (s e L
Pl (S pcaiin dlo yo 3 (20 Kbz g (53l gl (Slgyaem ojlas (s o (sl 4y ) o Ve o2 L PH=S/Y
(stagy dl> o) a0 jo 4 JWSL Sl e 59y Vo (2> Sl g (3l (ptagl (Slgpaem olas pgo Ay Sk Jglre
o 390 Vo atlnd Sela g (53l otagl (Slgyaem o jlas pgus dlsjo Cold 3 g (02 0 (il 4 sl e T o
Lo Jolore (S dimmr d9a sl b plsl (g 2 (il ) Jid eo B oo 0gu0 JuSul dl> o) p9d Al yo (8L Jgloxe Sl
slocile (J 9 () (SSe J 58 Sllos oy Juad Jsbo )3 0 ooliial (o8 gl sl Ve (g 1 S 2 daw &
A5 plsl 450 o ) 550

11505k Z8
2 WBas  da@®mus mosseae  Bmus intraradices s @mus etunicatum
1)]S5 5 a)los. Y
o lg.¥

Ol @l gy b s @55 51 uedbl (Sliwgy (oo (5)9lisS” jl o0d s .0



vl o K
el e 0355 S5 picsS Lis ) JSh
oo 3T Joxo S Slasine

olSislojl 4 liond 5 (Sujid Sloogad I (S (e psliteds lodgn o5 o 9 s SIB 5l (Bl digas as
5 Jloy) O] olSaisls (5508 ouSuiils ol S

Oilejl 590 SB plond = (38 Slusgas ) Joa

" U s )
e S O By e gy e
T BT U R A R B e
(e (Flos) (%) (%) i ()

(ples2 (e »
YEN WY YVY fed /EYY A O N X v ¥y

28,190 Slio (5 5 3100 g 519 i ged

Clao pSeilul gl g (23S dspe 3 plag) Slao pSojlul ln Jiagy Sl 4 sy b )b paiges
3 oolatnl b sy 4y de e I (aLS Bl b plosl (md0ge 0)90 Jobo 3 ety | g (oloendon ((Sfols b
S (Bl > A+ 55258 50 (e D deddie g St @lo (1595 Sl ol b g Jite oBSlolejl 4 wle il SSU
5 )l glpl Gloj U plosdgn (ol (sSojlul sl
ogm0 8 Shos o (SS9 ja8sd 90 Slio

] s S50 4 (S 9n luopas £ Seill sl (5,500 55 g s 1S5 1 3 5 o 8 0
o 3w 5 (&S0l ABsbs (g i b 10 4l 1 olS ablus b i Lo o/ Y ol udsS ) o3litusl b 1505
alig) ety (njg b dgr 53 )Slas 608 03)08 (25 Laslsl )3 5 (odagy Ay JooS3 5l ol 8L5 > (il
2 G o il ead od ogee S gpeas b Joab Sl > oAb gpSejlul p)S e fee) cE L Jlios ol L
el s 4 sl b dg S5 3o Sloie laciby
wstloonti g 9 5959092 3 Slao
o 2 il giST g iglig 315 (Judg S’ (51 gione

TA- gl il oo 0 b iz gl )3 5 (i ged Sl S 10 B9S85 JS ide)lS (slgime lomiw (sl
35 08y il o B e @y A gt U g 0a il Sl SBS oolitul b Jols eylae s 03,5 (5500
Specord 50, Analytic ) yiogidg Sl o&iws L FEY  £¥0 &5+ SFY slazge Job 10 wds g b aSyy CgeS 4o
e 0,5 03laiwl ()98 Ll o pudald (gl el Jodore e e an il .00 )5 c8l)E (Jena AG, Germany



OV (1500 5 Sl lal /.. iliao 3 1321555 lo G106 5 (5250 Sl (s 05575 jlpeesds o9 oyt i (g — ale)

&y o518l ¢l (Mazumdar & Majumder, 2003) ol cusds L3gi59,I8" g S b S (slgima 1) Lailgy wlly
el ooy 5 39 5l PS5 2 5D S e s p Veo) Loy 43,3 ploul Giusti & Wrolstad g, 51 yslwwgss]

Chlorophyll Total = 7.12(A660) + 16.8(A643) () aba,
Carotenoid = 4.69(A660) + 0.268 (A645) + 8.02(A663) (¥ akal,
Wigighh g 5 Joid 5l gie

Cams yokaio p (Singleton & Rossi, 1965) 1 e Folin-Ciocalteu o yxe jl odlatwl b JS° Joid i
3 slo dx Ve glod AV Joilie yidgySae Do b aidy Vo tite 4 (slessl p3 oad S8 (340 iges p,5 o
29y y9s claY 9 was (Prismr, Labnet, USA) 5o wile 4ibs Vo Slo 4y 590 YO+« 45 b glsee i gl sl
S50 JS Jsd Llomie sl g B35 S5 9y dlge 5 25 1SS g Jas ol isd opglaer ablie cladly)
3 sl San Vv g 1 o e o g2l 53 55 oslae g Sn Yo (S J3ib ot sl 38,5 15 ootz
Cdo 4y g A5 Lglsen (392 005 335, slade Ol b il 03 M3 45) Folin-Ciocalteu & me s Lo S b Jsloro o las
Ll balseo & (i 53 £,5 V0) podus Sl yS o Jalore sl Juos /A i (61055 31,5 ol a0 YO (slod (o 4dids iy
A5 (65018l yregidg xSl olSsued b yiagil VEO 45 ol Gl e )5 il a0 YO (clod jd adds £o I o b
Sly )5 dlome 5 (339 )5 g2 23S e oy Sl SIS il slaclile o Gl I ol glaodly b ol
O30S Dbl e 1 eslaiwl b gy 4id )3 plosl Yo VA Jlw jd a8 o) Ken o SYtar hg, 5l AdeigMd jiociw
b olatwl 5 (9 25 3 )5 (e a2

DPPH 35, 4y (Sl 5T cudld 5 jYBL 03l (PAL) jLLigel iV b o 351 collad

land 3l e iy 5l odlisl Ll (jfgy b ot 3,58 Sy 5 Bl p)S oo 00+ il 0)lae ag (4l
Stoll B onele0lsl Ygodee <Y 5 (PVP) (igsdspm dsnssh o> S sl (PH= 7.0) Vg0 Jeo 00 e
5oui 50l 31,8 Olw dojd Hlan (glod j3 Al YO Coto 4y jed V¥ e v v s puo by (5500 Jolowe .l Sars (EDTA) w!
o9y 3 (PAL) SWlisel oVl i o3l cllad omio (sl s olisl 3] cllab g pSojlil (el ) @ibo
P35 3 4kdd yr Spelipw J9ogil e dusl Saligws 3 5l jlag05 c2 5 L oS g LOVElY YAV Jlo ing,
10,5 eSS YV &S ohSen g Jamshidi Goharrizi g, 51 5YBE culld (s,uSejlul (gl b odlatwl 5 50
Jlo Gimgss Sy JIDPPH gy 4 Gl culled g ad odlatal 5 59 p,5 2 )3 4y )3 Jse9)Se0 ey
b ol o) Sen o Sharififar v .
Sl b il (390 398 (5 50 3100

o3 e &y g 535 5500 p3aslS I e 5 5l J 55 s 00 Selpudles 2o izri il
Voo ple Al o) G 59y Sekmdll Al (508l sl (29 @le S Sarka Sl 93 Vel e Ciopu bl
45l > uSLaS i live s 25 bsla o35 sl 2 IST Y Jolono 5 o YA+ by g el ) sl e
(Warrier et al., 2013) s (s uSojll yid Lo 59,800 cans g (109l OF+ 3) S yo
g yolis g 505l

5 $9)) SyaenS polie plo g (weadS 5 59y ud quunly) Brasy yolie plai Sy jolie gpSojlul caa
vy 4 bdises muan oS e da ) Ve slod o celn YA G a4 Sy (0 S Sid gy 1w ) oyl
YO o)) sy e Ty e VA azl) shaie T g 788 (S g gt eSbimllos gl 1 0ol b )3 (ygpmsliguns]
s 35 LI ] &y oS oz 5 oy |y (A5) Lae Ko ppilgwisl il e Voo e o a5, gy Lo



VP Foogumw & ylonis cppmitcis g oloeiy 6599 oy lpt] (UL pole g pil OYVA

5 05 5y LS dges §l p)S Y 8T plool (13 b ciSe oS L g alil gl 4y |y Kbl sl 5,5 25
Sl plad b 0 0ol 155 cdoay g a3ls] adiges 4y bl bglss 5l il e Y20 s ) et alg) a Jis] 51 e
a0 Ve glod )3 Gyl 0oy sl 93 o 4y puin sladlg) cae (glod jd 13,5 SOl el 9l dn 05 s
ke ok o g )k dw (S e g 4l Ol g9y Sl adlgd s 0D 0313 515 s (g9, 35 ole
Sl ggy 13ame |y Wl g LolS L2iSTe b 035 whr <ol |y dlg) e 3uunSTT 53938) Sy 5 dny g 4L &3S
wan oo g b So)eS 3,5 b Sy 0 0jlac a8 Sloj osly yiul3sl oL,5 il ax 3 YY- b )] glod woly )8 yin
WS ;b 55,555 (5 Se31 08 Blo 350 5| o 9 LS| (15035 3] oo o S o AT L1338 plos
S50l g yiagidy Sl old b (2SS g 41 yhud ( (Priwdlad (g b plogibreald ol b pally (6 So 5l
cwld 9 31w wlio

VO sled) yloSil ) 9 LSy Lulyd 53 g odr (Sajelsnied sk alsye p3 Cdu Slaoge (BNl (b)) sl
by loj 5l 5y 2w BAS (6)laaSS (Byume U by Sloj edgamme iliie byl ) Z¥+ cugboy g 31,5 il 45y
S gz ool 2 o Soypae g5 (650l loj homis 35 €S bl Sl g yoe Slgieds ool ] laoges Bl b
0y gy 6INSS sla el ndiges Bad s o S5 8465 YD dgdn &S Jloj b Cpans byl dlud dop g
Sypo o] oo bl iie 4 (SABLS 5 (S58)9,8 ( SaSy wdle cySsS oanlie b logee i Jas 110
Folo g 25 ohS cuns pyogre COb (i (09 ) S pteshe iy ST b (s i) ylog yiiy oS jlodlatul b .88
Jsud 695l 5l ookl b ailjgy g o g inlejl (gl )3 ol (claogee 13,8 59 b i (635058l xye
~a25 0gm0 ) Jobore ol dlge jlade b dsslne 15 908 Bk ()9 (BRI 20> Cale )3 g e s ()9 SRR
Hernandez- Munoz et al., 2008 s, ;I (Atago- N1) iwd yiegS 8, il edliwl b ws p d ) o p (58
(Roussos et al., 2011) ui ool gl yid g, 5l oge JS a sl yl5ne (635 0jl0l (glyy g M puans

