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Effect of different irrigation regimes and fertilization on essential oil yield and
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ABSTRACT

In order to investigate the effects of water deficit and nitrogen fertilizers on peppermint’s essential oil yield and its
compounds, the current experiment was conducted in Research Field of Tarbiat Modares University in 2018, based on split
with three replications. The experimental treatments consisted of three irrigation regimes (respectively after depleting 25, 40
and 55% of available water in root growth zone) as the main factor and six fertilizer treatments based on nitrogen
requirement as sub-factors. The results showed that the highest essential oil yield was obtained under normal irrigation
conditions with urea, while severe water deficit stress caused a reduction of 44% in dry matter and essential oil yield. In this
study, 36 compounds were identified in essential oil. The most important components of essential oil were menthol,
menthon, menthofuran, piperitone and menthol acetate. Water deficit increased the quality of essential oil (increased
menthol and menthon and decreased menthofuran and polygon). In this regard, the use of nitrogen fertilizer increased both
the quality and yield of essential oil. In general, it can be concluded that moderate water deficit accompanied with nitrogen
fertilizer (urea alone or in combination with vermicompost) might increase the quality of peppermint’s essential oil.
Increasing essential oil quality caused by water deficit, reduced quantitative essential oil yield.
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* Corresponding author E-mail: modaresa@modares.ac.ir



g3 Shas 395 365 Elgil )15 5 (65l calite slaws, i Sen 5 (65590l (soual a1

Ay elS e Wlgi oo g 00 Dglaie lalS
St b oojlgen (22 cnl Olie a5 03 S
ool oler GalS (A Sleogas S e
50 23 oladss o9 (Keshavarz et al., 2020)
5 ol ded 5l aleesles g5 o pae (i Ll
Jolee 5l bl g oyl g9 5 jlaie (3 Slge
oS (els lapuslie 5 mao (il
glabide BB jsbay ol (i 0jlese 5952
9 o) Rl el g ool i 1) ol et ilie
ooy 5 Jde,dS lpime jo t) Fliwgid
5 O5eST b slotisS oS o e & (s3isid
Sl Sl 5 (et ol 4 Ol
Baghbani- Arani ef al., ) g3 o LS 5 Sles
5 asl slacdplis S slee Sl Q017
PR VTN N P SN DY W P €S
S ST Jelse lsiear SloS 5 onl (Bl
Slade Gl 4 alse wlidss o a5 ail
Mentha ) glss oS )3 lacn 5 (S95 3 S5 5 5
bl ws o ¢ (Charles et al., 1990) (spicata L.
oo (Mentha pulegium L) e glisi oS o
oas o,Lil (Hassanpour ef al., 2014) _1sS i
22l Bran Jhe Cupde (xdy ez o Cel
R (Sl bl 0908 S 65 )sleS
Gl jo alaxde BB Ol s ( SleS i ol
g Miboe SB o iz glie polie 4 gwwd
Aol odd Al e a5 LS Ko Bk
cils valys oS R4 e Swlie
.(Sheteawi & Tawfik, 2007)
el LS 50 50 (2138 paie 0 e (3950
S Sy s dnags 5B L e oenl b
ATP 50 Ghali8l g (bl (2ol 5 008 (alidl e n)S
S99k 5§ OlaS 5 fwgn (il corg0 NADPH 4
e 5l gt i glisi 5 ol e s
Bl (&S 5 (o5 3 ,8hes A58 (et SlaosS
Abyar et al., ) cuslods (5158 pdions Jawg Jald
2017; Keshavarz et al., 2018; Seif Sahandi et al.,
039 35 a5 o3 )S (IS (Added ) (2019
396 5 4 il gliss poll ofime sl crgo

