Sl g 9 SB Co e a5l
IVAY (0, 0 ylowd cpinind Wl
http://ejsms.gau.ac.ir y)/ , 8y
Lﬁé/}&u&(:"p&/:

A 9 gy GBS g 010 995 8,15 9 S Sla S g G
(Mentha piperita L.) JASELZ 39 419 oL

" Silasans laa s 5 las 0585 Ssalga dilaw [ Al (unsens ! Siallaud ) sene”
el 0,8 ) b IS st el IS 5 et KIS WS ke g S slanl a5 et s el 05 5 Sl
35 b oKl (Lol 058 JLails” o8 ped oKl S ke 05,8 (583wl I o S ek oKl
AVIYIYY @y Fob AUV il s 5 )6

FER
2 e Jolse 5 (ol cpls OLS A4S 5 sy e Shs il 8l esdle 1ue  dble
5y S S S s e Jelse 1 elS A5, s 5 S gla Shis il S50 b Sy ol
2 S Gl Sy b Ople Sul Ollas 04806 sy opl bt ooyl OLLS 655 esbe 5 sel
S S5 6 o sy GRas onl ool 5ol ss el psols LS A4S 5 iass gl S

.J.Z<al>_a\JLLLACL;*_}u_i))\.seL:fJéﬁS)Jiﬁjjdujjuﬂda\::ﬁ:ﬁ)lsjdu

55k s S (Ul 5 il wodadin) S1 (5 m i Jols lejl (sl 556 s S plonil IS
6;\2\/) Lfdb bjs JJ.:)LSJ(L;G\JJJS u_af,a.a CJ&) Jald JAL.Z- L;«:\.3 JJSCJG.AJJJLS)LJQUJJW)L@J- QLZMI‘
-'\-’-'\-i’;f w.:&? laS> &w} Ls'i")’:ﬁ LSLAL;}L} \.,U.:\ Dy ()Lig.h BE USY“ d:l:u LQ‘M BE eJu:Mlﬁ L;a‘b J}g

LS L5j‘§°)\"l"\ U""‘"L’J\ JJ.&L«&)M)J«@L:fJJﬂw "u‘:‘i}) .,\..i'r) le.auij“i} uwajjbj\mj

S ol Sy oo 5 sk 0T Jlie S5 el 558 (S 3l e sl 0L il 4 b sy
Cla.ﬂja ol 5 Sl 5 (S5 dsm 5 Shas ile St 055 oS S 5 5 0 @ila gl Wl s
A il gLy a8 sl LS b Sl aeslie (pizma LS I3 e e 53 8 5 dos ) Jlex]
3 el e BB el S )b s b pme SN U s 0 JL:.:;—\C]a.dﬁ o s s
s Shas 5 S 2 8las ) GRISH e Sbabie SB S olas adS Sl S 5 ke e
St 5 5 0hs il 33 S polias S oy 5 dsb o 2008 s G 3l S 55 e s el
355 5 S blize S H Kl amlin . dls s me b bl 3 Ses 5 doys ((S5ylsm 3 Shee S
S8 L s cldsdin S s e 95 s bl s Sas 5 (S5 s See o 5 e S 5 ;ﬂdl_uf&a\:

A el sl s S

m_rafiee1999@yahoo.com :43\s J ye



YAV (£) 2 )lond dA) s sy adgi 9 SI& Cap a4y pul

ol s Shee 5 sy G Shs o ledes b Sbt g a8 sl DL tas ol s s S e
ekl 2l Sy el e Sldodde S ) 2 350 S Cy«.ﬂf)l Sl &L"L’CL‘*"
B s 355 5,08 oS el 0T SLS S cman 3 Lls Jiliglis s Shas 5 god 5 35 sln L il
(Sl o S @le 3 S sl (S S5 Sas 03B S s Slas dilbe glajasls o ls see