Fruit weight loss in the outdoor environment (%) = (W1 — W2)/W1 X 100 (v aba,

STl 3 050 (159 W2 (3,558l 1 S 0gse (59 "W

0554 5 C oltng g o il (elgioms horias

2 4y ) Jae9,Sue sy Jamshidi Goharrizi et al., 2020 g, 51 5YBE cld g puSo3ll ioxw (gl
Nakano & Asada  ysg, ;I oslitul b ogee (APX) lasTy byl w3l el oliue s odlisul 5 59 p)5 y»
JC omeling sl hoxia (sl ad (6503l (8)5 90 VAN 3 &8 5 (59 p)5 2 488 0 309, See e
3503l el g s ool diges )3 Voo 55 ol KojeSul )5 e cows p RANGANNA VAAY Jlo imgh g,
b o3l ogee )3 (139 )5 )3 £ e e e g FiSh YooY Jlo (inghy (09 ) (oS slgins

olol Sl g lmodls Julo g 430

SAS Institute ) /) asews SAS (o)l Jl33la 55 51 o3lisl b 00 g5 jlul Slao glyy Wodls g yle] uloes g 4300
oy ly Cpomen b odlatwl (P=+/+0) LSD (y905] 5 ke aunlie (cly b plsl (Inc., Cary, NC, USA
A edlazwl Excel (Microsoft Office Professional Plus Excel, 2013) ,l5ale 5 1 415405

o9y sbasl
09w O yShos g (N 39899 590 Wlho



OV s 9 il /... ol y1 L5155 L0 ol 5 (230 Sz (s j 355 iyt s3] 05bae i (i py — oole)

o5l saasls dlaws S2 jlo o AYV/FY lie & 1) dbles ylad couslys S24M o ol 1Sk duslio yulul 5
a ) Gg SO ey cudly STHATM jlas ol (Lis aodly puyp dimd ol 38l aals & cous ZAYNE e & 1,
(Y Joda) sy ol 38l aals 4y s ZAYNY ()30
o gt § S99 92 d Ol
S 59 il g T g Wi gidg 315 ¢ ludg IS 51 gicno

@y 0)ludls 03556,5 clgimee AYAD (e 41y JS g S (dlgite cuniles STHAFM Jlass a5 sl olis guls
(Y Jgia) 225 390 wali dy Card ZFAFA 50 s 1y 0,luid L yilwgsil (lgie ¢ ZFFANY s

Slas 5 (M) (55/p)5 04) 15,555k 2,6 9 (A) (£V) b Sls s sldgs (SO, S1, S2) ¢jl,us u*‘”ﬁ‘ oylas il ke dulio Y Jgun
N parsS olS slaosiSs) g oge 0Skas ((Sajglsh)ge

sl TR e
5 —aald ol a8
weshe) T s TS T T T i3 () et
(5 0is 5 o (5 oy 08 s b
(¥ 0is
bevealy  fywy/- gva-/v gsely  abess/ve  cdes-/vy (Control) sals
besaly  deve/.  defvssls cdra/s  abeyy/ve  bedes-/\A (V) (A) by Sl shbas Ogk
2 (SO)
bya./y  bsvy/. efyv.y/s cs¥ls abedyy/vy exas (p,50+) (M) 152,55k &6
laysSale 2B + (A) sl Sl
dva-ly  evsy/.  abe.s/yy cavls abed-fy  boryly. R eb ) ke (M‘)
bar-lvy  fiva/.  deruly eamfo  bedyy/yy  bedsy/va (Control) aals
bvv./y  df.s/. gras/y dve/s  ab-./vs abys/vy () (A) sl Suls (=) z;‘;;
beyvealy  dyr-/- cdsyola dra/s  abcdss/yy ea-/\s (p,50+) (M) 152,65k &,
avely  aw./-  asvy atlh cdelxe cdevrhy R et (A ek “(T\‘;
bya-lv  bsys/-  bcasafa fyv/o asslyy  bedvy/va (Control) aals
botaly  evyAl.  fgvesls  de-v/s dre/zv  dev-/wy (1) (A) by S (") E’SL;
cdva-/v  cove/-  defava/s de-a/s  bcdssly- arv/vy (p,50+) (M) 152,65k ¢,6
laysSale 2yl + (A) by Sl
bras/y  dysale  defasy/s e cdeehn cdenshy R BT G (M')
90 Ao gy Jleis] o p3 (g )bline pas oaimd LS gie pa yd S e By S JBlas oyl slayles @
Cwl LSD
Mggll g J5 Jogid sl

Jujy9)43 d‘?b“ P (u'z]l—Y JSW) YANTARE Ol}f,o & ) J9a LS‘?I’“ uwl)sl el SIHA+M Jlos a5 b ol ("_“L*’
(oY JS8) 05,5 als 4y s ZANVY liee 4

SasuS1 5 el (CAT) Y615 (PAL) julisel 1 s 5]

TN IOF fime 4 Wligel VT b 3l cadled il el STFAM Jlag ok plog] uSilko dunlio 3o
(S JS8) 5533 2005 o oy e TNV ol 0 YU o] il Sl sl 82 e 5 (oY U3



VFe Fopguw ylonds sppes g oloely 690 oylpt) (LCl pole 4yl NE

3y lis g 5l anld 4 s ZVVIFF (e 4 ]33] STHATM oy j> Slans| sl clld e ol o
(e JSs)
Sk b dae! (590 392

3B o 03y 58 byl plad pibicow (¢ bliae ok 15 Sebundlo duasl (glgize a5 sy olis asdllas oyl zols
(&Y JSs) el ol aals &) Cons ZYEAINY (ljee 4 S2HA Jlas )3 4y jokay <85

(5 30 po5 1 p S les) Jaid (5 09 P8 2 pSdeo) Mdgighd Jsesib) 5Wligel oi¥iaid o2 551
(55 cidg P52 435 2 ol ool
15::” Control : (:‘IU! Control

. = - 0 < (80) Control
(S2) A+M. ) S0 A (82) A+M e S0y A ($2) A+M 0.06 (SO A
(52)M o (50) M 2 ™M & S0 ™M sHM SO ™M
S2)A (80) A+M $2)A (S0) A+M (S A (S0 A+M
(82) Control (S1) Control (82) Control (81) Control (52) Control (81) Control
(S1) A s1A (S1) A+M SHA BhAR BUA
. ] sH™m
o o -
" =
25 3 288 5 Jeg,50a) ;YU ou 331 [EWEPR I | KVOK e | R | X (o 2 p555,S00) ! Slpandd Lo
(¥ wss is0)
(80) Control C(n ntrol (50] Control
(52) A+M ! [EUEN (82) A+M S0 A (S2)A+M s S0 A
M ' (80) M snM (S0 M M SO ™M
(2ya @ (S0) A+ (S2)A (S0) A+M $2)A (801 A+M
(S2) Control (S1) Control G
o o). (52) Control (SD) Coutrol
Con Control
(S1) A+M DA

(S ™M (S A+M SDA (S A+M SHA
oo a

(dll) S Jg 2 (p)5 0°) lrpgSele @B 5 (7)) (> Sila st slodsS Y+ 5700+ o) (sl gl ojlae 51 S0l aunglio Y JSO
2 {S. 1ycopersicum) (5,545 oS () Sebudls a5 () (a1 5T b (0) YU 0251 o) Jlisal VI i ol () a5
> Sel) AM Y - (3lyed iagl ojlas) S2 1N+ sl (ritagl o)las) ST (158l @6 555) M (> i) A faals) C U5
gl ojlae) SZHA (152,50l B + 70+ (sl sl ojlae) STH M (o> Sula + 700+ (gl gl o)liae) STHA (115800 )6 +
DB+ by S+ 70 il Cpiugl o)lac) STHAT M (1,550l z,B + 7Y+ (65lpd opuingl o,lac) S2+ M (ol o + 7Y+ (¢l
i3 o 5 1) (15,5500 @B+ (2> Silx + 7Y+ (il gl (Slgpdem 0 lac) S2ZHAT M g (15,5500

g polis
osld 1 Ske duslio wlul p &S (gyekay ily yolie i p dite Gll s c3sS b jlow s 3llas
sloss 33 93y AFVO/EA ol 5 ZAVY/Y sl AtM 545 )l )3 ZVRF aud o AYYIPA gy olise

» (M) (Wl pyS 0+) 132,650e 2,6 o (A) (Z\) by Kl s oS (SO, S1, S2) g5l &:1.3'91 ojlac I pSile dunlio Y Jg&
NS oS polic

F s ) opl () eemds () ey (4) Jamd () p3e i3S (1) bejlas

-/

N/ BY7E ivA/\ hva-/. dev/y (Control) sals
o)las o

..va/. (S0)

g-fsa/- g-vly drye/- ds/y 3) (A) byd Sals

Q «a =
&
~

YR <ol hesw. by evvy/. cwiy (p,50+) (M) 152,65k ¢,6

- O -

-vvl. ef..sf b-av./. cavly ave-/. anwly (M) 15,6500 2B+ (A) by Sl
A f..of-  de.ovv/. frviy efvsy/. dry/y (Control) sals

i~/ de..of-  gevvel d-afy cya./. dav/y () (A) by Sils (%)) E)SLZ;
jeewle beae/o foead/. coafy evv./. avv/e (,50+) (M) 155,550 7,8

e--vv/.  b.oel. a.sl aavly baav/ A (M) 1,600 )6+ (A) by Sl



OV 16500 9 il /... ol y1 L5115 L0 ol 5 (230 Sk (s j 955 il poeis 3T 05bae i (g py — oole)

i- /. a-sle e.on/- caaly fra-l- CYAIY (Control) sals
d--yv/- d-.v/. cd-oa¥/- ear/y bavs/. ay-/r ) (A) by Sl (s2) ‘E;L:‘)
b..vyAl.  ef..s/. cd-oav/- INZA gyye/- cv¥/y (#,50°) (M) 155,55k ¢ 8
g--w/-  ce-Me fgevval. hvy/y deyy/. Davly (M) 15,5500 2,5+ (A) by Sl

ol LSD (9051 duoyd gy Jloin] o 53 (gyolins piis adimd ylis ygiw o 50 S yndie Bp S JBlis (gl slajlos @

0900 3t i 16 oot 3 Jolowo wolo 9130 10339 BT (B i (2t 3 ot 308
sl 5| s yoe Kitailys S2HAFM 5 S2HATM slolass o 5l o g SZHA Jlows 48 315 L5 Waodls oy
dgee CBl  hus &S 3,8 jasuie gl pored b ol 8l aals 4 cons ¥ VY ZOYIVA lise 4 cuS g ) ogue
(ZEVIDF) ogro 33 (5508 39 LiblS STHATM Jlos jd .l yiolj8l sals & caws S1ks ) ZEAAY i 4
A+M jlas 5 5 ZV0IR Jolowe dal> dlge (slgizee S jloss )3 @l (aSke duglie Lolul 3 03,5 Cuf dals &4y Cunss

(F Jga) 2Bl 2ol381 smls 4y s ZAVVYD (50 4y (gl s B s

08 32 (M) (65,5 04) 152,50k 26 5 (A) (£)) (2l S (i slo358 (S0, S1, S2) (g3l opiagl ojlas 51 (5Kiko dunlio £ Jou>
SN sS oge (el yid BB dbdewl 5 Jole ala dlge g GRS Wl b a5l
FE O amal b Dlse gy palS bl e Gl e ges

1) ey asy Lo )30 s jo5) il
flom = (ii}: ” (Z)) QZ ’ Pii‘w) S i i
(@r
gy hvy/a a-v/oo fa-Iy izZA% (Control) aals
ass/y- fghv-/a abav/a- bedan/y fssly. ) (A) ol Sl b (;g’\)’
gA-hy es-ls dry/va efas/y e--/y (p,50+) (M) 152,65k &,
arv/vy cs-Iv C-sl¥- abry/s dstyy e T A by m
e-slw av-/a dro/vy avv/s e--/y (Control) sals
dv-/v- b¥-/A csy/f- bedessiy d../vy () (A) by S (") zf;;
bssivy fr./s bcaa/sy efvaly d-./yy (p,50+) (M) 152,55k ¢,6
fvs/o gha-/o ers/ vy efdyr/y beoho et A) o L(T\Z
efy./vs dy. /v dva/vy  bcdessiy c--h¥ (Control) sals
bAS/¥A CA-Iv ab¥tv/a- cdeas/y ary/\s () (A) sl S () Z)SL;;
basIYA fga-/a abav/ya  bedesy/iy c--¥ (p,50+) (M) 152,55k ¢,6
c-sivy cd-/v dsy/vs  abeye/s by 2 @8 T A) b L;;;

ol LSD (y90l do > gy Jloso] grdaw 3 (6 )blize pie oaimd )l ygi ya 10 S it s 5 il (gl (slaylos @