dodde

Mentha  oole pU L (Peppermint) Jald gl
QL.CLJJ °f.§5 g_;’.ﬁ)b °L.15 u.:).uo.QA pipel’ita L.
omlel aYls Brae jlade a5 el (Lamiaceae)
Kazem ) aw, oo o Vere 90> & ol 50 o
.(Alvandi et al., 2010; Keshavarz et al., 2020
ol 9 GrGere 5l S oS Gl el
Jdoas pl 9l oolaiwl 5,50 (sla il
Wil ot s Jsite Gim o] el oS s
Seif Sahandi et al., ) 5 09,50 Lo ool a5
3 Sk ay g kel b plelisg colgls (2019
ol ) 03,8 jsbay sz B Jled il
CiS Gk el QLS plsieas Baos b 58
Kheiry et al., 2017; Keshavarz et al., ) g g0
Ly olS cpl ez jo Q—| S (So S (2018
Jad Jsb 5o 2leS (i alez 5l oni;d o
CodsS g CanS (Byb 5l 05 salgs axlee W,
A o iy 2 opdle (29l HlalS o550 Slge
Baghbani- Arani ) 5,5 oo )13 5.5 Jaowe Jelge
a0 5l et al., 2017; Kheiry et al., 2017
sl GlacaS 3 Gl 5 adg Wy o7 ala by,
GeS 50 905 s a5yl OLLS 0 )
plasl o Slae a5 00,5 5155 adod (o aidl o
cou ol Hlade 4y Jald gl olS uill 5 slsn
T ) s Bl 5 S (g 5ilols b
Keshavarz ) s,ls 1,8 (59,50 Logas old€ slge g
W8 I8 Ly pl jo doren (et al., 2020
el gl o o GluS s g bl (glgioe a5
5 2D S 5 (K59 S else il cos
Obe g obS g (20355 (S o) g ddlais Jga
O oll Gl Ol s asals g o,ls 13 (cusls p
gk g Cewl (Qoye ¥ o= /Y ) o0 ilS
~0ss (g 9 Joe) oo |y uilal (slgiome
(Fejéretal.,2017) sas o JoSi5 Jollod 5 Jgico
09aS 5laeys A sgas g LIS el

e JIE Sisdes 3 S e 0 oyl

09w ! i pl s (Daneshmand et al., 2009)
oedglie slaanld el 5 olié pole Gl



£50 VE- e 5l ¥ 8Les Y 5,90 ol SLEL psle

5 clie gkl o Jals glim ol a5 wileols lis
S5 1) bl 5 Sglom o Slas (n it S 42555
Abyar et al., 2017; Rostami et al., ) o,5 sals>
&9, 2020) Keshavarz et al.  &d>s ;o (2018
w0lS gl cp iy a5 Wleo,S 515 Jals gl
Ll e pulul o Sles 5 (2lge plail Sis (5
Gy CanngeaS cayg 5 VT 05 5 ogllae (gL
Olee 9 uilel vy i S I 0l
SN L g GileleS 0 ol
A ol CangeaS 05

(lild gl ol (golaidl 5 9 > Coenl @y azgi L
ol 5 Bae 58S 50 Ol Bran 0 sy el g
(T 5 555 ooslgs Sl gmalin il (8l 3.
4 olel (A5 g (o5 O b 4 Sltes Sz
ladgS Bpae 5 RlE g Brae alS ol en
iles Il (65,5LaS b, 5o (ol

b9y 9 8lge

B s el 03 bl ,S Djgen Giagh ol
a5 LS e b Gola L5 sl
)O 63‘3 uu)..\.o w).a oli.i..il..x 6))5LM5 IRLR "\5
olatze ;0 g8 _ ol okl VP eslS
YO g Syd Job ando FY 5 ax 0 0) oLélse
S WYVO gl )l g Jlais oye aaBo A g ax o
2 os,S el YAV elys Sl o by mhae
elidlgn o] o 3 SGo 3 cwlidlen Sl ool
YEY L dilate cpl og5,5laS caSasls yo (Kus)
&l g ol wy bl AVl (Sajb el
ol Alle &)l ax 0 lawgio § cog Siddes

el o5l a0 VY
bl bl 25 dw Jolds L:i‘.’.u)'] sl less
00 4T+ VO alsy 5l am ol fa g 4s 50 bl 0
GRS yg0) ade, adlaie o eolaiwl BB Ol wsye
gl ol L3050 (5958 bl 2 (6055 Jlod i
Voo gl 955 doyd Voo 098 o i ay) el
O ss_~w9~o59)~| M)Q Voo ‘wﬁ""sgs")ﬁ M)Q
Qo )0 B0 g CawgroS coyg duoyd B0 + 040l 355 do o