by bl s Sae 5 uilal ds s

=g L5LAL5§}J LJLA.DCL:U (ol 358 (il istls slaoly

Sl S5 S Col ool OLES (Y)Y 3T AY OY)
s el SIS 5 Jpamme A 55 Shes S
g5 3 Ui canllas Lyl d 5 Jpame g 0 x5 L
Qb&ﬂ;é.m.@\@,&;ﬂduduj;uﬁt
(SPss ST Sa Sy eon b (T0Y0)
2 Sl Gl oS bS5 bl ds s
L35 ilS ol 5 Jmesler Olial glasls
2 olS gl SSssses ST s Sy
o CL“’ e Sl Ogline il glasS
Ad 0SS g S oy O Sl ey
S el dos s sk ly ool LG
5 S oSl IS L Gl Shs e
O8) Ko g olS pl JssblS ds s
Slas S wgza il s ol sladle s
g s (e O 5 ol
250 S Pl 5 OLLS Glodis Sl ab, g
e S b gl Ll § 13 g
e hlpe bls S a5 L (S
SR S ) Bl e 5 (S5
2L g e i S T sl g Co e
o b s 4 a5 bl o5 Slagtow
S s ol el sl s T el
(olbos slass ”Um e e

Gl a5 1 Glotns el 31 T slse O s

EVRT

L s Mentha piperita s el L Jalipla
Col ki ile oS peppermint s sos el
wl, Lamiaceae o, 3| alS (sdues; 3 &S
Ol sl .1iL » Rosaidae o>, 5 Lamialse
Oheded g oS Shaalls G5 S P bline (6 sl
s Ml s Jibpla oS bl ol S S
sl oS sy S sl s oS
o3BG g Ladf;MJJY/VUY LS 5 5 pd
0o bl e kg Hebay sl il
ol i8S doun /0 B Y olS lsa sleplul
@ S Conl ool OLLS dax 31 oS pl e
axy Sbas Slosaae gy Slp daddy
oS cpl .l anils b glane 54w Iy O‘Ji‘:“”}"i
e il 5 olAE (osls calse JKEI s

(V) 555 0
Sl S 5 bl Ui 2 s B o3l
Jolse 3 ol sl LLS S5
Sl 850 gla Sns opl p s
Rl 5 s gl Bl Sele o
Cowdts ooms Jolge J 28 50k 51wl OllS
e Jolss 5l olS a5 S sla Shs
e el s sel 5 Aby (SSn NS



Sist ga 5l e baksed 1Kl Sldlas
YOS e Wbl lae 3 0As
bl 5 Bla o ik el e (S e s
o ki O G s oslae 53 S Colia
O35 58 (YY) 5 0kl Losy 4 T esle (St
4 S odr Uil () Jllns by, 4 S
Fogseds b dylos sln (YY) udsl S
b Oseml s Ghoo @ dsboe e 5 peedS o(V0)
oo oa Dol s Sl S 5 (YY) ey
G (1Y) S Sl b (228 Ol 23

Ays S
JosSl Sson Shasn cnl il Slalls
ST sl LS el b 6
G a) S gy Jeld ol L pS6 as ol
(Golise 5 dbwsler Okl 35 i s 5l S
dald o g3 g el S Jeld s 5 SU
Olszaa) (13 355 5,28 5 (o358 e pe)
S5 Y Joles QIS s sty s 355 0 8 V8V
Gas Y¥0) olS a0 b o np OSs s
53 il IS5 el Jols o5 Slles 4an
Sy oy goay OIS alas (sl BT L o5k
53 Glin Ll Jame Ll b 4y ey A3 ol
33 3 by Olkes 5 w3 S Jleel L4 b
ol g 53 iy Ul A e 8 S s oy
0> Sl e g d e 5 (L2 51 ey 55, 40) AY
A el (GBS 5l e 5a) YAY) QY gy
S o s dsb b oS iy gl Sk
i 5 5 0is @wle 53 S oslaw wile Jsb
O35 foeme) Sidam s Sles 5 bl 5 Sy
L S Skl WS S, s sl e
Lol b ki 25 @ ol gl (s
o O do)s 5 plndl i flS olSaws 51 ealinud