0940 33 (195 5 C (molizg (00 T 51 gimo
5 (Y JS) il 33 LYV /Y ogae VB o3l culled A+M il Jlos ;> lodhy (1 SSle duslio wlul
Sy SIHFATM jlas 3 (omY JS3) ZA51+Y gm0 STl ool mpl el e opyieS” ST jles



VFe Fopguw ylonds sppes g oloely 690 oylpt) (LCl pole 4yl OYY

Lt 3l &y s GIBIAVY /0¥ (8 (elgiona o o )3 5 (¥ JSB) QI # ljs 4 € Gslig
(oY JSS) aisly

P55 AEBS 51 Jogeg,Sue) 3WUEE oo 337 PO POPSC ORI I ) KV 3 PUTLA PRPL O Iprg 1}
(5 &s9 (5 &9 PS5 2 AR>S
(S0) (S0)
Control Control
oR 110
(S2) A+M 0 (S50) A (S2) A+M = (S0) A
s2) ™M . S0 ™M S2) M SO ™M
(S2) A (S0) A+M (S2) A (S0) A+M
(S2) (S1) g S
~ s2) S1)
Control Control Control Control

(S1) A+M (S A S of
‘ > (S1) A+M (S1) A
- (SHM - =
ol S1HM

(P53 2 pS L) € ey (5 G955 2 PSS lee) 295

($0)
Control
13
($2) A+M. S0 A ($2) A+M (S0 A
3
s2) M S0y M 2™ s ™
S2) A (S0) A+M (82) A (S0) A+M
: 2 s2) sD
e o Control ~_ ~\ ™ 7 Contro
(S1) A+M SD A G AEDT IR
S1H ™M
(sHm -d « )
— —

() YL 51 2 (25 0°) 30550k )8 5 () (alyd Sl (gt slodgs (1Y + 9 70V + o) (3l cpagl oyl 51 (5o dulio Y JSd
35) M {2l Sl A fal) C Ut ol 53 (S. lycOpersicum) (5 oee o8 ol () 595 5 () C comslizg () pmsplygind o5l
o) oybac) STHA (I5,550ke 25+ Lbys Sols) AFM (¥~ 6ilyss cysing) osleae) S2 (/) + csjlyms eyl osbac) S1 o IppsSalo g8
S24 Ml Ko + 75+ (5 oo ne) SZHA sl gl 70+ (s oo one) S M sy b 0+ (5
oylas) SZHA+ M (I52)550le )6 + (2b)> Sule + 70+ (g5l gl o)lias) STHAF M (13,650l )5 + 7Y+ (53l (ydngl o las)
i g bt |y (35950ke B + (obys Sele + 7V (gl gl (Slgyam

-

o b 3l b g oleias BaysSale @B 5 (2> Slr (a5 355 sl (pdagl o las Sl edlizul ol gl 5
ohg @) polie (seald cpl dois 1> 05 (WIS polie o (Rl G Bajlegs 3,8 a6 pky g0 ise <ol
ol 13335 oamltio Bl St g S 5T Cllad 03258 e 5o (s120 555 eliee Bl Bl ool g S
polie Gl 39 5 2y Sl slaggersasid (vl o)las Jgb LS 5 (o sy 31 (36 Ve Sl ()
ORIBl (izmen 03)5 Jpaze Culldy I SS9 Slo)l e il 4 jaie olid 3 o5 Cunl 1z ppS0le Lawgs
2908 Sy gdaw g Joho ojlal Il a3 9 puMbiggn SRl caw olS )3 (f9sis g it sosSS)
38es 5090 (19 I3 el cnl 45 03,5 a8l ) Cod JS Jlone a8 ljee g sisd culled il el coles
il o D) Be S

S92 ) GBS e sl Gz g S5 ai il el ] wdl i als jld dx e 4SSl
e ST, S5 gy b LS 3 o2l s o] 3,Slae o Aid (bl g S L 5 (lafosl
ANItA, ) ol Jgamms CashsS g mmpjpsl G 4 oo ccsiio dlgo LIS ccsiin dlgo wodis ccsy0pt2 il sl
b adsl pudglin p (gdsho Sl o8 itl o i Jlb slaJsSlge (sl (st slaS e o8 sl ) 5 (2020
el oS 4 pudgplio 51 ook 51 65l cyiiagl oplae il 35 (AZMIF et al., 2013) 15,038 Lo b 455
srers B35S By baugs Bl jlad (I8 LY 51 adl 0008 Bl b Gl T 1 )0 g 4Bl )3 (8 gend



OVY 1500 5 il /. ol 3y [52)550k0 )6 5 2y Sl (s 0557 o8l (i 3T 0 jlate i (itrsy — cade)

S 45 oS dlo )3 S g Slidems S dlse it gez8 (e polis 4y wyied 5 O ol (I3l 4 Gl e
My cely ) S e dns a1 L(Zulfigar et al., 2019) 905 0)lil c135)5 Kialgs aBls jlad (i158l 4 e
4 e Candg (pl D90 0 ol o)lus Ll laciond yipy Wby doui (0 g S polis | iy eolatwl iy 5y ged
o) » (Raghunandan et al., 2019) 5,5 o Lol ddls (cgy o8 cloadls (codlel (clagim po dlusi yiol3il
A3b osd ,SD Jole din b Sy 3 ol e (6jlmd cping] 0ylac pilicos ol asls slas il iagh
o Klodly Ui (i slagtingyy Ll C855 )18 (toxiw )90 ) b Ti2)950le )8 (gmliisls (gl cnl 5
ol o 3500 Sl 5 pelS ipiste womolty g GBI Sl g s 3 ogdle ppsele Jolse b il
(Chouyia et al., 2022; Ramona et al., 2022) >4 o 6900 (159 5 03181 Liolj8] ¢ JS S5y 29000 ¢ 2a8 il 58l
Ca0 ) sz deue 1y Citrus reticulata Blanco var. Ponkan mandarin cv. Jinshuigan sg.e Jelwe dels lge 4
Sloogad d9uy ) 45 13 g 7,6 bawgi aduy gl jglS 31 3 @l cpl ol Ko imgd opl 3 45 (et al., 2021
2byd Suls 5l ookl w)ls (S J5 3w 4 ogae 3,Shas g 3luws a8 ool il 0003, ogae (Sojolgn b 9 (sAD)
s al8l g olS Eoly @ s el 0y Juad Jobo )3 (S i 9 (el ye ST Ao 51 (Sl 90 )9m908 3929 e,
5 035 o G 5 svbe Sl 5 osee S5 iR 5 Jb i Wlgioe b3 Sl rman 30 S
3 b IS liee il b ol Sils oylae (Sarhan, 2011; Zodape et al., 2011) sl awsly sgee 5)Slas
Gladg )38l b g (Sujata et al., 2023) ouis LS ,5 yin dtwlis 5 88 WJg doe jd g jruwgid 5,00 Sy
A HS 3] Wogre 05l] (Eol58] 5 a8 dad o Jiiie (Wogee) (oisli slapliil & Sy 5l (g i dlgo ¢(gjiwgid
S ol 390 o 0 )las 13 9390 disel (cladiwl B pae | Juols g lime Lil38 L (Zhao et al., 2022)
&S 13,5 S 5, Sdes o doui )3 g 0gme (59 il cumw Al g adl O g i jlad 3,0)l8 48 By LS ol
ol b gillas &0 Jidg)lS (slgime (il el 12)sSole )6 guili o5 €S (g5 0 (i Slopsingly 4297 L
SlS )3 e wds Jdosdy cunl (S !5l oyl (Zhang et al., 2018; Begum et al., 2019) 55 liixo ylo
s 152,550l clag, 5 .(Mathur et al., 2019) wisb Lbo,lS 5w 55 wojuie (slS (i85 o 1 y050le 2B b o peiils
i3 cel s Jubo S ksl ) bl id yolie ol a5 ollil g ools ialiél 1) ol ol g 59y s
anild ol Lawgd Hauwd s )3 ete Ui 1,950k o)l pogMe (Krishna et al., 2010) 13,5 oo (¢ siwgid slno 155,
3,5 Sy gcwdy )l aulejls 5 Iy (il cel a3 5 g Seue cage Mlgie Bk ol il
kb IS (olme 1S5, bais g SlawnS] 5l (claes 3l culled yiol33l Jsas L o (Selvaraj & Chellappan., 2006)
b g ol cmalS lpSgr gimal 399 s obyd Sils o)lac ;) oolizwl (Baltruschat et al., 2008) sl o
ady Gl o kS 45 5 6 S sl GMBgIS 3l cllab LhalS g S g il LS 03y (slaigey9n ol
il Calg 5 g Al g A8 a5 gt S0 g pgl el Sy e GRIBI g Ol e polas g A
asSale @8 5 (bp> Sule (i 395 3,08 @bt oll 5 (Al et al., 2020) 59500 oS Sy 53 Jid9)lS oljee
O3 @ Glal8l o Cunl (Sae 1)9%0le 2B )3 aadsig)lS oliee (ial38l ool &5 23,5 45559)18" Lialj3l o
oLS 15950 padgrlio ¢ adge 3939 a5 louls) (Fattahi et al., 2020) x5, id AS9g,l8" i 4> 45 bl o juio
ojlas Bk il (idge (g edyd edie QLS 53 ASeg)l8 clale Gl eel (jgis g MiSu e deme )
J53s36 5 (CHS) jlitas SVl (PAL) ¥l g0l (V1 i ¢ Jliofsic s e 3l iz (0l0)),8 s 53 1o 511 (bl



IFeFipgu &ylads i 5 0lmiy 8590 (ol (ULl pgle 4y o oyt

YLisal VT i ol i b s Sl 365 aSiy) ;s (Abd-Allah et al., 2016) xS o pulass (FLS) jkies
Albergaria ) 53,5 o b plawgs] il 4 e 05y olacS e g g0 y90 daes lg5] jubsi olapuilSe &b ;|
9 (1)) by Sile 565" (2l jloss olyon ds (3lhd agl TV - 0las o 3,08 pimgly el > et al, 2020
igol sV b o 3T codled (ol b 48 005 b iloungil (lgime oy iy (STHARM) (5 04) 152)5S5lo 58
oY1 Jd w3l cdled [l 4 plugsl Clle sy oo laiay wmd o Gl ob (Sinkes (o5 jleg (ren 5
S (S 5Wligel

oybas opl b alS Hlos > wed 4 9 (Zamani et al., 2018) ol Jgib @luS 5 gy (g5lpmd puingl 0)lac
b il 3l )3 laadgigdl 5 Joid alox jl a5 slacplio (I8l 09 dalss 15693 5 JS Joid e (Al o
sl 03 53 a3l Codlsd poaii o Slplio (slb puuno (gjl Jlub ¢ glie Slge Ll Sps s & 1ysSile 2,6
Zhang ) s¢ e el Joid LS 5 5t clp p3Y (655l yamd s Jialjél b & ¢ )okes (Zimare et al., 2013)
Ao 155isMs o Jsibsng s doyiliaysls sile sl oSy dgms Joas by Sids o)l (et al., 2018
J5d 2oy Sl cage o)las (pl b GlalS Jloss 5) (e jlg ol (YL Ao 5 J58 (Ll < Jgd slasdsy
2 W gel YT Lid a3l Jgi8 LS 5 stiwgn pue ,d a5 olul;l . (Caradonia et al., 2022) 54 0 ASgigMe
395 kel Jlogi oo 4y (giled ptagl TN+ o)l lai 2,0)7 L gy ol 5 9 90 43l bl 02 ke
koS 03,5 e jLlgol sVl s il cllad (it (STHATM) (p 5 04) 112ys0le )8 5 (4)) (2bp> Sil>
Cllsd l38l L jless ool 45 )5 amis (lpi e Mlion Luslyen Jlod (et )3 (Ga5959ME 9 (i LS 5 a4l
ol 023)5 53555M6 5 Jgib S 5 slyie > Gl o SWlsel YT L 3

