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Introduction

Nowadays, spraying method is used in plant nutrition to optimize the use of chemical fertilizers and reduce
environmental hazards. With the foliar solution, the elements are quickly transferred to the plant and delivered to
the branch, leaf, or fruit. Surveys show that increase performance per unit area is one of the most important
things that has attracted the attention of many researchers. The first requirement for high performance is high dry
matter production per unit area. Some experiments have shown that increasing the amount of carbon dioxide in
the air can increase yield, accelerate flowering and accumulate carbohydrates in plants. One of the solutions to
increase carbon dioxide concentrations in plants is to use compounds such as ethanol and methanol. Therefore
feeding plants with alcohols such as ethanol and methanol as carbon sources is one of the appropriate methods to
increase their quantitative and qualitative properties.

Materials and Methods

Due to the importance of peppermint (Mentha piperita L.) in the production of valuable secondary
metabolites, and also the effect of ethanol and methanol on some morphological and physiological parameters of
this plant, a pot experiment was conducted in factorial based on completely randomized design with three
replications in the research greenhouse of Shahed University in 2018. Foliar treatments included different
concentrations of 0, 15, 30 and 45% ethanol, methanol and combine them that was done in three stages. The
studied traits were plant height, number of leaves per plant, biological yield, chlorophyll a, chlorophyll b, total
chlorophyll, carotenoid, flavonoid, essential oil percentage, essential oil yield and protein percentage. Data
analysis was performed using SAS statistical software (version 9.2) and mean treatments were compared by LSD
test. Also charts were drawn by excel software.

Results and Discussion

The results showed that the simple effects of ethanol and methanol on plant height, biological yield,
flavonoid content, essential oil percentage, essential oil yield and protein percentage were significant but their
interactions were not significant. Ethanol 45% had the most effect on percentage and yield of essential oil and
protein percentage. But the use of 15% ethanol treatment had the highest value in other traits (plant height, total
phenol and flavonoids), which was at a statistical level with 45% methanol treatment. Also interaction between
ethanol and methanol on leaf number per plant, chlorophyll a, chlorophyll b, total chlorophyll and carotenoid
was significant at 1% probability level. The highest number of leaves per plant and chlorophyll a (29.55 ug/g
fresh leaf weight) was observed in the combination of 15% ethanol and 15% methanol, while the highest amount
of chlorophyll b (20.86 pg/g fresh leaf weight) and total chlorophyll (49.85 pg/g fresh leaf weight) was related to
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the combined application of 15% ethanol and 45% methanol.

Conclusion

Foliar spraying is one of the methods of fertilization and supply of nutrients to plants that due to high
absorption rate nutrients can be made available to plants in the shortest time. The results of this study showed
that all the studied traits were significantly affected by one or more of the ethanol and methanol treatments.
Therefore, the foliar application of ethanol and methanol as carbon sources has an important role in improving
the qualitative and quantitative parameters of peppermint.

Keywords: Ethanol, Methanol, Peppermint, Secondary metabolite, Spray



SLEl pole 4yt

https:// jhs.um.ac.ir

PLET T

;M"' 9% aJlio
YA-F) o IF) L ) o)leds XF uls

gl SU cos (Mentha piperita L) Jis gl (K550 58 — 58,590 Slo goas o)

Jsile 9 Jebl S

YJL:;&-G-Z J&M—Yﬂja'djgkadihw—*uxxﬂ A g

VWY VYV 1Bl 5 b

\f"/\'/\/\u::ﬁw\i @)U

2SS

Logl (S 5 (o5 Slogad (i8] o cuslio gl 1 (S (8 alie plgie & Jsiko 9 Joibl b oo JSII L oS 4pdss

2 Joikie 5 Jobl b wiman 5 55)lb 6l clacplie Mg 4> (Mentha piperita L.) i gliss gyl oS cuonl 4 a5 b il o
i SIS )3 )5 s b (33 WelS 25 oy 2 i8I 5> SIS ialojl ol ol (So5did 5 (Salelshyge Cluoguad (3
ol @l g Jglie g Jobl 5l o3 ¥ ¢ Ve NV ho calisee glacdale Jols b Jolowe (slajlows b ol WYAY Jlo 45 sals oKl
e YU Jobl do 0 V0 Hlog jl eolitwl Jg .cuibly piigy doyd o (uslol 5,Sles ¢ pilol dop> w1, ).ul.} Oy o> ¥O Jgill &S ol
Oizad Sl I, 8 Ll e S Jolio 2oy Y0 Hled b oS ob olaisl 05 4 (S 893eMa 5 Ji8 iy glis))) Slao pluo jo 1
J555lS 9 Jiss)lS fiee o5V 85 g0 13 b anlito Jilia 10,3 10 5 Jbl sio)> 1D (el o 338 gy 5 5 Jas i
53y Slogas 5> 5o 5 J5bl ool Jsbro ute 51 4 4255 b eculplls 332 Jplio 2o ¥ 5 S5l 200 10 Ll 5,08 & e JS