slas,s 5t (1) OLes 5 Lis,sT (1Y)
5 olel Ol o Shas &S 5 sls (plad
or b oS sl oS Ll ol ols s
el pland glas S aS sl Ol R @L:.} s S
2GR S 8ma s Las w5 Shee 205
Sl s S s amEl &l bl Ol
Sols gmn ssbay Iyl Lulul Olpe 5 il 5 Shee
Oy 5o (FOT) OLSea 5 mhae (1) s 53l
b oS Pl Ulhe 5 5 Ses S L
OF) ol ol by 358 Gyme S5 Sl
sl i3 Ol SK Sllas 048U
5 el OlS Wiy s ol gle Sy 5 il
Sl @8 e Mbpla oS eV
saols QLS S 5l Gda oy Sees S 0
BB el 3Y sl e 0T 6 50 3l ga 5l eslizd
(ol2 258 2,08 5 S gla F50) s Ll 2
550 QLLS ool o o5 olge W5 5 o Shas
b rasn cnlnlile 30S D3 mn s s
Rl 2 e 5 Sl gy b )y S
A plsil Milsg b olS A4S 5 cEass sba S

g, 9 dlge
Rl bl Gl il phiges g gl e Slallas
Viovens Sbowis oledbl gl 5 (e
St (ol 5 s lear Olisl 5 S ol ol
Uwler 5 ol (L lag ) S
S g gy Sl (OY) L S ol
bl GLSE 55 e i S
s sl Shs B L ouls S
sy Sl Gl wil Kus b lens
U Ao Gos 5l (aw @sed (S Olsear candllas
5 AL Glan o plnil gl e sl Y

s sl Jalbplia oS cuts



YAV (£) 2 )lond dA) s sy adgi 9 SI& Cap a4y pul

et 5 (o s S o Sle anslis

el ol 05))1\ d_}.l} BE adlase 390 LSLA;S[;—

Aoy oo ol 5l Gelal s See S

ol s S S s Shes s bl
Lolesls (bl wm tbresls Jdow 5 4w
L 55 LoSSle amlie 5 SAS Sisdle 3 Sl eslin

Aoy 0 Jlasl w3 STl Ogesl 3l eslizal

GBS S 3pe Ol Olge mlS ol el
(bt 5 S sl Sis Lkl adlas 54
el KusS b e 55 W6 slacsls

. N . é. é-. -
s n 2050 GBS gl 5 (S G S hs 5Rle amlie Y g
Table 1. Mean comparison of physicochemical properties of studied soils.
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Table 2. Analysis of variance of the studied factors and interaction effects on morphological characteristics of

peppermint (Mentha piperita 1.) in first cutting.
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Fresh Number Heich Fresh Width L h
Dry weight of leaf cight Dry weight dt engt
weight weight
) S
0.01™ 0.073™ 0.38™ 4.63™ 0.33™ 2.017"  0.0067™  0.022™ 2 *
Replication
Sk
146.85**  1491.8**  7562.7**  1170.9** 54.4%* 478.9**  (.33%* 2.34%* 2 S
Soil series
|
0.76** 4.6™ 460.05* 502.44%%* 10.27*%%  47.37*  (0.405%*%  1.33%* 1 e
Manure
S x S
1.11%** 21.23%* 89.39** 37.49%* 1.47* 0.47™ 0.11** 0.8%* 2 .
Soil x manure
1555
0.07 0.96 13.85 4.8 0.21 1.27 0.01 0.019 10
Error
(Ao ) DS 2
1.32 1.39 2.92 3.18 3.30 2.74 347 2.54 - Coefficient of

variation (%)
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" ** and * not significant, significant at 1% and 5% probability levels, respectively.
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Table 3. Mean comparison of morphological characteristics of peppermint (Mentha piperita L.) at different soil

series in first cutting.
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Dry weight Fresh weight Number Height Dry weight Fresh weight Width Length
(g per shrub) (g per shrub) of leaf (cm) (g per shrub) (g per shrub) (cm) (cm)
s
22.25° 76.55 140 72.81° 13.76" 42,95 2.85 5.43° Jometex
Chaharmahal
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Boldaji
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Table 4. Mean comparison of morphological characteristics of peppermint (Mentha piperita L.) at different

levels of manure in first cutting.
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Stem Leaf
Sl s CEM
St 039 508 _ 'ijl S O FReY oS Jsb Level of manure
Dry weight Fresh weight o Height Dry weight Fresh weight ~ Width Length
(g per shrub) (g per shrub) Number (cm) (g per shrub) (g per shrub) (cm) (cm)
of leaf
a a b a b b b b dals
20.98° 70.93° 1222 74.1 13.31 39.48 2.73 5.14
Control
eS8 s 8
20.57° 69.92° 1323*  63.53° 14.82° 4237° 303 5.69° (LIS 53 ¢ S 1EV)