doyd oJslne SlageSsn Gl RS cage o
5 Sl il Gyl cudld ol 5 sl
33038 kS VO GBras (rizmen wd (98gy (e
Ol Gl Jdoay (Jald glins el jo LS
2 Gl 5L pae g s¥g liee B g il
Seif Sahandi ef ) 5¢.i5 o0 4pogi (y5iin 9 Jgiio oyl ime
Oliee bl Jald sl (uilul coa S (al., 2019
S9disr et Ohgdgiie 5 (9Ng (giie (Joie il
5 AV gt g Jgte wo) az e &S ek
ool @il el ohdeie 5 0l lacdile
Rios-Estepa ef al., ) s alg> (5 3YL cuaS gl)ls
(2008
Soo Bolse Glee 5o a5 00005 ()1 RS o
(U oigd) oS jlade 5 g5 glni oS o)
ol (A5 (o5 2 y8les (g Falixde LB L]
)1 Ol o by Sl a Sl ol S
9 lend 355 2op3 Ve ol )3 Jyiie 5 ol
Izhar ) 0,0 5 caslice oleowds o Jl0gS 2ali jlos
=y LSS 3 oalanl Ll ol jo (et al., 2015
Soiglen bulpd Cusli b (JI slaogS 0 )5 alex
5 S ois ol gl ol See S
sbuly o sbend oS I S (goolai
Sl Fge pladl ads cadle 5 b g50laS
(JuJo peep 4 .(Baghbani- Arani et al., 2017)
S & @9l OLS g e Sl 9%,
Ol e slagts, xS 5 Jlul 65sls
ol 5l S (Yousefzadeh et al., 2016) ail o
5 CogpaS 5059 Aoz 3l (I slaosS (6515 baig,
iS5 o5 OSles Sl jolate & CuwgaSyjl
CunsgaS 53l 5 CamgaS ayy wSlioe (230 OlalS
Sete Ly, s 5 Comax L (VgD
G 505 ol g ol pelp cezr 0SB
ey § yed (g5 9l ol 5Ls 50 2l0E polis
Sleogas Sgp b g 03905 Joo (Gdian, yolie g
RIS JPSIVE DO W FIUES e
o5 08les 5 ab) g QLIS Bl el
olS oz 5l LS 2S5 4 (Arancon et al., 2004)
Oldze 05,5 o (Abyar et al, 2017) Jals sl



g3 Shas 395 365 Elgil )15 5 (65l calite slaws, i Sen 5 (65590l (soual 24

Pl (s Sjgots 5o sladile b oj)lee Bl oo
SSoilal gl Jald sl olF cuilsy oloy ol
Aoy 0 loy 4o uilul (g uSeslail g uilul o Slas
Sldiges g 28,5 ol o )S Slao,0 B0 o 2o 5
e oS byl glacile S e azg b alS
o g el S mhw gl gy alold
Sl i Jie (S S 3l a pad o
YA GBIl slod j0 g S bl O jg0 4 diged 4o
9ily by &5 0 SiS (5 Ol S (SBle 4z 0 YV L
bl o Slos (5 pSosluil jolaie & (AL (380
<8 8 alodl (Luill doys o S oole o palol>)
L Sis Sy diged p,5 00 ojlail 4y &S50 5l s
9y & xS lel e g WS 5 (s 95l5
S 4 ,o0elS oliws l eolaiwl b ylade Ol L plads
4355 gl (Omid Beigi, 1997) ¢é,5 plxl el ¥
b o S Sy oius el
Jae lazie L (GOMS) o> muwilb
5 splitless .Sl (gl,ls Hewlett-Packard 6890
VO Sl Gl g e Yo Jsb 4 adse (gt
DB-WAX Jow o duo VO old culs ¢y dw
(Agilent/J and W Scientific, Folsom, CA, USA)
YV Ol boaxil ojie 65 51,5550 ol oolainl

Llse 5 oy 55 ()T o a5 wilb s o5 il az
Slos 093 o0 00l jae 4By 5 X Lo T oo g
a5 4z s Vo oue a4 o 5 il a0 A o addl
o olS il a0 Ve Sl b o g 0l alils
42,85 ) 3l ey g odiw; o T il a0 VF e 4 ad s
a0 Ve @ agds ol S Sile ax o ¥ ol b
g odd aldly a5 A8 Bs ¥ Dok 4y ot o 5 il
YVe @ agds ool il axy0 ¥V Olosd b s
PSRN RPN IRWGIRNE T WP
oslitl Jol> 5B flgicar adds 0 s des ) j5es
ladiges b s o5k ploy ol (29,5 Sl a8
gl oboly 5 o0l Cosp e 5 analie ol
.(Yang, 2005) ay0,5 cdalé i Sovine )
MRl b el 5l Jols slaosls ol 5o
Slas Sl dsliae . 35al 4525 SAS 9.2 5Ll