D)5 0 dwog (SIS 5 cpl 5l oolitul ¢ Jald gliss olS

(A8 £l o3l s gl cplin s J5b 35S sy

(Shah and Mello, 2004) cusl jl5)55 55 (slorg Cuonl 51 2l);
95 35 el g 039 (il sl op 5 el (giie 5 Jgtie
5lsliwl 3k (Dai et al., 2010; Tarhan et al., 2010) .l
CshsS  y3 hol e (Jgita e Tyl leys olS plejle
2 lio 38y bulyd 6580 b oy e o Cunl b gl
Kumar et ) il pl5 o LisS o S 5,Skee il (s,
(al., 2004
3ySdes al58l g 43y 5 e (ol)) slayeS cnl 5l (S
2 Gl (508 @lie ookl b (o3 ol (LS (855 (oS
ol o ol 213 (sloodygl 3l adgs 5l el 31 (gla Lo
gyo9e odlaill g (slorl Clulio & d295 5 Cumjlaes b |
b 5 (65955 eshygltS aiile alte pole > (a5 LB
9 OlS =il (013)glusS (95-8l39) 425 3)9—0 5 035 Ceminn

4- European Scientific Cooperative on Phytotherapy

oMo
w=ab el ales 5l (Mentha piperita L.) Jals glixs
A Loo aduine sblie og &5 cuwl Lamiaceae oolgls e )|
2 050l Lol eddl oo Ui 31 Jlads g Jlas (61551 i)l 32
9 S, (Mehrafarin et al., 2011) 53,5 o S L3> puolpuo
@it g a)b o o olS cal il g S (glaadli
SlacsiSs (b > o il (asS g (BS SaliEl g )b 5,

po-te oSty (el pole oAl ¢ SLEL (g 9 pols 09)S okl -
Sl b @lio 9 gjyglis
) ghe oAty —)

ol divs o (B0l Ao (9l lalS 1)) (li )8 (sgmitils Y
52918 pole olSails ¢ sely5 pole 0uSisly (SB- pgle iz 09,5 sl =¥
Sl (b @lie

(Email: v.akbarpour@sanru.ac.ir

DOI: 10.22067/JHS.2022.61778.0


https://jhs.um.ac.ir/
mailto:v.akbarpour@sanru.ac.ir
https://dx.doi.org/10.22067/jhs.2022.61778.0

VP) slee o) o5les 7l (55,9l galis 3 pole) Sl psle 4y pas VY

Kim and Brandizzi, 2016; Atmodjo et ) >4 oy (Joluw
LSl dn uamgdl)] g o5 9 A5y )3 b yiss 25 -(al, 2013
wollas 4 by a S a sl yips lals S gyebay Cunl ol
(Saffer, 2018) 555 oo Jiro 4SS (glany Bl b w5yl
903, i | Jplie pls la Ul aiilyie (LS sl Jobo
olte ale Jto 09, S @S5l (S a Jas ]y Ll
S Ggte JjgihS g Y ghg aml 5 Jite (Y gdgyunl
s (2 K90 (gl 9 (e WP i85 LSSl
Gout ) wile Gl M55 oslogster 35 iseie 9 035 35k Ay
Jetal., 2000

2 S5 claasles Sl (o lyis 4 ailyie b S
Hgh ab S S 4 Sl b g S (5)5liS glapllss
4 (Echinacea purpurea L.) 5, s o)l olS b Jsle
A ks 5 Il (ISU500m (sla o 3 slisal oy
ol s 3pSbes G315 pgld ol oslizl 5 piacs
slipla Jolie JolS jais ojdalio o & 0 9 Cuol ails olS
Sl YIS )J] ols MT il & O % 9 39>
aS Wd asiide 500 s, J(Khosravi et al., 2012)
L (Trigonella foenum-graecum L.) alli s b Jstoxe
059 Sy ey o e y8 dBle sl i)l Cuw Ao yd ¥ Jailio
g 459 gLyl g Pawge 3 Slee il 3 Slos iy S
sleles b Jodowe yican (Mehrafarin et al., 2015)
o=tasl J9S19)8 5 Jsesd el Olie Gl 3l s (IS5 00
.(Sajedi et al., 2012) . (Thymus vulgaris L.) <l

5 I3 ogs JSU L b Jolono o5 ool ol b jings,
N gamo 3 ul3 ) 3 cnlio g e ool ) (S o Jlie
oy lwly e 3 Blioe (29) QLS ogad 4y (5)9liS
Sl gy pgiteds gy B £l gl oL Caon] >
£ Sefolosbshige o Sh 2 Jyite 5 Sl b Jlone
Lo pdy O)go il