Manure application
(147 g per pot)
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Figure 1. Interaction effects of soil and manure application on leaf length (A) and leaf width (B) of peppermint
(Mentha piperita L.) in first cutting (means having at least one similar letter are not significantly different at

5% probability level using Duncan test).
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Figure 2. Interaction effects of soil and manure application on stem height (A) and number of leaf per stem (B)
of peppermint (Mentha piperita L.) in first cutting (means having at least one similar letter are not significantly

different at 5% probability level using Duncan test).
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Figure 3. Interaction effects of soil and manure application on leaf fresh weight (A) and leaf dry weight (B) of
peppermint (Mentha piperita L.) in first cutting (means having at least one similar letter are not significantly

different at 5% probability level using Duncan test).
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Figure 4. Interaction effects of soil and manure application on stem fresh weight (A) and dry weight (B) of
peppermint (Mentha piperita L.) in first cutting (means having at least one similar letter are not significantly

different at 5% probability level using Duncan test).
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Table 5. Analysis of variance of the studied factors and interaction effects on essential oil percentage and yield
and biological yield of peppermint (Mentha piperita L.) in first cutting.

Sl e (1 Sle
Mean squared

L5:.!)'1 a3

bl s Shas S5 4 g 3 S bl A s e
Essential oil yield Biological yield Essential oil percentage df Source of variation
. . . S
4.24™ 0.308™ 0.0035™ 2 S+
Replication
Sk
167.39%* 369.12%* 0.62%* 2 S
Soil series
ZLEET
62.42%%* 5.44%* 0.095%* 1
Manure
. S
13.46™ 057" 0.026%* 2 25
Soil X manure
et
1.57 0.17 0.003 10
Error
s .
127 12 8.13 - (ho2) Sl o 2

Coefficient of variation (%)
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™ ** and * not significant, significant at 1% and 5% probability levels, respectively.
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Table 6. Mean comparison of essential oil percentage and yield and biological yield of peppermint
(Mentha piperita L.) at different soil series in first cutting.

bl s Shas S5 4 g 3 ,Shas bl A ys S (g
Essential oil yield (g per shrub) Biological yield (g per shrub) Essential oil percentage Soil series
, , Iyl
12.7° 36.03° 097 e
Chaharmahal
s
3.8° 26.46° 033° e
Boldaji
a a b G N WV
13.2° 42.02° 0.76
Sefid-Dasht

Al e Sl [)Jaﬂ ol s 0 Jl Ch.w 23,3 gme M| BB O g a5 il Gy > g1l L;Laa.()l.f

Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Table 7. Mean comparison of essential oil percentage and yield and biological yield of peppermint
(Mentha piperita L.) at different levels of manure in first cutting.

sLal K5 bl do

bl 5, Sas 255 50 2,5 o 23 55
Essential oil yield Biological yield Essential oil Level of manure
(g per shrub) (g per shrub) percentage
Jals
8.01° 3429 0.61°
Control
. ] ; (GIRty SVEY) sls 58 5,,8
11.74° 35.39° 0.76" e A e

Manure application (147 g per pot)
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Figure 5. Interaction effects of soil and manure application essential oil percentage of peppermint
(Mentha piperita L.) in first cutting (means having at least one similar letter are not significantly different at
5% probability level using Duncan test).
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Table 8. Analysis of variance of the studied factors and interaction effects on morphological characteristics of
peppermint (Mentha piperita 1.) in second cutting.