28,5 plaxl oy iy e ;o LSD 905l sy 4

o Jele fyieas (CungpaS 5T aoy B0 + eyl 055
5 095 Bl s b plojle jl lalis as wisg,
Oddsl 5 E9y8 VYAV Cutgms)l sl )b jo s
Sl oS 2. cdF Do ol > YO Uy e
e gl Voo s, galold 4 cuils (o, b
Sy e ¥ Job 4y e ile Ve L9 50 (o salald
s 15 5145 e S5 b S o iy ol 2 esdle
Sl Dyge 4y /D Wog Dglaie (6085 Bl o
SE Sl Gy ol sl 5l JS ol as s e s
Slom g ErSages Sl T b e o a4
FFr ek ¥ Sl o 5 (0905 Sas ga
S 503,5 5SoN o oo 5 (Ko ooy
o 25 Jlosl o s ) sz o o] mbs
(L (o jns 5 utS) il al> o 5l g b
Sl mlugh; olfiws alg &y abgype oS 0
bhog S O Jewily olie aulxe 9 (TDR)
Slrio s gty 4 S Jusb, Soe
TS S Jleel it slafonily sl (5)Led
et Sl sl S o gimie 51 Gtalesl g9,
3 TDR oo lawgs ool &l (goue Jlade (yu alail)
Sy Omizmen b olaiuwl S Cogby ceze jlaie
@ oo sl dgd 5 bl O Jlade JpuS g s
555 Lisyge slade (sl Slue )5 eslatul oS
O doyd 3l Dle CusgeaS o5l o CangiaS )
lr p3¥ ey 95 Jlade () Jgu2) ooy 5 ST
Omid ) tSe ,5 o) FslS 1Y+ L L,y il glis
isgaS 355 (59,0 Lg)'L.;al)'T Slade g (Beigi,2009
» -(Bahrami & Sber Hamishegi, 2015) 54 (/Y'+)
9SS o0y9 995 SL0 )90 Jlde oy bl
0yl 955 5 (LS 5 o3 Yo/o¥ g YYINE) CgeaSss]
S leos )T e GBS 0 0 55LS VFY)
$oe) S siale Vo Gee o iS5l )3
Sam o) (oloontiogS 5 bgbe (aiy; arwy
033 oy 4 (2lpS A5 Jlesl 5 B3 g ol S L
285 Sppe o Yy b Gl D) ll s
2 wdin gl Gl e ras e Ol
Sl o5 5 Lwgie ol o5 (i g slales
S o caSee WWer g VAee YV soul



s5Y

VE- e 5l ¥ 8Les Y 5,90 ol SLEL psle

oolaiw! 3,90 wwﬁj 9 w9.».o5‘5¢)3 9 L)’“"L")—‘ ‘5|):>‘ dalaie ) Sk @L».au.w 9 L;Jfaj ‘51.&‘;]:3 A Jj..\?
Table 1. Physical and chemical properties of soil in the test area and vermicompost and azocompost used

EC Organic Total

Available Available Fe Zn

Tcsftﬂrc (qls pH carbon N C/N P . K . (II}% (n}:g P(EX) (l;/f)
m ) (%) (%) (mgkg ) (mgkg ) kg ) kg)
Soil if;‘}g 143 74 1.4 0.14 0.099 27.6 520 8.40 114 926 16.45
Vermicompost 225 797 B 1393 22304 16450 14650 7445 164
Azocompost - 3.1 5.7 21.45 1.54 13.93 5700 23700 8920 345
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Table 2. Results of variance analysis effect of irrigation regime and fertilization on dry matter, essential oil yield and

composition of peppermint.
Mean of squares

Source of variation - df Dry matter ESS;?;IS oil Menthone Menthol Menthofuran Piperitone I\;Iccent';l?e/l B-pinene phellaar; drene Eucalyptol
Block 2 254853.1 1.36 0.073 0.074 0.092 0.054 0.072 0.167 0.090 0.107

I 2 522391497 1674917 19.0557 69.1197 28.2327 8.728"7  3.0727  0.902%** 0.263 3.198%*
BxI 4 144795 2.78 0.058 0.051 0.042 0.063 0.049 0.022 0.053 0.034

F 5 110555147 1031.477 324207 54.9417 21.663" 11.3957  11.2987  1.071%** 0.228 0.118
FxI 10 74945857 390.157 20177  2.746” 1.1627 0483  3.5827  0.51%* 0.337* 0.476**
Sub error 10 48786.9 2.74 0.131 0.126 0.125 0.126 0.124 0.141 0.131 0.127
C.V. (%) - 11.6 3.83 2.46 2.36 4.99 6.21 11.26 14.71 19.42 18.03

29555 F gLl w5, 1
Qo0 S g g Jlaim] mdaw jo o e gl ol ey

I: Trrigation regime, F: Fertilization

*, **: Significantly differnece at 5% and 1% probability level, respectively
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Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil
compositions of peppermint.