0232, SV 5 (PAL) sWligelos¥lLets sl 3l callis Gl o olas 3,05 o8 332 o] ] S ol
Sl il 5 42 1y Y1 b= L gilbinnsS) o gmnlinels o8 ol A353bg 0 Juid poamo whe w3l o PAL Lol
a5l padonlio b ]y ady) padgrlio a5 ol A5gilig i b e o oo 00 Sgme 68 T sl (el S oo 3B
S 5 sl 3l (5 welals 5 ol g Mlg5 o (BLS slaoslac o5 ,losTjl (Pant & Huang, 2022) .S e b e
w5 ol 50 i U PAL 3l cldld alS o)lac cul (Koo 35 bxul 5> (Bernd et al., 2014) x5, ,50
ol ol G 5 PAL w3l ol Gial3l s ajsSole g6 asl oo pueis w3l cnl colled 2 530 0
oylas ;> 34390 clacslu T (Wen et al., 2008) K45 o (s059ibgp it (claps ] jwgn pwo  Ju3d layy;
195 sS yal a5 Lljl (Mamede et al., 2023) a0 Jd |y PAL aile alisee oy clags 3l ob,s Sils
oy (Behmoaras, 2021) ol Joho (sla y58Ty calises (cla oo 13 Joho pundgolio )3 i3> slaw 3 51 (o5l
la;YBIS 558 PAL 51 collad i pSaiiar (il el oal Olo (0I5 b (s ladgs €85 4
15 g b 5 A p3Y ST 00 jlarkio (el Jobs 15 (S5 el 45 At a1 5T el 51gke (CAT)
Clate 5 o5 Glo yd s Uy alS slae,lac (Coulibaly et al., 2021) sus™ wulas 1, H202 clale ¢ S5y

oxim3 L5 ol 9 8, )18 )y 3,90 oL At (ISUlgyhem 0 lac 3T il o 3 )1 6LS (Sl b 53 s
s Lok ol > (Baran Zehi et al., 2019) 54 ol s)las pl b oosds jlas LS o VB o5 oo Gzl
Al o ol callad 3 o SYBIS 5 o G2l b (g5lhmd gl oylae 2,018 il (S
aS 15,5 Sl 5l cdlad ial38l Can ail8las 5 Al g baylews 3,05 aS 0l LS gols g ol p
Sl 5 ol el Jool, e Solsd Lialejl <K 3 g JYBIS o3 o St @l 5 Liulsdl bl p> Lialil )
i 2 Lt el ol @l 08,5 51,8 o 3,90 (Sled pdngl Joilie o)l bausgs grslinusTyy p (SH5)5k
;b5 & (Sharififar et al., 2007) sl (SauS e @)i8 (A s AY Cuiy &) Joilio oylae laB e o lod gla



OYD lpe0 5 Sljeolal /... i y1 1511350 b0 g1 5 290 Sl (s 955 5.y a9 opbiae 4 (atigfy — ale)

o Bl lad S 3 Sgib sladusl 5 LaSeaMe Wile Jgid LS 5 jais 4 by pe yidiy Culled (] &S Sy o
Duenas et al., 2006; ) cul oas 18T (5,155 iz s sl o Josl, Ol laicay Joid oluS 5 oals
13 dg3g0 C-terpinene g Jg,515,l8" 5 Joous SlawnS] 51 ol (Katalinic et al., 2006; Thériault et al., 2006
1 SlaST st cdld Lioldl Limgss ol 5> (Habibi et al., 2020) caul oas (5155 Wb 35 65l gl o )las
- 5 o 3T culled il 38l il ojlas 393 Sl 5 ol cleds cul (Son (65w puingl oylas 3,8 3]
Sl 5,650k 2,6 b odd il als ,» DHAR s MDHAR GR APX (CAT SOD layj ol g (sl
e by clals (Yeetal, 2019) uS o Wl ol3T sla JGol, dal)l8 oo 12,550 ke amd o s 4" Consl o
Biris-Dorhoi ) 15,15 el | (6 pSsls )3 cote L5 45 At o Jgid Lo aiile caliseo (gl ylapunST 51 51 8
2y S wle oaiiS gy (slae 1 Mg p e ),;‘;ls by K> oylac jd 350 oyl (et al., 2020
Iy (=8> sla STy iyl a5 BB ShnST 5l cudylo 5 g oo cdl ol Kils 5 a5 Glilgus slany Lo b
(Mukherjee & Patel, 2020) 1S o S o0 LS 5

Sl 1 L Siliwdlo sl (glgizes yo 1y 31 g iy S2HA Jlos gy (pl 50 0l 03y )5 4 (gl jloud y )
09,5 M2 b o gl i Al S 55l ©leS 5) Jb SlS 5l (S (el Sg i (S 9,40 SA) Sehl
Gy 2,8 & cul s 5,55 (Dempsey & Klessig, 2017) 544 oo jiwe LS lawgs oS Conl (JawS gy
i GBSl 035503 5 (S sy «01j5 LY 5 Whogee (g Aul8 (LBl G gwiar cael Silpglo sl cudly 1 g
Alizadeh & ) cuol Jgib luS 5 5l g (gjlpmd ouingl o)lac (Asghari & Aghdam, 2010) >55 0 sgee
ol My K,m0 el b wil Showdbo Sl 90,98 )ty (Slgydud oylas cowl Saw i) 4> (Shaabani, 2014
(Bilal et al., 2018) x5 0 b 150 p9m9d (513009, prbanw Lialal el 15,050k (slag )b asly K5 ydas g8 olS 3
2 adgl Gial8l Loyl (5lgs Wl 5,65k 5B s jon Job 50 Sl ol (20 JUSww &S cawl ous slpiioy
S Vo] iy (ogmaal 35518 (sdmr Jolyo 13 93 Sl 5 o (IS (ygmusl gl £, b 48 Gt S iy S e
ol w5y slyygeyon e glgl oie ol Sls oylac (Filho et al., 2016) xS o JyiS |y gmelssls
olas 13 5290 (y9039m (! (31,18 Sl 3 b (S pu dsl g S fnl sl (Sl Aol S gm0 S
.(Zhang et al., 2019) 5950 Subewdlio gl (lgimo il cacl oS Sy y265 ¢ (p3 JiSuw Baybo 5L g

(C) s2ls ool 15 ool 3giaS’ Cargo i 5 5g) ool Wl (gpolie cldo (1ol b LB SB iaghy ol
b S s (M) 155,500 256 S5 lajlos &8 ol lis gl (SB > 39350 jawd Jlog polie pf yule
gy 42 0 PH (ndge Sals 5 JI (slasoul b b (SIHARM) (gl (gl ojlas L S5 50 ofse: (A)
2 gy S5 L adyy olos paw bl 5 2lyd Sils bawgs dtal (ol (ol 51 36 Ylazs] a8 wioly a3l
Sigy S5 3,Skos (I L o 15 usi® dsue 5 Judg S i G & peie 035 Gl dgete il 32 TiysSelo
Lol s 3gaoe Wls PH 86 cov yolie opl Gl «SB )3 quwlty § yaud Jlop polie pfple il Jlgen
A5 gty ol qults S sy ol il TNR8 b, jhad ol dnjblind e b 1izyeSile )5 gl (sl e
(JS yawd YV/+Y PPM 5 Jglmo yaud WY pPM) IS joud b bws polie (ol iulel 3,90 SB- ax 31 ol
LATM (oS5 o ofg) [i)sole @8 ool> sbajlos 53 pud o (e ) gz s Lol 092 (V )
2 yhud 4y olS awyiwd (ial38l g o 0 1) 15,00l 2B s job Cuenl s oy ol Cawd 4 (ALYt
Jobro mawlty ol b 55 obyd Sils aiiS Lyl ol ais 4385 53 (0lS i85 (phnd 1 b cbSB clacydgioxe



VFeFioguw 6 lass ot g olety 6,99 i ylyt) (ALll pgle i oS

) (§BdgS Caon] 45 39 dals lalS 1> puwls 39S da g Pl 4SS LuiSy dgug ZANYY/ Y B )y pate ol Gls
ol 0)lg3d plSotinl 4y e paundS” Cda Doty b STHATM [jlai opl 0 0Me b o lii ) S selunels Loyl yis jo
Jiboay Ylsanl 3 lnjlet cnl 3 59y 5 0al o dgate 35 0gen iy 2RI 13 x5 5 (TPAIRY) €l ks 330 5
i) Job bS5 st g Sl ol clam sl cudld )5 oadS 58 45 2g) dgS )3 39390 oaiSHMS wluS
S o

I sl e clale gl cMlo Sals” oay (VIY) (obl8 PH L adlae 3)50 S 0) Jgu (slaosly (olal
(PPM +=0+) (S5 348 Jgane ColiS pans 4 Cunmd ol 155 29008 )il o ol s salds Jlos o ) pais ]
L (A) 2bp Sk PH (roge Sials 5 I slaseud 35 b (M) 15500 )8 alox 5l () slojlog ool
ool Gla ol dgt0 4 (Sw (Jgib SLS 5 L (SL, 82) (giled gl ojlas 5 Sl ale eaiS NS S
S 2Bl Sl (PP 15) 2oy -/ 15 4y oo CIE (55l (gl 1Y+ eylae) S2 o 2 ooy B0 s
55 STHATM ke oS 5 el lasi sl ogllan 3 51 il olizman Lol camd o L5 A5 18L5 4y s iz o
51148l o] (ST g5l S ) oIS ghoty 1y (oal 35508 sitadlg ctivg 55 ol sl s 3 s 5]
3)8 wiile oSS Mo diojls oW oS delunols Loyl yis Lol s )ls a5 yal Gde dguy 3 i) sla by,
IoSie oS ) gy 45 4 ol Gy lerd 5 ) Slagiy) Gl nlple sl ol oS
ey oo S 4 (6908

o 10950l )8 il & Canl (o D9 o0 LS 53 (e dlge o Sy 25 el T ppSule )8 (gmlisls
R3B! o 3 9 555k M55 I3 4 i oS a3 Gl (e B 5 4 ] 5,5 5 5,5 ol il iy
Sial5dl U5 TsSsle B il o Luslyan Limgd ol gl b & (Mitra et al., 2020) 34 o 035Cansj gos
dagisecuiy gl (Nell et al., 2009) k)l el aca L;).c) Py yaud pnie shgd Sdme (sdxe dge Ll
Smith & Read, ) aad o (il38l 1y uo 9 (59, 35le b gdro iy 4 olS  ow yiwd 133555 le )18 &S Cawl o 5))35
olS clp |y (Same (gdao dlge g 039l Cawd 4 1y 393 5Lidyge (cdke dlge 0lS ddiny b i jed Sl b 5 .(2010
Hxe dlge I3l 4 &8 A8 o A5 J5Snge)l sl )il 152)550ke )8 ol iy gy (slaJghs (193 A8 o (0B
Slgo ples i il 1y6S0le )6 45 el oyl o Lo (Prasad et al., 2017) 1S o (KaS yiud ¢ 30,5 S 5
Evelin) sad oo iy 25 4 poxie &S dad o 4idlS 1) Cl g Na Gl Sy g Midu 0 daue |y (5)9 00 (g00
Sl oo 1iaysSale )8 Lawsy LS (ot ol JS 51700 b ¥ Lo oS wlosls ol adllas i et al., 2012
i}, yolic (Ahanger et al., 2013; Hameed et al., 2014; Hashem et al., 2018) 545 Jazio o)l o\bswe 4
Begumetal.,, ) bsi o wds LS bwg ol )50k slcan S L SB )3 dguome [Lisl b e 5 (55, Llo
2 55 5 sl oS eyl pdlie g Gl 4 e by Lol gl (2> S ojlas (2018
e by Sl sladgs (Mamede et al., 2023) 20 0 o595 sk o 5 il gy (Salie slass),d
S3ao dlgo K3 o 0LS azes 15 5 w3 oo 1y pibicon 1) dBlu dy sy s g olS Ay Ay ¢ paud cawlio Hlade 3934
O 31 oolitsl sl sl 1 L > Sl 4 lonTjl el ogMe S il ys SB i as oY 11, p5Y
by Sds ojlas 4! was gl (Pramanick et al., 2013) 544 0 olS Sy 13 paie opl clale (il58l cely
$9y raie slgimo Lialisl el cul (Son )] 15059, 5,8 (Ghafari Zadeh et al., 2015) il o (g9, paie (g9l
s gog) €3l 5 (11 11Y) ayl ol il (Sl b (PH=T.2) (LB S5 53 03 oapn (S5 s ol
D5 opuine o iiiasd (slouy (K55ansS )3 Sy pndS I3 sl ngio S5slS 5 bl Ygano oS
S sl oo ol Bk 315 93,5 g (CACOR) s liS g 4 Baas oS Ll ol 13 5 12