Sl e (1 Sle
Mean squared

Bl Sy
Stem Leaf ax ks e
S 503 S sl . St 0 505 } eEs] Source of
b > ; ); Nﬂ X gl b o ; ); B Jsb dr variation
ry res umber . ry res .
weight weight of leaf Height weight weight Width Length
. . . . . . s s Sl
0.009™ 0.187™ 2.39™ 0.63™ 0.011™ 0.19™ 0.0016™  0.007™ 2
Replication
Sk (g
394.1%%  2774.6%* 1195.3%*%  52.5]%** 80.02** 1209** 0.37** 3.3%* 2
Soil series
ZLEET
0.405%* 13.35%* 186.8%* 59.04** 12.33%** 97.5%%* 0.16%* 1.44%%* 1
Manure
S x S
1.26%* 18.28%* 8.72%* 0.53™ 0.14™ 3,59%* 0.12%* 0.55%* 2 .
Soil x manure
1555
0.015 0.067 1.12 0.69 0.059 0.41 0.011 0.009 10
Error
(Ao 33) i oy 2
0.62 0.37 1.17 1.97 1.73 1.62 3.88 1.87 -

Coefficient of
variation (%)
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™ ** and * not significant, significant at 1% and 5% probability levels, respectively.
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Table 9. Mean comparison of morphological characteristics of peppermint (Mentha piperita L.) at different soil

series in second cutting.

asle Sy
Stem Leaf
s S (5w
St 035 BCSY < gl St 035 BT o2 Jsb Soil series
Dry weight Fresh weight - Height Dry weight Fresh weight ~ Width  Length
(g per shrub) (g per shrub) N?Tbif (cm) (g per shrub) (g per shrub) (cm) (cm)
of lea
Jlows g
23.01° 80.6" 935  42.05° 13.73 43.3° 2.78° 5.3° Sex
Chaharmahal
c c c c ¢ ¢ ¢ ¢ ;:)."\L
10.41° 45.8° 75.5¢ 39.13¢ 10.56 24 2.53 4.56
Boldaji
25.55° 85.2° 103.3° 45.05% 17.85" 51.68° 3.03% 6.05" )
Sefid-Dasht
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Table 10. Mean comparison of morphological characteristics of peppermint (Mentha piperita L.) at different

levels of manure in second cutting.

sl

z

Sy
Stem Leaf
sl 835 CE“
SE* 035 S 055 B gl SEF 05 S 058 0P Jsb Level of manure
Dry weight Fresh weight o Height Dry weight Fresh weight ~ Width Length
(g per shrub) (g per shrub) Number (cm) (g per shrub) (g per shrub) (cm) (cm)
of leaf
Jals
19.51° 69.71° 87.55°  40.26 13.22° 37.3° 269" 5.02°
Control
S a8
19.81° 71.43° 94° 43.89° 14.8° 41.9° 288" 558 (01l s ¢ S18V)

Manure application
(147 g per pot)
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Figure 6. Interaction effects of soil and manure application on leaf length (A) and leaf width (B) of peppermint
(Mentha piperita L.) in second cutting (means having at least one similar letter are not significantly different at

5% probability level using Duncan test).
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Figure 7. Interaction effects of soil and manure application on number of leaf per stem (A) and leaf fresh
weight (B) of peppermint (Mentha piperita L.) in second cutting (means having at least one similar letter are
not significantly different at 5% probability level using Duncan test).
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Figure 8. Interaction effects of soil and manure application on number of stem fresh weight (A) and stem dry
weight (B) of peppermint (Mentha piperita L.) in second cutting (means having at least one similar letter are
not significantly different at 5% probability level using Duncan test).
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Table 11. Analysis of variance of the studied factors and interaction effects on essential oil percentage and
yield and biological yield of peppermint (Mentha piperita L.) in second cutting.

Sl :SSkee
Mean squared @bl s e e
bl 3, Shes S 3, hes bl Aoy df Source of variation
Essential oil yield Biological yield Essential oil percentage
, , Sk
0.205* 0.04™ 0.0008™ 2 ’
Replication
S
249.8%* 795.3%* 0.908** 2 S
Soil series
|
63.4%+ 17.0%% 0.135% 1 g
Manure
S x S
13.9%* 0.56%* 0.029%* 2
Soil x manure
Lo
0.048 0.032 0.0001 10
Error
Ew Sl s >
2.56 0.53 1.94 - (o) Sl w2

Coefficient of variation (%)

#% ns

.LS:L»L; M)JO}\ JL&:}‘CE—\#)J)‘JL;M Q‘JL;'M Q}Uﬁé}?_-} (.LGA.MJC}L:J g.‘,:JJSA._vﬁ) ¢

™ ** and * not significant, significant at 1% and 5% probability levels, respectively.
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Table 12. Mean comparison of essential oil percentage and yield and biological yield of peppermint
(Mentha piperita L.) at different soil series in second cutting.

bl s Shas 54 g 3 S oeald Ay S (5w
Essential oil yield (g per shrub) Biological yield (g per shrub) Essential oil percentage Soil series
9%
11.71° 36.75° 0.84° Sl
Chaharmahal
s
1.25¢ 20.9° 0.12° o
Boldaji
13.03° 434 0.72" s
Sefid-Dasht
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Table 13. Mean comparison of essential oil percentage and yield and biological yield of peppermint
(Mentha piperita L.) at different levels of manure in second cutting.