Source of Mean of squares

variation Gama-Terpinene Isomenthone Carvone Pulegone B-Caryophyllen o-pinene Camphene Sabinene I-octanol-3-ol
Block 2 0.197 0.0973 0.117  0.072 0.135 0.085 0.095 0.103 0.154

I 2 0.654™ 1.8117 0.026  0.625 0.367" 0.11 0.485" 0.591" 0.345
BxI 4 0.022 0.072 0.032  0.052 0.038 0.044 0.038 0.056 0.096

F 5 0.22 1.253" 0.098  0.439 0.878"" 0.5477  0.5237 09377 0.378""
FxI 10 0.439" 1.506™ 04737 0.673" 0.596™" 0.194 0.321"  0.657" 0.314™"
Sub error 10 0.151 0.143 0.129  0.125 0.141 0.125 0.124 0.141 0.038
CV. (%) - 18.65 16.51 18.81 17.44 21.02 18.51 19.78 18.53 15.65

I: Trrigation regime, F: Fertilization 23095 F «solel mosy 1

*, **: Significantly differnece at 5% and 1% probability level, respectively Qo0 S g g il a0 lo g glds o

(sl gl Guild DLaS 5 (20955 5 )kl )y Sl bl e @l ¥ Jgor aslol
Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil compositions
of peppermint.
Mean of squares

Source of variation df Myrcene T o B-Ocymene 1,8-cineole Limonene Para- Neomenthollsopulegole Linalool
erpinene Cymene
Block 2 0.153 0.09 0.152 0.051 0.09 0.11 0.13 0.085 0.086
I 2 0.396 0.264 0.037 0.56" 0.125 2.667" 2,926 0.472" 0.021
BxI 4 0.094 0.053 0.1 0.073 0.064 0.096 0.027 0.058 0.046
F 5 0.5817" 0.228 0206 0.56" 0.2 0.211 7417 0.229 0.342"
FxI 10 0.483” 0.337 0.373” 0.574 0.409" 0.6117 2,036 0.315 0.509™
Sub error 10 0.034 0.131 0.035 0.13 0.138 0.1 0.131 0.132 0.126
C.V. (%) - 12.40 19.42 15.33 20.82 17.98 25.05 14.73 19.29 16.34

I: Trrigation regime, F: Fertilization 2905 F «solel mosy 1

*, %% Significantly differnece at 5% and 1% probability level, respectively Qo0 S g g Jlaim] g 5o o g gld o ey s g %
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Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil compositions

of peppermint.
Mean of squares
Source of variation df Dihydrocarvone Myrtenal Dihydrocarvyl a-Humulen - Carvacrol  Borneol  §-Cadinen Germacren D o-Murrolene
acetate Bourbonene

Block 2 0.177 0.039 0.198 0.159 0252 0.129 0.106 0.102 0.066 0.093
I 2 0.549" 1.361° 0.452 2.698™ 1.028" 1.569™ 0.141 0.634 0.662" 0.431"
BxI 4 0.049 0.08 0.088 0.089 0.09 0.027 0.033 0.1 0.054 0.028
F 5 048" 0.195 0.173™ 0.177" 0.835™ 0.83™ 0.415" 0.422™ 0.528™ 0.188™
FxI 10 0995™ 04117 0.544"™ 0.233" 0.147™ 0.586™ 0.369" 0.403™ 0.854™ 0.229™
Sub error 10 0.043 0.131 0.041 0.036 0.039 0.126 0.126 0.031 0.125 0.042
CV. (%) - 1491 20.59 13.852 15.96 13.62 2249 20.18 19.19 21.02 23.61

I: Trrigation regime, F: Fertilization 23995 F «solel wosy 1

*, **: Significantly differnece at 5% and 1% probability level, respectively Qo0 S g il a0 o g glds (o
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Table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil yield and
composition of peppermint.