W y9; 9 dlge

= (Jplie g Jbl) (S chlizeo glia b ) oot &

gL (29)l oS (Sfsde b 9 (Suigledige Cluogad (S
2 gl LB > SIS ikl (Mentha piperita L.) _lals
o5zl SLiios a0l )3 ), S5 aw b ol Sl )b 4l
slajlos Gimgi oyl o b plosl WWAY Jlw o sal i
o3 ¥ 5 Te N0 o cilisee clacdle Lols sl sl
Sl 5 ol 1 S o gl dleye dw )3 & 390 Joilio 5 JoiUl
b plonl e ST Ly o sald o (il Jslone 085 000

Nourafkan and Kalantari, ) cowl a3 5 )38 o liS el
o a5y 3 YU 5, Slas 4 oliod ca byd ol (2017
oblS s ig Joyd Ar 29> 1wl dbj S oole g
O g W3l o gt lawg ()5 nST6d (igmdherl I o30
S el (2l 93 215958 5 b Jidg IS 5l wel (LS (slao 35S
YL Gl 028 0mS10d ot e o a3l s ) sl (oo
33,5 & 8ly dde lg e (o) OBl g )b (3
«la bl (Pilehvari et al., 2008; Ramirez et al., 2006)
a o la 33 SanST (60 liee Siali8l &S ol L (goasie
olalS Sy S geod 5 (2L @y 0 Sles il
o33 LSl 51 S, (Abbasian et al., 2016) 55
5 Jypl aile SWuSy 5l eolatwl (lalS jo op s g clale
smnme Ln S 53 dlas ) Jglio 5 S5l ol Joilio
ST olS 53 (S 0S1i63 9 aalleyd g0 4y Jpilio N9 oo
2 BSumg S o (igie g o aleel Slasl &yg0 4y 5 00
Nazari ) 555 o 35w as)S aw Hlals caliswe slac il
JoUl ccwloaly flis b jidgty < pieed (Moghadam, 2014
oS 5 ol g ol dpalled 4y o oS 8L 1950 4 3585 )
A 52508163 3,5 o AT eop S a8l g 4 ol o
Ol 45 05 Sy LB pSanSles clale il el ons
Mehrafarin et ) 59s o (¢ jmgd oloily Liol38l 4 yoxie sl )3
(al., 2015
ol (2l Lo oaimy (L5 & 59y g JSII Jgilio 0208 pb
Jolie (p 31 sla JLw 5 (Dorokhov et al., 2015) cusl o3l
G bosdgn (b Jyazme S plyis 4 (LS jlesd bl
JsSge G olgie a1y o] i anilS ans > Olalllas Lol s oo
s ogMs ol 03l L5 g0l aee 5 0L b3, 55 U
olS ge3 g 0y Job > Splio plond slasiu] o Jolio oyl
slaps ool o i dloyl floj 40 piomen S 0 &8 i
Jolse w53 oS Cunglia o g 0 JUb olS 3 " Jlio 21
» Jolie Lias (Dorokhov et al., 2018) 544 o0 035 ,s8 g 055
Arabidopsis thaliana o3 ;> coglie (slayyj aumgigy JsuS
Deleris et ) cowl sdmy @bl &y 50 ) o jil & Fwly
2 oS ) slaan]yd 3 Jglie o8 lie M5y, (al., 2016
OS99 Lot Sl (59 o ploxl llllas p8 gla L
OLLS A8y ) Jsilie e (85 & (Jgilie LS5 ) Lajlyl e
ol 4l ola] jis ol sl an Ll gowl piomen
«S )L (Dorokhov et al., 2015; Komarova et al., 2014)
o)lg=d JoSiti )3 Loy Sy 5y Shos baugi cgd 9 45 )3 Joilie

1- Methanol Inducible Genes



Yy

LS LS S 59l 99 3 — 99 )90 Sleoguas oy 3] ) K02 g 591 5

Table 1- ANOVA (Mean Squares) for foliar application of ethanol and methanol on morpho-physiological characteristics of peppermint
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Figure 1- Comparison of the mean of interaction of ethanol and methanol foliar application on number of leaves per plant in

peppermint (LSD, p<0.05)
(In each column, the means with similar letters are not significantly different)
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Figure 2- Comparison of the mean of interaction of ethanol and methanol foliar application on chlorophyll a in
peppermint (LSD, p<0.05)
(In each column, the means with similar letters are not significantly different)
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Figure 3- Comparison of the mean of interaction of ethanol and methanol foliar application on chlorophyll b in

peppermint (LSD, p<0.05)
(In each column, the means with similar letters are not significantly different)
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Figure 4- Comparison of the mean of interaction of ethanol and methanol foliar application on total chlorophyll in

peppermint (LSD, p<0.05)
(In each column, the means with similar letters are not significantly different)
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Figure 5- Comparison of the mean of interaction of ethanol and methanol foliar application on carotenoid in

peppermint (LSD, p<0.05)
(In each column, the means with similar letters are not significantly different)
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