VY (15500 5 il /.. ol 31 [52)550k0 )6 5 2y Sl (s 0557 o8 e (it 3T 0yl e (itrsy — cale)

b 31 Vil (S1) gl ojlas b (M) 1,550k 258 5 (A) (2by> Sl a5 e Jlo 0l L g on o3 BBy
Slacbodlgw 9 Slo3T g b b by Sils g S5l il 03,5 Byl 1y Codgasme ol 05w (slapans!So
B oS3 cow ;I (Ca-Alginate uSheS L&) 15 opSsls o] oy 5l g 03,5 &M |y S azasly i
Bl meels M g 03l ol ) phug o) (mdge PH Sy o SI3ST a3l I slasal 235 b 12)sS0Le
Opped L3S @l 8 1) S 590 blie jl mulS Gl GGl ()8 slaciis Sl e sl o3y o381,
S Jbo  wlodls Ll |y wedS 4 adyy cli (episden Y| (Jsaw Ale) cpuiagl ojlas Jotb oS 5
o) o3, (K55 1y (ACA 5 CAX 15ls) mandS i Jas! slopy oo ol Suls 53 39390 (gl i siams
D)1 392y paie (pl Ol Codgie Jyens job 4 oS 0dd aulyd > panlS Ol pSede 2900 4 e (oS 5 O

b Sal bl Slisgad wle alisee lolos o licou g il i 45 g ogme bl i il 5l Sb mbs
st holS(SaMS, 1999) 5,5 o )18 sk 0> S 5 5 sl olol b o (elgiomo pliondon LS 5 ¢ Jghos
)33 (Sl Cuaglin (halS 5 Sy Mo ol b 1B ol )02 (5509, oas el ) e 0gr
Wle (o389 (SOiearied Olyss dond (D g el Weh S jo0 csly ogae (o, (SU eL AL, 2022) conl Joleo
Lis el o5lpwd opogl o lac (Garcia-Gomez et al., 2022) 395 o 18 9 (I sl )3 i g 0gne <3l e 3
slis ey 0 Jdd clamil g olas Jlb (dlipl pnr (iSem s 4 by caril aliuns S 45 45 050 ST
Mg Sials 3 b wslwl g o)las 31 .(Asgari Marjanlu et al., 2009) cul jl ] o piSs 5 5Y5ko a5le  Jobo
= s (S35l Jdsdy dwy e Sl 4 sl adgs o 31l &S (Yousuf & Siddiqui, 2021) 51> (6,555 ags oLl
s s 5 51 15 5 28k g Loy ol S sty i (ACC) sl Siia 3,5\ ol i
059 Sy IS ysbdy (ABM & Mizutani, 1996) sg: 0 090 (S 53 U 4 oo a5 03> LialS' |y 0391 3
(Jokw lol Laas (Lattanzio et al., 2009) cul 5,05 51 5 Ol bl Jddas (alS SV game cuildp jl
$sbo 5 5 ligpgS VL sile sl 5 Jsbo olsps oS ey SlaresT alld oo ol 51 b s o
{Zhuetal., 2019; Bhan et al., 2022) > o0 0900 plSocinl Lats a4y oo ¢ quitls s oo iS5 31 yianl o 135S g
sablgie apuslSe )b 113,50k )8 5 (b Sule dgS g (55l d (piugl olae oS 3945 0 oamlite cpl ki
gy ald (slaogee 4 Cud 04 o (sloogee (g 9 (Adpy Wl (BRI udS (lalS g Bl (Fh Gl el
ki bl g yee Jobo I3 o )3 g 43Il 53T 4 |y Waoges (6

dlgo lade (Lopresti et al., 2014) uiS oy |y 050 CutsS &S Canl ono Joloe 51 (SS Jolore dols dlgo lade
o0 33 Jolome (Sl (piSy (iomen g 090 )3 d9290 A8 (ljse bl Wlo e (glayails 4 oge ) Jolre ol
I3 oty (651 gl ol sl 3T oolitl U Siiaogth s s 5 S JS s I3l (May, 1997) 55 (S
(YUe etal., 2022) 53,5 o o550 > Jslo sals g lse Linl8l Lolate o b Myapus] sy yials3l 45 i uba,lS
A5 e 1ol b o il g g il ey S el &S lalge 1L (3lind gl oylas ol ogdle
sl cbale b otis bl sl (Pathare & Al-Dairi, 2022) 4iS' o (605 sl> Jolowe ol dlgo (ials” ;|
Ola Lil;8l (Shokrollahfam et al., 2014) cul ogee cutS )3 wte slyial )b 51 (SO g ails oo o e I
i3l b an sl ial38l opl a5 (Shokouhian et al., 2019) 3945 oo ol PH (2l g o as bl ]33] cacl pumlsy
Sy cillas gk cpl )0 s sladsS I eolatwl 1 )0 pawlsy

Sl 18,5 )38 olas 5 o5 9 5 Sl (Slyios 5 STy lySinl 5 VB slony 31 clled
ek 3 STy g YU 5 6o (Kiaya, 2014) A8 o udiS g Ak 0135 joito Cudl s Sl oy >y )3 laoges
Ighodaro & Akinloye, ) aS’ e 4355 38T 5 Ol sloJoSge a0 1y (159,00 Sy &S st o lalins] ol



VP Foogumw & ylonis cppmitcis g oloeiy 6599 oy lpt] (UL pole g pil OYA

4 .(Baran Zehi et al., 2019) 3,135 13U Wogse (55l 38 59y » lgi o (20> LS 5 odm 0 )las (2018
(Lobo et al., 2010) asl a5 olS 5l 5 (2lS slao)lac abugas o1bd lags 3l culld inls sy o s
Evelin & ) wib oo b giioss, (391 0y, & dims SOD g APX CAT (slaws 3l culd S ol sy <l
i el (Cu g Mn Ca Fe Mg K P (N) Suxe polie gl (il b 15,660 z,8 (Kapoor, 2014
W ol Cygmed (6y9p6 Sdme dge (g9l oLy Sls (Hashem et al., 2016) ams o yiol33l 1y Slas] 5l oo 5]
oo 0992 LS ol myly ep ol il cmidnrg) igSebies IS 0,555 hud (sl (13555 cupndS| (5350 cpgaise]
SalS 55 Sl 5T elag 5l el Gialbl a8 el ol ol oo 4o 5> (Nasmia et al., 2021) el gulss
(Alguacil et al., 2003) Wil g Jols gy bats 4 bgspo Cusl (Sow (2byd Sils 355" L o gradls

el andso &5 Wogee 3 gl pdplio GEal38] oty o by 2l (o 53 050 Jlob slasisS 2ol
81 5] s | ogeo il sla Gl 51 o3U sl 51 s sl gl 90 (Sejsdon slalid 4 ol
Lol sasamST o151 ola JBGaly 4 1) b g i8I oy asanST 5T .(Qin et al., 2003) wiS o odliiw] con 3 pué b (on 3]
S yoSanl Sl IAPX Sl 51 o 3135 o oy 31 1) 15T (el JISGl 51 bl ol g pgumoliunST €518 g 08 o
s open 45 (Mauch-Mani et al., 1996) LS’ oo oolitwl 395 (595061 juiSTy (sly y55BsS" lsicas (C yuolisg)
Sogee 53 SerysSeal sl YU Slgizmo o (IS B3y ]| g 0139 53 (£l SVgarme 3 C sl (ljee
o o2l 33 APX o 5l cdlad tals 5 YU ( Sgie slacadld Sy ol (e (55l gl o)l b osd o
Slans 51 9,5 Jbd 1 Lol yolie I S yaud (Ayranci & Tunc, 2004) wsb (6,115 093 Jgb y> w5 ialS
3 b 35 C meling e Llato oS Lawgs sty 5 (955 e Gl b g ol € ppaaling iawge j> Jub
oally g i ooy polic 4 olS wyiws il b 15,08l slag b (Bagal et al., 1989) wb o i3l
0394 W peling (S g w8l BT5 (B9 (kST (9l> a5 oL ys clacsls 4 (Dominguez-Nufiez et al., 2016)
s (Thambiraj et al., 2012) a5 )5 SuyaSnl duwl (205 jlade iol38l el il 0 E 9 C (slapolisg
sl 055 s tn Sy (S5 5S 5 el S Jb (S0isS 03 1] 8hme Y b b A3555)18 Sy
yudw pawls ((George et al., 2004) 5 )y  Siuon (psS Hlde b sl 4 (5,845 65 cuaS .(Jeong et al., 2019)
Sl alS (claogee (Javaria et al., 2012) aad o 3 Lslicos |y (S5ysdesS olS peS jlude polic i jl
359 (95 akans (3L s (2> Sl +132,550e )8 +63lid gl 0)lae) s slaS o ] L oy
Foogn > gdie o3l ol B Jdsey 5 ajloss (nl ) 0ad €Ly el gslaw (YL 4 bgye conl (Ko oS
(Trudel & Ozbun, 1971) wil asess,ls

Lolgiin 9 (3 5 40
Jools ol IS Ojaods Sl adllas 3)50 (S g (oS Glaw dany cely (g)blize & ygody by jlow Db L puls
O il G g LialS g baas ( Jaae Jlg5 0 ),,>b el b L;Lmd.xf,»fl@:ﬂ 5l oolawl &8 ol lis uib"Lo)'i ol
2ol 3Sles (I3l g olS 435 dgu0) (st sldgS ] odlisl olo Ban 4 4o g5 b g Wigd e ogme (s3ie Blge o415,
sbodles Spas il iy lp (wlie (0l Wlg e Y g cpl [ Jarelun ) sladin bis 4 S5 LS
dalgs Jlid 4 1) oobatdl 5 aocinj slacawl (1o 5 olS 4335 3500 45 All (£l OV guaze W55 )0 (oliend
il jlos olyen 4 (il cptngl TVe ojlas sle S by cido 3 odd 03,8 4 (slaslest o 0 il
o o )3 90y olaidl 355 1) 5, Slas 0 5V (Ws: [p)504) 52)50le @18 5 720 (2b)> Sl () (sladsS



YR Ip%0 5 Sl /... oliao s I3 550lo ol 5 (51l 0 Sl s § 38515 s s3] 0yl il (otg3y — code)