g - 2 9
-8 =) . = © _ g © s 5 —_
g2 £ 2=F 5. 2. €. 5. 8. . 2. &_
g 8 Eg £2% £ e 28 58 38 EE S8 =8
‘g g Eé’ 8>\a Ev Ev %av E"v gv &v ‘gv gv
o 2 &3 S = m
E = pS 3
F, 3158.33a 74.00a 13.10k1 16.20e 6.3h 6.5cde 2.5e-i 2.7a-d 1.6cd 1.8ef
F, 1966.66¢ 40.20h 11.500 10.53j 9.9a 8.6a 34c 2.4b-f 2.1abc 2.2bcd
I Fs 2641.70bc 59.30d 14.001j 12.80h 8.6d 6.1def 23g-i 3.1a 1.7bcd 2.4ab
! F4 2841.66ab 65.10c 14.8gh 12.60h 88cd  5.5g-i 2.9c-f 2.6a-¢ 1.8bcd 2.9a
Fs 2108.33de 46.50f 12.4mn 11.70i 9.4ab 7.2b 3.1cd 2.8abc 1.8bcd 2.9a
Fes 2016.70de 38.60h 15.5¢ef 14.0g 7.3fg 5.0ijk 2.8d-g 23cf 1.9bcd 2.4ab
F, 2033.33de 44.50fg 13.7jk 20.50a 4.1k 6.0e-g 3.0c-e 1.8fg 2.0a-d 1.5e-g

F,  231670cde  47.00f  128mn 1150  93bc  65cde  29¢f  29abc  20a-d  2.0b-c
Fs 1095.83g 27.70i 15.4fg 13.70g  78¢f  52hj  3.lcd 24bf  23ab  23bc

L F, 2158.33de 50.60e 16.3d 15.10f 7.2g 4.75-1 2.4 2.1def 1.5d 1.9b-f
Fs 2341.66¢cd 43.30g 13.0lm 13.90g 7.9¢ 6.6cd 2.5e-1 3.2a 1.4d 1.7d-g
Fs 1116.66g 29.801 18.9a 17.10d 5.7i 3.8n 7.7a l.4g 1.4d 1.8ef
F, 979.20g 28.205j 15.2fg 19.60b 4.4ik 5.3hi 2.7d-h 2.0e-g 2.6a 2.0b-e
F, 1112.50g 22.60k 12.2n 12.80h 8.8cd 7.0bc 2.2hi 2.6a-¢ 1.7bcd 2.0b-e

I F3 1060.40g 26.60j 16.1de 17.00d 5.51 4.6kl 2.01 2.9abc 1.9bcd 1.5e-g

? F4 1740.00ef 50.63e 18.2b 18.30c 4.9j 4.0mn 2.5e-1 3.1a 1.8bcd 1.2g
Fs 1166.66g 26.40j 14.5hi 15.00f 6.9g 5.7fgh 2.6e-h 3.0ab 1.8bed 1.4fg
Fe 1595.83f 38.70h 17.0c 18.50c 4.8j 4.4lm 5.7b 2.7a-d 2.2abc 1.6e-g

00 055 590 (obeons 355 Qo) Vo v i g4y F6 FS F4 F3 F2 Fl S oolisiad 8 Cugl) 0o y0 00 5 ¥+ YO adss 3l s 5 bl i 4=T5 5 51,
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11, 12 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50%
chemical + 50% azocompost, 100% vermicompost, 100% azocompost, 50% chemical + 50% vermicompost, respectively.