Ll K5 Lol s
bl 5, Sas 255 50 2,5 o 23 55
Essential oil yield Biological yield Essential oil Level of manure
(g per shrub) (g per shrub) percentage
Jals
6.8 32.73° 0.47°
Control
. . . NIty $1EY) Ll s
10.5° 34.69° 0.64° SRS 2 5 M) o 25 2

Manure application (147 g per pot)
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Means in each column having at least one similar letter are not significantly different at 5% probability level using Duncan test.
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Figure 9. Interaction effects of soil and manure application on number of essential oil percentage (A) and
biological yield (B) of peppermint (Mentha piperita L.) in second cutting (means having at least one similar
letter are not significantly different at 5% probability level using Duncan test).

HaSh 1has o

Manure application Control

(ﬂi_,._l)._l r)g) e bl :)ﬁd‘-
Essential oil yield (g per shrub)

¢
¢
.

J PR | -
ot - S
Chaharmahal Boldaii Sefid- Dasht
Sl g
Soil series

A6 wlin Gy > lyls sla W Kile) £33 e L pilal 5 Shas 5 ls 555 5,8 5 S Bl J -V S
(a3 oS35 09051 il o y3 0 el el )3 5l s SN

Figure 10. Interaction effects of soil and manure application on essential oil yield of peppermint
(Mentha piperita L.) in second cutting (means having at least one similar letter are not significantly different at
5% probability level using Duncan test).
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Abstract

Background and Objectives: In addition to the genetic effects on the morphological characteristics
and quality of the medicinal plants, environmental factors have an important role on the plant growth
and their quality. Soil properties have effect on the characteristics of medicinal plants.
Unfortunately, investigation of the effect of soil properties and manure application on the
morphological characteristics of medicinal plants is rarely considered. Therefore, the main objective
of the present study was to find out the effect of the different soil properties and manure application
on the morphological characteristics and quality of peppermint (Mentha piperita L.).

Materials and Methods: The pot experiment was performed as a factorial in a randomized
complete block design (RCBD) with three replications. Factors were consisting of three soils series
(Chaharmahal, Boldaji and Sefid-dasht) of Shahrekord plain in Chaharmahal-Va-Bakhtiari province
and two levels of control (no application of animal manure) and application of animal manure
(147 g per pot equal to 30 ton/ha). Firstly, the soil physicochemical properties were determined and
after the cultivation period, the vegetative characteristics, plant yield, essential oil content and yield
were measured.

Results: The results showed that the effect of soil, animal manure and their interaction on leaf length
and width, number of leaf per stem, stem height, leaf fresh and dry weight, stem dry weight,
biological yield and essential oil yield were significant at 1% probability level in both cutting. Also,
means comparison showed significant differences between different soils. The sefid-dasht soil with
more phosphorous, soluble magnesium and K and less calcium carbonate equivalent caused increase
in growth, biological yield and essential oil yield in both cuttings. Moreover, fertilization had a
positive and significant effect on the leaf length and width, leaf number per stem, leaf fresh and dry
weight, biological yield and essential oil percentage and yield. Means comparison of interaction
showed that the most biological yield and essential oil yield were obtained in sefid-dasht soil and
usage of manure in both cuttings.

Conclusion: The results showed that morphological characteristics and quality of peppermint
(Mentha piperita L.) were statistically different at the studied soil series. Also, results demonstrated
that the Sefid-dasht and Boldaji soil series have the highest and lowest potential for peppermint
(Mentha piperita L.) production, respectively. Moreover, fertilization had a positive and significant
effect on the leaf length and width, leaf number per stem, leaf fresh and dry weight, biological yield
and essential oil percentage and yield.
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