@) @l gt Cadly o ped 55 (0s LRI o) (ieS 5 € el o) ladss (3551 5 ety
INICrAN

sbgingh 425 4 b & Cul (29 JB (BLE0g) sbcusgiome hld el gl d92g b adllas (]
5 b e 25 b Lo po @l s 3550l )8 Lawgi Ay igmesliglS” i (650310l pas s )l o]
o 2l Vgons maliislt (i yid (2 S 13 & | el 4l aslpe Cunlad pis b Ty oS
295 o3lisel gl Caibga b (5l (JoSgo GBS L 98y Sn (sl ) oais] llllan 53 295 oo Sladty
4 e ol (San (U351, 5 Jgors wle) Jleb Sl 5 515 51 (gl ool o)lae 35 (g3l il pas pgd
|, GC-MS |, HPLC ailo Lo (sla b, 51 odlisul &g, 48 13 o ol S 5olsnud (slagisly Ca il pods
siilo oyl 385 JyuS pas g (gisjo byl 50 amo Ol s pgus il g0 ST Lo lae (gjlod il (4,
il b ol (SIS 005 S Lyl 55 Glalol S5 el bty sl 4iliS (5 glts 2 Wl S 5 Cagb) dled
«land oS Jo (S gySL ofagr (S pongSue Clin (qw)y pie pyloe D9 S (e Laulyd (3.8
oSeegiilie Jobsion o5 b Glgige a5 el 03,8 dlml polie la Sy )3 ) sS55I (ol
S (Slr STl gl ojlas sla s siile) JT @l 5 gLl b)) pas ooty 3903 Byl |y ol yausgsn)
ly S gleg)s lagionis plol & sl 03,55 wald 1) (olowd oo jl (Sefglen s Il SSE (Sl (Jguazee
o phytunlio (Sl 4l by salgd (LIl eai) slaginghy (oele Hlisl kS lacadgize (ul @) djloe 6y902
2,5 daled walyd 1) 558> (60,8 sladuog 4 oliwd § alie Oldllas b il

S il
0l (yeoli Ayl iyl )b gmild ol Ll (ol p M) ol aimgty lyliel jl yimgh cpl sladi e I isw
Wl e pMel |y 365 15,08 il po dliwainy B, &S



IFeFipgu &ylads i 5 0lmiy 8590 (ol (ULl pgle 4y o oY~

&bo

7S5 (Suwgy S8 2 oy bl 585 (VYAY) i gogio 5 plited ciamnd f e sisdgims £ aillp) csble o 5 ool
IV (YA ooyl lalS aslilad (Ighe) (S5 8cugr bl 5l o CutsS 5

Lé){ U) ULJ 9 L.AAJ[&B d)jo)l.b] (\\Ni/\) Ldobold (uns d)..pb 9 p.la.cl ‘d)w fw.‘{).o ‘@me ‘JM> c.)‘)J‘nMC ‘du..«.‘o ‘u‘“)ul)b
FEY=YVE ((F)V e il g Joho . oibgy slaylos cov JE s slrogae oS Slas ¢ colis] 5T slaes 3l ]

Si5lghrge i 5 S eS| 5T ol aunlie 5 5 (ITAY) ot s (ol 5 S cossad 5 > 50l
2LS (Sile 58551 sla yimg) alS axe (59ls 56 (LYCOpErSiCON esculentum L.) S jsas o5 caliseo pl6)

S I8 iy 5 OVVRY) s iy G 5 I s (B £55008 st £l i o) (2 oo ool S
<(Y)‘~V ‘L&'b‘“f uIAJy (Shab|0n) U9LLVJ WB) 9]1 0ga0 wl))) )I u uJLO)L.JI 9 u.n.S dl'muf)"ﬁ » WL» J.:.w‘ 9
NO-YF
JOF-YYY (VWY ( SLel pyle gs8 655 a5

o 090 (2l S (6ylow S g ol olagunl Al (VF-Y) L pmcdlie (g yalb g bl duw ¢ milo fplyn 0dlj e e
Se=¥A (W)0- ¢ olie dlge cuiblag, (Zataria multiflora) (¢;lws cpiogl o)las bwg

dlo}e(‘é u..s.l.g.).) &J> D)La.f- 9 0)91 .)95 o C}'a.w ).:‘ ) (\\Na\\c) LSL'“”'\"’C :u.sMS 9 ygaio Juw c.)‘):.\.».w ‘u.s.)i cobljd)lﬁ..c
A= (Y)Y ely; LS (g55la 500 .paiS aily 5 )Shas 5 (S35 ud Olas 5
N AVYE (TAR (alS 3,518 5 41,8 698 (5 Ll 53 iy ciliee slaarl b Y5y )

0y (S prsS CokS g 0Slas p K S g Solel Slaely 1B (1TRY) o (sdee g Sk (Sno 0 LigdS
AA-AD (V¥ o g jum pole doliliad 55 . il ylo

byl Sy b bl oymgl Gld b 4l e pastisams] @l S g 5L (VWAD) 1558 ¢ 5565
MYV alS cladg . (S ydan S
(cs5,9188 @95

Slacadi gl oy J 5 (ol 5 oo S5 Jlse S5l JymS (0¥ ) ol ((Sivs 9 048 ¢ S S (St il ey (s
Jay-yvyy c(\c)\ﬂ ‘LJSAA))J Dlﬁf » u)ﬁ: ul.m.o:z.? 'UI)J‘ JLo.w 2 ULS).O 0940 ‘_549)1‘./::



O 16500 5 Sljeole) /.o Sliio o 131,550 bo G35 5 (b0 Sl (s 355115 s s T 0 jlae il (itigfy — (oode)

REFERENCES

Abd-Allah, EF., & Egamberdieva, D. (2016). Arbuscular mycorrhizal fungi enhance basil tolerance
to salt stress through improved physiological and nutritional status. Pakistan Journal of Botany,
48(1), 37-45.

ABM, GR., & Mizutani, F. (1996). Effect of essential oils on ethylene production and ACC content
in apple fruit and peach seed tissues. Journal of the Japanese Society for Horticultural Science,
65(1), 7-13.

Ahanger, MA,, Tyagi, SR., Wani, MR., & Ahmad, P. (2013). Drought tolerance: role of organic
osmolytes, growth regulators, and mineral nutrients. In Physiological Mechanisms and
Adaptation Strategies in Plants Under Changing Environment. edited by Ahmad, P. & Wani,
M.R.. New York: Springer. 25-55.

Albergaria, ET., Oliveira, AFM., & Albuguerque, UP. (2020). The effect of water deficit stress on
the composition of phenolic compounds in medicinal plants. South African Journal of Botany,
131, 12-17.

Alebidi, A., Almutairi, K., Merwad, M., Mostafa, E., Saleh, M., Ashour, N., & Elsabagh, A. (2021).
Effect of spraying algae extract and potassium nitrate on the yield and fruit quality of barhee
date palms. Agronomy, 11(5), 922.

Alguacil, MM., Hernandez, JA., Caravaca, F., Portillo, B., & Roldan, A. (2003). Antioxidant enzyme
activities in shoots from three mycorrhizal shrub species afforested in a degraded semi-arid soil.
Physiologia Plantarum, 118(4), 562-570.

Ali, MY., Sina, AA. I., Khandker, SS., Neesa, L., Tanvir, EM., Kabir, A., & Gan, SH. (2020).
Nutritional composition and bioactive compounds in tomatoes and their impact on human health
and disease: A review. Foods, 10(1), 45.

Alimosazadeh, P., Sanei, S. J., & Taheri, A. (2023). Induced defense responses and control of blue
mold of apple fruit by Zaatar (Zataria multiflora) extract. Food Hygiene, 50,49-60. (In Persian)

Alizadeh, A., & Shaabani, M. (2014). Essential oil composition, total phenolic content and
antioxidant activities of Iranian Zataria multiflora Boiss. International Journal of Biosciences,
4(4), 97-104.

Anitha, KV. (2020). Role of biostimulants in uptake of nutrients by plants. Journal of Pharmacognosy
and Phytochemistry, 9(4), 563-567.

Asgari Marjanlu, A., Mostofi, Y., Shoeibi, S., & Maghoumi, M. (2009). Effect of basil (Ocimum
basilicum L.) essential oil on gray mold control and postharvest quality of strawberry (cv.
Selva). Journal of Medicinal Plants, 8(29), 131-139. (In Persian)

Asghari, M., & Aghdam, MS. (2010). Impact of salicylic acid on post-harvest physiology of
horticultural crops. Trends in Food Science & Technology, 21(10), 502-5009.

Ayranci, E., & Tunc, S. (2004). The effect of edible coatings on water and vitamin C loss of apricots
(Armeniaca vulgaris Lam.) and green peppers (Capsicum annuum L.). Food chemistry, 87(3),
339-342.

Azmir, J., Zaidul, ISM., Rahman, MM., Sharif, KM., Mohamed, A., Sahena, F., & Omar, AKM.,
(2013). Techniques for extraction of bioactive compounds from plant materials: A review.
Journal of food engineering, 117(4), 426-436.

Bagal, SD., Shaikh, GA., & Adsule, RN. (1989). Influence of different levels of N, P and K fertilizers
on the protein, ascorbic acid, sugars and mineral contents of tomato. Journal of Maharashtra
Agricultural Universities, 14(2),153-156.

Baltruschat, H., Fodor, J., Harrach, BD., Niemczyk, E., Barna, B., Gullner, G., & Skoczowski, A.
(2008). Salt tolerance of barley induced by the root endophyte Piriformospora indica is
associated with a strong increase in antioxidants. New Phytologist, 180(2), 501-510.

Baran Zehi, T., Gholam Nezhad, J., Dehestani, M., Jafari, A., & Naseri Nasab, F. (2019). The
evolution of activity and gene expression of some antioxidant enzymes and qualitative
characters of orange fruits under cover treatments. Cell and Tissue Journal, 10(4), 226-242. (In
Persian)



IFeFipgu &ylads i 5 0lmiy 8590 (ol (ULl pgle 4y o oYY

Battacharyya, D., Babgohari, MZ., Rathor, P., & Prithiviraj, B. (2015). Seaweed extracts as
biostimulants in horticulture. Scientia horticulturae, 196, 39-48.

Begum, M., Bordoloi, BC., Singha, DD., & Ojha, NJ. (2018). Role of seaweed extract on growth,
yield and quality of some agricultural crops: A review. Agricultural Reviews, 39(4), 321-326.

Begum, N., Qin, C., Ahanger, MA., Raza, S., Khan, Ml., Ashraf, M., & Zhang, L. (2019). Role of
arbuscular mycorrhizal fungi in plant growth regulation: implications in abiotic stress tolerance.
Frontiers in plant science, 10, 1068.

Behmoaras, J. (2021). The versatile biochemistry of iron in macrophage effector functions. The
FEBS Journal, 288(24), 6972-6989.

Berna, G., Oliveras-Lopez, MJ., Jurado-Ruiz, E., Tejedo, J., Bedoya, F., Soria, B., & Martin, F.
(2014). Nutrigenetics and nutrigenomics insights into diabetes etiopathogenesis. Nutrients,
6(11), 5338-5369.

Bhan, C., Asrey, R., Meena, N. K., Rudra, SG., Chawla, G., Kumar, R., & Kumar, R. (2022). Guar
gum and chitosan-based composite edible coating extends the shelf life and preserves the
bioactive compounds in stored Kinnow fruits. International Journal of Biological
Macromolecules, 222, 2922-2935.

Bilal, S., Shahzad, R., Khan, AL., Kang, SM., Imran, QM., Al-Harrasi, A., & Lee, 1J. (2018).
Endophytic microbial consortia of phytohormones-producing fungus Paecilomyces formosus
LHL10 and bacteria Sphingomonas sp. LK11 to Glycine max L. regulates physio-hormonal
changes to attenuate aluminum and zinc stresses. Frontiers in plant science, 9, 1273.

Biris-Dorhoi, ES., Michiu, D., Pop, CR., Rotar, AM., Tofana, M., Pop, OL., & Farcas, AC. (2020).
Macroalgae—A sustainable source of chemical compounds with biological activities. Nutrients,
12(10), 3085.

Bose, SK., Howlader, P., Jia, X., Wang, W., & Yin, H. (2019). Alginate oligosaccharide postharvest
treatment preserve fruit quality and increase storage life via Abscisic acid signaling in
strawberry. Food Chemistry, 283, 665-674.

Cao, MA., Wang, P., Hashem, A., Wirth, S., Abd_Allah, EF., & Wu, QS. (2021). Field inoculation
of arbuscular mycorrhizal fungi improves fruit quality and root physiological activity of citrus.
Agriculture, 11(12), 1297.

Caradonia, F., Ronga, D., Tava, A., & Francia, E. (2022). Plant biostimulants in sustainable potato
production: an overview. Potato Research, 65(1), 83-104.