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil composition of

peppermint.
Q © E 'Tlg‘
= 3 g .5 2 S 5 g = 8 3 g
s 3 & 2 : £ 2 g 3 g >
3 £ R g o £ 8 8 A g =
&0 2 — g -
E
%
Fi 2.1b-e 2.5bed 2.1a-d 2.7ab 1.9bcd 2.30ab 1.90d-h 1.50bcd 1.40de
F, 1.6ef 2.1b-f 1.9bcd 2.0c-f 1.6¢cd 1.50efg 1.93d-g 1.30c-f 1.42d
I F; 2.3a-¢ 1.8e-g 1.5de l.4g 2.1abc 2.40a 2.50a-d 1.40b-¢ 1.00f
! F4 2.0c-f 2.6bc 2.0abc 1.7fg 1.8bed 2.10a-d 2.00c-g 1.60abc 1.10ef
Fs 2.7ab 1.2g 2.6a 3.0a 2.7a 1.70c-f 1.40gh 1.00fgh 1.40de
Fe 2.8a 2.0c-f 1.6¢cde 2.4bcd 0.7f 1.50efg 1.80e-h 0.90gh 1.70bed
Fi 2.2a-¢ 1.7g 1.9bcd 1.4g 2.3ab 1.80b-f 2.50a-d 1.20d-g 1.60cd
F, 2.1b-e 2.1b-f 1.8b-e 1.6fg 1.7b-d 1.60d-g 2.70ab 1.30c-f 1.40de
1 F; 2.2a-¢ 2.7b 1.9bcd 2.3b-e 1.7b-d 1.60d-g 2.00c-g 1.30c-f 1.50d
2 Fs 2.5a-c 2.1b-f 2.2abc 1.7fg 1.8b-d 1.40efg 3.00a 1.70ab 2.20a
Fs 1.9¢-f 2.0c-f 1.2¢ 2.1cf 2.0bc 2.10a-d 1.60fgh 1.90a 2.00ab
Fe 1.8d-f 2.5b-d 2.3ab 1.9d-g 2.0bc 1.10g 1.60fgh 0.70h 1.10ef
F 2.1b-e 1.9d-f 1.6¢cde 2.4bcd 1.3def 2.20abc 1.60fgh 0.70h 1.00f
F, 1.8d-f 4.7a 1.7b-¢ 2.5abc 2.3ab 2.10a-d 1.30h 1.50bcd 2.20a
I F; 1.4f 2.le-f 2.1a-d 1.8e-g 1.6¢cde 1.90a-¢ 2.60abc 1.30c-f 0.80f
3 Fs 24a-d 2.3b-f 2.1ad 1.7fg 1.7bcd 1.90a-¢ 2.10b-f 0.90gh 1.90abc
Fs 1.9¢-f 2.4b-e 2.0a-d 1.8e-g 1.9bcd 1.30fg 1.50fgh 1.10efg 1.70bed
Fs 1.7ef 2.5b-d 1.9bcd 2.0c-f 1.0ef 1.60d-g 2.40a-¢ 1.00fgh 1.40de

B 95 g ¢ aliowd 355 Qo j3 Voo i gy FO F5 F4 F3 F2 Fl «SB oolaul LB Cugby 0oy 00 4 ¥+ N0 adss 5 o )kl e @=L b gl
CawsgaeS 059 0o ,0 B0+ oliand 955 duo 0 B¢ 9 CewguaS g3l duoyd Vo WCowgroS 509 duoyd Vo e FOWIVR 251 IRWRY) + 2lond 395 do 0
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11, 12 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50%
chemical + 50% azocompost, 100% vermicompost, 100% azocompost, 50% chemical + 50% vermicompost, respectively.

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil
composition of peppermint.

(]
Q o — =
£ 2 2 2 9 5 S 2 — S
= g & g 5 g 9 £ E g £
= = = Q ) 3 g 3 S 3 2
B @ ® = - & g - a
E
%
F, 1.60cd 1.30cde 2.20abc 1.90a-d 1.40a-d 2.60ab 1.90abc 2.40cde 1.30de
F, 2.16abc 1.30cde 2.10abc 1.90a-d 1.06efg 2.06b-e 1.93abc 5.66a 1.43cde
I F; 1.70bcd 1.90ab 1.90bcd  1.60cde 1.50abc 2.00cde 2.50a 2.20c-f 1.80bed
! F4 1.80bcd 1.50bcd 1.60cd 1.30de 1.10d-g 1.90cde 2.20abc 2.80c 2.30ab
Fs 1.80bcd 0.90efg 2.10abc 1.30de 0.80g 2.30abc 1.80bc 1.50gh 1.80bed
Fs 1.90bed 1.70abc 2.00a-d  1.60cde 1.30b-e 2.20abc 2.00abc 2.30c-f 1.90a-d
F, 2.00a-d 1.70abc 1.60cd 2.10abc 1.50abc 1.90cde 1.60cd 1.9¢-h 2.00abc
F, 2.00a-d 1.30cde  2.20abc  1.80bcd 1.20c-f 1.50e 1.90abc 5.00b 1.60cde
I F; 2.30ab 1.20¢-f 2.60a 1.90a-d 0.80g 2.60ab 1.90abc 1.40h 1.10e
2 F, 1.50d 2.10a 2.00a-d 1.60cde 1.00efg 2.70a 1.90abc 2.40cde 1.60cde
Fs 1.40d 2.10a 2.50ab 1.00e 1.70a 2.10bed 2.30ab 2.60cd 1.10e
Fs 1.40d 0.80efg 2.00a-d  1.60cde 0.90fg 2.00cde 1.60cd 1.90e-h 1.50cde
F; 2.60a 1.20c-f 2.60a 1.40de 1.00efg 2.60ab 1.70bc 1.80e-h 1.90a-d
F, 1.70bcd 0.43g 1.40d 2.50a 1.10e-g 2.30abc 1.70bc 2.10d-g 2.30ab
I Fs 1.90bed 0.80efg 2.0a-d 2.30ab 1.70a 2.20abc 1.9abc 2.20c-f 2.00abc
3 F, 1.80bed 0.70fg 2.00a-d  2.10abc 0.80g 1.80cde 1.00d 2.30c-f 1.70bcd
Fs 1.80bed 0.70fg 2.10abc 2.30ab 1.6ab 2.70a 2.00abc 1.70efg 1.80bed
Fs 2.20abc 1.10def 2.30ab 1.00e 1.40a-d 1.60de 2.10abc  2.00d-h 2.50a