Carillo, P., Kyratzis, A., Kyriacou, MC., Dell’ Aversana, E., Fusco, GM., Corrado, G., & Rouphael,
Y. (2020). Biostimulatory action of arbuscular mycorrhizal fungi enhances productivity,
functional and sensory quality in ‘Piennolo del vesuvio’cherry tomato landraces. Agronomy,
10(6), 911.

Chouyia, FE., Fiorentino, N., Rouphael, Y., Ventorino, V., Fechtali, T., Visconti, D., & Fagnano, M.
(2022). Assessing the effect of P-solubilizing bacteria and mycorrhizal fungi on tomato yield
and quality under different crop rotations. Scientia Horticulturae, 293, 110740.

Coulibaly, K., Thauvin, M., Melenbacher, A., Testard, C., Trigoni, E., Vincent, A., & Delsuc, N.
(2021). A di-copper peptidyl complex mimics the activity of catalase, a key antioxidant
metalloenzyme. Inorganic Chemistry, 60(13), 9309-9319.

Da Silva, OAP., Silva, DBD., Teixeira-Filho, MCM., Silva, TB., Campos, CNS., Baio, FHR., &
Teodoro, PE. (2023). Macro-and Micronutrient Contents and Their Relationship with Growth
in Six Eucalyptus Species. Sustainability, 15(22), 15771.

Dempsey, DMA., & Klessig, DF. (2017). How does the multifaceted plant hormone salicylic acid
combat disease in plants and are similar mechanisms utilized in humans?. BMC biology, 15, 1-
11.

Diagne, N., Ngom, M., Djighaly, Pl., Fall, D., Hocher, V., & Svistoonoff, S. (2020). Roles of
arbuscular mycorrhizal fungi on plant growth and performance: Importance in biotic and abiotic
stressed regulation. Diversity, 12(10), 370.

Dominguez-Nufiez, JA., Benito, B., Berrocal-Lobo, M., & Albanesi, A. (2016). Mycorrhizal fungi:
role in the solubilization of potassium. Potassium solubilizing microorganisms for sustainable



VY lsSe0 5 Sl olal /... i 31 1311550 lo gy 5 200 Sl (s 955 .1y a9 opbere 5 (atigfy — ole)

agriculture, 77-98.

Duenas, M., Hernandez, T., & Estrella, I. (2006). Assessment of in vitro antioxidant capacity of the
seed coat and the cotyledon of legumes in relation to their phenolic contents. Food Chemistry,
98(1), 95-103.

Evelin, H., & Kapoor, R. (2014). Arbuscular mycorrhizal symbiosis modulates antioxidant response
in salt-stressed Trigonella foenum-graecum plants. Mycorrhiza, 24, 197-208.

Evelin, H., Giri, B., & Kapoor, R. (2012). Contribution of Glomus intraradices inoculation to nutrient
acquisition and mitigation of ionic imbalance in NaCl-stressed Trigonella foenum-graecum.
Myecorrhiza, 22, 203-217.

Fattahi, M., Mohammadkhani, A., Shiran, B., Baninasab, B., & Ravash, R. (2020). Influence of
arbuscular mycorrhizal fungi symbiosis with different pistachio rootstocks in salinity stress
condition. Journal of Plant Process and Function, 9(38), 309-326. (In Persian)

Filho, JAC., Pascholati, SF., & Sabrinho, RR. (2016). Mycorrhizal association and their role in plant
disease protection. In Plant, soil and microbes. edited by Hakeem, K. R. & Akhtar, M. S.. Basel:
Springer. 95-143.

Fish, WW., Perkins-Veazie, P., & Collins, JK. (2002). A quantitative assay for lycopene that utilizes
reduced volumes of organic solvents. Journal of food composition and analysis, 15(3), 309-317.

Garcia-Gomez, BE., Salazar, JA., Egea, JA., Rubio, M., Martinez-Gomez, P., & Ruiz, D. (2022).
Monitoring apricot (Prunus armeniaca L.) ripening progression through candidate gene
expression analysis. International journal of molecular sciences, 23(9), 4575.

George, B., Kaur, C., Khurdiya, DS., & Kapoor, HC. (2004). Antioxidants in tomato (Lycopersium
esculentum) as a function of genotype. Food chemistry, 84(1), 45-51.

Ghafari Zadeh, A., Seyyednejad, S.M., & Gilani, A. (2015). Investigation the effect of different
levels of urea fertilizer and brown seaweed extract on the physiological traits and grain yield of
wheat. Crop Physiology, 7(27), 69-83. (In Persian)

Giusti, MM., & Wrolstad, RE. (2001). Characterization and measurement of anthocyanins by UV-
visible spectroscopy. Current protocols in food analytical chemistry, (1), 1-2.

Goodarzi, F. (2016). Efficiency of Ag-coated TiO2 Nanostructure Photocatalytic Reaction on Delay
of Postharvest Tomato Ripening. Plant Productions, 39(1), 79-88. (In Persian)

Habibi, E., Shokrzadeh, M., Ahmadi, A., Chabra, A., Naghshvar, F., Haghi-Aminjan, H., & Salehi,
F. (2020). Pulmonoprotective action of Zataria multiflora ethanolic extract on
cyclophosphamide-induced oxidative lung toxicity in mice. Chinese journal of integrative
medicine, 26, 754-761.

Hameed, A., Dilfuza, E., Abd-Allah, EF., Hashem, A., Kumar, A., & Ahmad, P. (2014). Salinity
stress and arbuscular mycorrhizal symbiosis in plants. In Use of Microbes for the Alleviation
of Soil Stresses. edited by Miransari, M.. New York: Springer, 139-159.

Hashem, A., Abd_Allah, EF., Algarawi, AA., Al-Huqail, AA., Wirth, S., & Egamberdieva, D.
(2016). The interaction between arbuscular mycorrhizal fungi and endophytic bacteria enhances
plant growth of Acacia gerrardii under salt stress. Frontiers in microbiology, 7, 1089.

Hashem, A., Algarawi, AA., Radhakrishnan, R., Al-Arjani, ABF., Aldehaish, HA., Egamberdieva,
D., & Abd_Allah, EF. (2018). Arbuscular mycorrhizal fungi regulate the oxidative system,
hormones and ionic equilibrium to trigger salt stress tolerance in Cucumis sativus L. Saudi
journal of biological sciences, 25(6), 1102-1114.

Hernandez-Munoz, P., Almenar, E., Del Valle, V., Velez, D., & Gavara, R. (2008). Effect of chitosan
coating combined with postharvest calcium treatment on strawberry (Fragariax ananassa)
quality during refrigerated storage. Food chemistry, 110(2), 428-435.

Ighodaro, OM., & Akinloye, OA. (2018). First line defence antioxidants-superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX): Their fundamental role in the entire
antioxidant defence grid. Alexandria journal of medicine, 54(4), 287-293.

Jahan Tigh Haghighi, Z., Fahmideh, L., & Fazeli Nasab, B. (2018). Evaluation and comparison of
Leaf antioxidant properties and morphological traits of tomato varieties (Lycopersicon



IFeFipgu &ylads i 5 0lmiy 8590 (ol (ULl pgle 4y o oYY

esculentum L). Journal Of Plant Environmental Physiology, 13(2 (50) ), 63-76. (In Persian)

Jamshidi Goharrizi, K., Moosavi, SS., Amirmahani, F., Salehi, F., & Nazari, M. (2020). Assessment
of changes in growth traits, oxidative stress parameters, and enzymatic and non-enzymatic
antioxidant defense mechanisms in Lepidium draba plant under osmotic stress induced by
polyethylene glycol. Protoplasma, 257, 459-473.

Javaria, S., Khan, M. Q., & Bakhsh, I. (2012). Effect of potassium on chemical and sensory attributes
of tomato fruit. Journal of Animal and Plant Sciences, 22, 1081-1085.

Jeong, Y., Lim, JW., & Kim, H. (2019). Lycopene inhibits reactive oxygen species-mediated NF-xB
signaling and induces apoptosis in pancreatic cancer cells. Nutrients, 11(4), 762.

Jianglian, D., & Shaoying, Z. (2013). Application of chitosan based coating in fruit and vegetable
preservation: A review. Journal of Food Processing & Technology, 4(5), 227.

Johns, C. (2014). Agricultural application of mycorrhizal fungi to increase crop yields, promote soil
health and combat climate change. Future Directions International, 1-6.

Katalinic, V., Milos, M., Kulisic, T., & Jukic, M. (2006). Screening of 70 medicinal plant extracts
for antioxidant capacity and total phenols. Food chemistry, 94(4), 550-557.

Kiaya, V. (2014). Post-harvest losses and strategies to reduce them. Technical Paper on Postharvest
Losses, Action Contrela Faim (ACF), 25(3), 1-25.

Koulivand, F., saidi, M., & Mohammadi, Y. (2020). Effect of Irrigation Regimes and Training
Method on Yield and Quality of Tomatoes Marmande cultivar. Journal of VVegetables Sciences,
4(1), 85-98. (In Persian)

Krishna, H., Das, B., Attri, BL., Grover, M., & Ahmed, N. (2010). Suppression of Botryosphaeria
canker of apple by arbuscular mycorrhizal fungi. Crop Protection, 29(9), 1049-1054.

La Bella, E., Baglieri, A., Rovetto, E. I., Stevanato, P., & Puglisi, I. (2021). Foliar spray application
of Chlorella vulgaris extract: Effect on the growth of lettuce seedlings. Agronomy, 11(2), 308.

Lanciotti, R., Gianotti, A., Patrignani, F., Belletti, N., Guerzoni, M. E., & Gardini, F. (2004). Use of
natural aroma compounds to improve shelf-life and safety of minimally processed fruits. Trends
in food science & technology, 15(3-4), 201-208.

Lattanzio, V., Cardinali, A., Ruta, C., Fortunato, I. M., Lattanzio, V. M., Linsalata, V., & Cicco, N.
(2009). Relationship of secondary metabolism to growth in oregano (Origanum vulgare L.)
shoot cultures under nutritional stress. Environmental and Experimental Botany, 65(1), 54-62.

Lobo, V., Patil, A., Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and functional
foods: Impact on human health. Pharmacognosy reviews, 4(8), 118.

Lopresti, J., Goodwin, 1., McGlasson, B., Holford, P., & Golding, J. (2014). Variability in size and
soluble solids concentration in peaches and nectarines. Horticultural Reviews,42, 253-312.
Maftoon-Azad, N., & Yazdani, S. (2019). Guide to Postharvest and Marketing of Tomatoes. Fars:

Education Publishing (Agricultural Education and Extension Institute). (In Persian)

Mamede, M., Cotas, J., Bahcevandziev, K., & Pereira, L. (2023). Seaweed Polysaccharides In
Agriculture, A Next Step Towards Sustainability. Applied Sciences, 13(11), 6594.

Mathur, S., Tomar, RS., & Jajoo, A. (2019). Arbuscular mycorrhizal fungi (AMF) protects
photosynthetic apparatus of wheat under drought stress. Photosynthesis Research, 139, 227-
238.

Mauch-Mani, B., & Slusarenko, AJ. (1996). Production of salicylic acid precursors is a major
function of phenylalanine ammonia-lyase in the resistance of Arabidopsis to Peronospora
parasitica. The Plant Cell, 8(2), 203-212.

May, CD. (1997). Pectins. In Thickening and gelling agents for food. Boston: Springer.

Mazumdar, B. C., & Majumder, K. (2003). Methods on physico-chemical analysis of fruits, Delhi:
Daya publishing house.

Mbili, NC., Opara, UL., Lennox, CL., & Vries, FA. (2017). Citrus and lemongrass essential oils
inhibit Botrytis cinerea on ‘Golden Delicious’,’Pink Lady’and ‘Granny Smith’apples. Journal
of Plant Diseases and Protection, 124, 499-511.

Mitra, D., Uniyal, N., Panneerselvam, P., Senapati, A., & Ganeshamurthy, AN. (2020). Role of



YD oIpK0 5 gl /... olieo s [32550lo G315 5 51l 0 Sl s 355 (5. jls s3] 0ylcae il (g 3y — code)

mycorrhiza and its associated bacteria on plant growth promotion and nutrient management in
sustainable agriculture. International Journal of Life Sciences and Applied Sciences, 1(1), 1-1.

Mukherjee, A., & Patel, JS. (2020). Seaweed extract: biostimulator of plant defense and plant
productivity. International Journal of Environmental Science and Technology, 17(1), 553-558.

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase
in spinach chloroplasts. Plant and cell physiology, 22(5), 867-880.

Nasmia, Rosyida, E., Masyahoro, A., Putera, FHA., & Natsir, S. (2021). The utilization of seaweed-
based liquid organic fertilizer to stimulate Gracilaria verrucosa growth and quality. International
Journal of Environmental Science and Technology, 18, 1637-1644.

Nasrollahi Omran, A., Bigi Firozjaie, F., & Sangi, M. (2012). Biological Control of Orange Green
& Blue Mold Agents by Citrus Microbial Epiphytes In North of Iran. Journal of Novel
Researches on Plant Protection, 3(4), 391-377. (In Persian)

Nell, M., Wawrosch, C., Steinkellner, S., Vierheilig, H., Kopp, B., Lossl, A., & Zitterl-Eglseer, K.
(2010). Root colonization by symbiotic arbuscular mycorrhizal fungi increases sesquiterpenic
acid concentrations in Valeriana officinalis L. Planta Medica, 76(04), 393-398.

Pant, S., & Huang, Y. (2022). Genome-wide studies of PAL genes in sorghum and their responses
to aphid infestation. Scientific Reports, 12(1), 22537.

Parniske, M. (2008). Arbuscular mycorrhiza: the mother of plant root endosymbioses. Nature
Reviews Microbiology, 6(10), 763-775.

Pathare, PB., & Al-Dairi, M. (2022). Effect of mechanical damage on the quality characteristics of
banana fruits during short-term storage. Discover Food, 2(1), 4.

Pramanick, B., Brahmachari, K., & Ghosh, A. (2013). Effect of seaweed saps on growth and yield
improvement of green gram. African Journal of Agricultural Research, 8(13), 1180-1186.
Prasad, R., Bhola, D., Akdi, K., Cruz, C., KVSS, S., Tuteja, N., & Varma, A. (2017). Introduction to
mycorrhiza: historical development. In Mycorrhiza-Function, Diversity, state of the art. edited

by Varma, A., Prasad, R., Tuteja, N. Cham, Springer International Publishing, 1-7.

Przybylska, S. (2020). Lycopene-a bioactive carotenoid offering multiple health benefits: a review.
International Journal of Food Science & Technology, 55(1), 11-32.

Qin, GZ., Tian, SP., Xu, Y., & Wan, YK. (2003). Enhancement of biocontrol efficacy of antagonistic
yeasts by salicylic acid in sweet cherry fruit. Physiological and Molecular Plant Pathology,
62(3), 147-154.

Raghunandan, BL., Vyas, RV., Patel, HK., & Jhala, YK. (2019). Perspectives of seaweed as organic
fertilizer in agriculture. Soil fertility management for sustainable development, 267-289.

Ramona, Y., Darmayasa, IBG., & Line, MA. (2022). Biological control of Sclerotinia minor attack
on pyrethrum plants by Trichoderma harzianum in glasshouse experiment. Biodiversitas
Journal of Biological Diversity, 23(6).

Ranganna, S. (1986). Handbook of analysis and quality control for fruit and vegetable products. Tata
McGraw-Hill Education. New Delhi, Tata McGraw-Hill Education.

Roussos, PA., Sefferou, V., Denaxa, NK., Tsantili, E., & Stathis, V. (2011). Apricot (Prunus
armeniaca L.) fruit quality attributes and phytochemicals under different crop load. Scientia
Horticulturae, 129(3), 472-478.

Salas-Sanjuan, M. D. C., Rebolloso, M. D. M., Del Moral, F., & Valenzuela, J. L. (2023). Use of
sub-atmospheric pressure storage to improve the quality and shelf-life of Marmande tomatoes
cv. Rojito. Foods, 12(6), 1197.

Sams, CE. (1999). Preharvest factors affecting postharvest texture. Postharvest biology and
Technology, 15(3), 249-254.

Sarhan, T. (2011). Effect of bread yeast application and seaweed extract on cucumber (cucumis
sativus 1.) Plant growth, yield and fruit quality. Mesopotamia Journal Of Agriculture, 39(2), 26-
32.

Selvaraj, T., & Chellappan, P. (2006). Arbuscular mycorrhizae: a diverse personality. Journal of
Central European Agriculture, 7(2), 349-358.



VFeFioguw 6 lass ot g olety 6,99 i ylyt) (ALll pgle i ovs

Shahbaz, MU., Arshad, M., Mukhtar, K., Nabi, BG., Goksen, G., Starowicz, M., & Aadil, RM.
(2022). Natural plant extracts: an update about novel spraying as an alternative of chemical
pesticides to extend the postharvest shelf life of fruits and vegetables. Molecules, 27(16), 5152.

Sharififar, F., Dehghn-Nudeh, G., & Mirtajaldini, M. (2009). Major flavonoids with antioxidant
activity from Teucrium polium L. Food chemistry, 112(4), 885-888.

Sharififar, F., Moshafi, MH., Mansouri, SH., Khodashenas, M., & Khoshnoodi, M. (2007). In vitro
evaluation of antibacterial and antioxidant activities of the essential oil and methanol extract of
endemic Zataria multiflora Boiss. Food control, 18(7), 800-805.

Shokouhian, A. A., Asghari, A., & Mahmoodi, H. (2019). Investigation of Application of Humic
Acid on Nutrient Uptake and Quantitative and Qualitative Indices in Kiwifruit. Journal Of
Horticultural Science, 33(2), 247-256. (In Persian)

Shokrollahfam, S., Hajilou, J., Zaare Nahandy, F., Tabatabaie, S. J., & Naghshiband Hasani, R.
(2014). Effects of putrescine, calcium chloride and salicylic acid on quality and storage life of
plum fruit cv. Plant Productions, 37(2), 15-26. (In Persian)

Singleton, VL., & Rossi, JA. (1965). Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American journal of Enology and Viticulture, 16(3), 144-158.

Smith, SE., & Read, DJ. (2010). Mycorrhizal symbiosis. San Diego: Academic Press.

Su, Q., Li, X,, Wang, L., Wang, B., Feng, Y., Yang, H., & Zhao, Z. (2022). Variation in cell wall
metabolism and flesh firmness of four apple cultivars during fruit development. Foods, 11(21),
3518.

Sujata, Goyal, V., Baliyan, V., Avtar, R., & Mehrotra, S. (2023). Alleviating drought stress in
Brassica juncea (L.) Czern & Coss. by foliar application of biostimulants—orthosilicic acid and
seaweed extract. Applied Biochemistry and Biotechnology, 195(1), 693-721.

Sytar, O., Hemmerich, I., Zivcak, M., Rauh, C., & Brestic, M. (2018). Comparative analysis of
bioactive phenolic compounds composition from 26 medicinal plants. Saudi journal of
biological sciences, 25(4), 631-641.

Thambiraj, J., Lingakumar, K., & Paulsamy, S. (2012). Effect of seaweed liquid fertilizer (SLF)
prepared from Sargassum wightii and Hypnea musciformis on the growth and biochemical
constituents of the pulse, Cyamopsis tetragonoloba (L.). Journal of Agricultural Research, 1(1),
65-70.

Thériault, M., Caillet, S., Kermasha, S., & Lacroix, M. (2006). Antioxidant, antiradical and
antimutagenic activities of phenolic compounds present in maple products. Food chemistry,
98(3), 490-501.

Trudel, MJ., & Ozbun, JL. (1971). Influence of Potassium on Carotenoid Content of Tomato Fruit1,
2. Journal of the American Society for Horticultural Science, 96(6), 763-765.

Warrier, RR., Paul, M., & Vineetha, MV. (2013). Estimation of salicylic acid in Eucalyptus leaves
using spectrophotometric methods. Genetics and plant physiology, 3(1-2), 90-97.

Wen, PF., Chen, JY., Wan, SB., Kong, WF., Zhang, P., Wang, W., & Huang, WD. (2008). Salicylic
acid activates phenylalanine ammonia-lyase in grape berry in response to high temperature
stress. Plant Growth Regulation, 55, 1-10.

Ye, L., Zhao, X., Bao, E., Cao, K., & Zou, Z. (2019). Effects of arbuscular mycorrhizal fungi on
watermelon growth, elemental uptake, antioxidant, and photosystem Il activities and stress-
response gene expressions under salinity-alkalinity stresses. Frontiers in Plant Science, 10, 863.

Yousuf, B., Wu, S., & Siddiqui, MW. (2021). Incorporating essential oils or compounds derived
thereof into edible coatings: Effect on quality and shelf life of fresh/fresh-cut produce. Trends
in Food Science & Technology, 108, 245-257.

Yue, W., Liu, L., Chen, S., Bai, Y., & Li, N. (2022). Effects of Water and Nitrogen Coupling on
Growth, Yield and Quality of Greenhouse Tomato. Water, 14(22), 3665.

Zamani, N., Shams, M., Nimrouzi, M., Zarshenas, MM., Foroughi, AA., Abarghooei, EF., & Fattahi,
MR. (2018). The effects of Zataria multiflora Boiss.(Shirazi thyme) on nonalcoholic fatty liver
disease and insulin resistance: A randomized double-blind placebo-controlled clinical trial.
Complementary therapies in medicine, 41, 118-123.



OYY IsK0 5 Sl /... olieo s [323550lo G315 5 51l 0 Sl s j 355 (5. jlpes it ] 0ylcae il (g iy = code)

Zhang, C., Howlader, P., Liu, T., Sun, X., Jia, X., Zhao, X., & Yin, H. (2019). Alginate
Oligosaccharide (AOS) induced resistance to Pst DC3000 via salicylic acid-mediated signaling
pathway in Arabidopsis thaliana. Carbohydrate polymers, 225, 115221.

Zhang, L., Shi, N., Fan, J., Wang, F., George, TS., & Feng, G. (2018). Arbuscular mycorrhizal fungi
stimulate organic phosphate mobilization associated with changing bacterial community
structure under field conditions. Environmental Microbiology, 20(7), 2639-2651.

Zhao, X., Yu, X., Xin, S., Chen, S., Bao, C., Xu, W., & Yang, D. (2022). Enhanced oxygen reduction
reaction for Zn-air battery at defective carbon fibers derived from seaweed polysaccharide.
Applied Catalysis B: Environmental, 301, 120785.

Zhu, Z., Zhang, Y., Shang, Y., & Wen, Y. (2019). Electrospun nanofibers containing TiO 2 for the
photocatalytic degradation of ethylene and delaying postharvest ripening of bananas. Food and
Bioprocess Technology, 12, 281-287.

Zimare, SB., Borde, MY, lJite, PK., & Malpathak, NP. (2013). Effect of AM fungi (Gf, Gm) on
biomass and gymnemic acid content of Gymnema sylvestre. Biological Sciences, 83, 439-445.

Zodape, ST., Gupta, A., Bhandari, SC., Rawat, US., Chaudhary, DR., Eswaran, K., & Chikara, J.
(2011). Foliar application of seaweed sap as biostimulant for enhancement of yield and quality
of tomato (Lycopersicon Esculentum Mill.). Council of Scientific and Industrial Research, 215-
219.

Zulfigar, F., Navarro, M., Ashraf, M., Akram, NA., & Munné-Bosch, S. (2019). Nanofertilizer use
for sustainable agriculture: Advantages and limitations. Plant Science, 289, 110270.