00 055 590 (oboonis 355 Qo yd Vo v i g4y F6 FS F4 F3 F2 Fl S ool 8 Cugly 9o ys 00 5 ¥+ V0 adss 5l s 5 bl i 4=T5 5 51,
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11, 12 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50%
chemical + 50% azocompost, 100% vermicompost, 100% azocompost, 50% chemical + 50% vermicompost, respectively.

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil
composition of peppermint.

oS B 2 =) ©
g 2 2] I} g 2 & g 5 5 e
g S = 53 = 5 g g g g 5
g = z =8 = 2 s & 4 E =
g E = 5 QIJ Q 7<) 5] 0
.20 [ a =% O s
E
%
F, 1.40def 2.50a 1.80a-d 1.20de 0.60h 1.10def 2.00a-d 0.04g 0.90ab
F, 1.23efg 1.86b-¢ 1.70b-e 1.23de 0.66h 1.23cde 1.93a-¢ 1.36ab 0.80b
I Fs 2.30a 2.00a-d 0.11g 1.80ab 0.90fgh 2.1a 1.70c-f 0.90def 0.80b
! F4 1.90b 1.80b-e 0.90f 1.40cd 1.00efg 1.90a 1.00hi 0.70f 1.10ab
Fs 0.70i 1.80b-¢ 1.90abc 0.70f 0.80gh 1.30cde 2.30ab 0.90def 1.00ab
Fs 2.00ab 1.20fg 1.50cde 1.00ef 0.9fgh 1.50bc 1.20f+ 0.80ef 1.00ab
F, 1.80bc 1.60c-g 1.20ef 1.70abc 0.73gh 1.50bc 2.00a-d 1.10bed 0.80b
F, 1.10fgh 2.20ab 1.30def 1.50bcd 1.40cd 1.80ab 2.10a-d 1.20bc 1.00ab
I F3 1.30efg 1.10g 1.60cde 1.40cd 1.30cde 1.80ab 2.20abc 1.00cde 0.90ab
2 F4 1.50cde 1.90b-e 1.60cde 2.00a 1.00efg 1.20cde 1.60d-f 0.21g 1.00ab
Fs 1.70bed 1.90b-¢ 1.50cde 1.30de 1.60bc 1.89%a 1.40e-h 0.70f 1.20a
Fs 0.80hi 1.60c-g 1.90abc 0.80f 0.90fgh 1.30cde 1.90b-¢ 0.80ef 1.00ab
F, 1.30efg 1.90b-¢ 2.20ab 1.70abc 1.80ab 2.00a 0.70i 1.20bc 0.80b
F, 2.00ab 1.40efg 2.00abc 1.69abc 1.50bed 1.00ef 1.40e-h 1.09bed 0.80b
L F; 1.50cde 1.50d-g 1.70b-e 2.00a 1.40cd 1.10def 1.30fgh 1.60a 1.00ab
: F4 1.00hig 2.10abc 1.30def 2.00a 2.00a 0.80f 1.90b-¢ 1.30b 0.09¢
Fs 1.40def 1.70b-f 2.30a 1.50bcd 1.60bc 1.40cd 2.50a 0.70f 1.20a
Fs 0.26 1.60c-g 1.90abc 1.30de 1.20def 1.40cd 1.10ghi 0.90def 0.26¢
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11, 12 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50%
chemical + 50% azocompost, 100% vermicompost, 100% azocompost, 50% chemical + 50% vermicompost, respectively.

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Figure 1. Mean comparison effect of fertilization on a-Pinene content in essential oil of peppermint (
F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% chemical + 50% azocompost, 100% vermicompost, 100%
azocompost, 50% chemical + 50% vermicompost, respectively).
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