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Abstract

Introduction

The water shortage in the agricultural sector in recent years and its continuation in the future is an undeniable
reality in Iran. Super absorbent materials can be used to cope with the effects of drought and water stress on
plants. As a result of absorbing and storing water, these materials can change the amount or frequency of
irrigation water. To ensure the optimal development of the root structure of medicinal plants, aerial parts, and
essential oil percentage, it is necessary to create optimal conditions for providing moisture. It is time-consuming
and costly to conduct multiple tests to achieve this objective. Thus, simulation and optimization models have
been suggested to solve this problem. The researcher must first prepare the required data for each combination of
treatments mentioned in this model, then build a statistical model based on it. The next step is to determine the
optimal conditions for the independent variables so that the dependent variables approach their maximum,
minimum, or target value. According to the literature review, response-surface methodology (RSM) has been
effective in determining the optimal values of factors in the agricultural sector. As a result, it can be also used to
optimize the application of super absorbent in peppermint cultivation. So, this study was designed to optimize
the use of super absorbent in different irrigation rounds to maximize quantitative and qualitative traits of
peppermint (Mentha piperita).

Materials and Methods

The present research was conducted in the research greenhouse of the Agricultural Engineering Research
Institute (AERI) in Karaj in 2018-2019. Specifically, three irrigation intervals (two, four, and six days) and three
weight percent of Aquasource superabsorbent (zero, one, and two %W of superabsorbent/soil) were tested.
Before irrigation, the moisture content in each pot was measured using a Lutron Professional Soil Moisture
Meter (PMS-714), and the amount of irrigation in each round was determined based on the amount of moisture
deficiency up to the field capacity (FC). The central square design is one type of response surface method. In this
method, independent variables are determined to determine the predicted dependent variable through an
experimental design. This design considers the average levels of the factors as the central point. Using this
method, the experimental treatments are displayed as +1, zero, and —1, which represent the highest, average, and
lowest levels of the independent variable, respectively. Using regression analysis of variance, linear terms,
quadratic terms, and interactions between factors were added to the multivariate regression model to evaluate the
model-data fit. Finally, the significance of the model and its accuracy in fitting the data were determined. To
compare the obtained model results with observed values, the root mean square error (RMSE), normalized root
mean square error (NRMSE), mean bias error (MBE), efficiency factor (EF), agreement index (d), and the
coefficient of determination (R?), were used.

Results and Discussion

Variance analysis showed that the regression model for water productivity was statistically significant at the five
percent probability level (P-value<0.05) and for the other traits studied at the one percent probability level (P-
value<0.01). In contrast, quadratic regression was statistically significant only for root weight, root length, shoot
weight, essential oil percentage, and water productivity traits. The regression of other traits was not statistically
significant. Therefore, the RSM cannot be used to predict and optimize these traits. Based on the lack of
significance of the lack of fit test, the results of regression analysis are reliable compared to variance analysis.
The RSM was also confirmed to be effective in optimizing the traits studied. The overlapping map of the
investigated parameters was prepared to determine the optimal limit and common surface. In the upper range of
this map, which includes the most irrigation intervals and super absorbent consumption; parameters such as
water productivity do not change much. This parameter reaches its maximum value in the center of the map.
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Generally, other parameters tend to reach the optimal limit within the range of the bottom right part of the map,
so, to optimize the parameters of root weight, root length, shoot weight, essential oil percentage, and water
productivity, their target values were determined as 1.1 kg m2, 3 cm, 2 kg m2, 3 %, and 4 kg m=,

Conclusion

The effects of different irrigation intervals (three levels of two, four, and six days) and Aquasource super
absorbent (three levels of zero, one, and two %W of super absorbent/soil) were examined on some peppermint
plant traits. Results showed that the response-surface model did not significantly differ from statistical methods.
As a result, it is possible to trust the results obtained. The traits of root weight and length, shoot weight, essential
oil percentage, and water productivity were used in the RSM, and all other traits were found to increase with an
increase in irrigation water, except for essential oil percentage and water productivity. In terms of essential oil
percentage and water productivity, the reduction in irrigation intervals to +0.8 levels had an upward trend and
then it declined afterward. Increasing the amount of super absorbent negatively affected the characteristics of
root weight and length, shoot weight, and essential oil percentage. As the amount of super absorbent was
increased to a range of -0.3, water productivity increased, and then the value of this parameter also decreased. As
a result of these conditions, the RSM was effectively used to optimize the irrigation interval and super absorbent
amount, and it was determined that the best conditions were obtained by utilizing a three-day irrigation interval
with a super absorbent concentration of 0.3%. Therefore, compliance with these conditions is recommended for
peppermint cultivation.

Keywords: Central square design, Hydrogel, Essential oil content, Root weight

Article Type: Research Article

Acknowledgment

This research has been conducted using the research project fund of the Iranian Agricultural Engineering
Research Institute (IAERI) with Grant No. 24-14-14-054-970973. The authors would like to thank the mentioned
institute for their kind assistance and funding support.

Conflicts of interest
The authors of this article declare that there are no conflicts of interest regarding the writing and publication of
the contents and results of this research.

Data availability statement
The data and results used in this research will be available through correspondence with the author.

Authors’ contribution

Aslan Egdenezhad: Software, methodology, writing original draft preparation; Saloome Sepehri Sadeghiyan:
Resources, methodology, manuscript editing; Mohammad Mehdi Nakhjavanimoghaddam: Resources, manuscript
editing

*Corresponding Author, E-mail: a_eigder@ymail.com

Citation: Egdernezhad, A., Sepehri Sadeghiyan, S., & Nakhjavanimoghaddam, M.M. (2024). Optimization of irrigation
intervals and amount of super absorbent in peppermint cultivation using response-surface modeling. Water and Soil
Management and Modeling, 4(4), 1-14.
DOI: 10.22098/mmws.2023.12672.1260

Received: 08 April 2023, Received in revised form: 08 May 2023, Accepted: 15 May 2023, Published online: 15 May 2023

Water and Soil Management and Modeling, Year 2024, Vol. 4, No. 4, pp. 1-14 @ ®
Publisher: University of Mohaghegh Ardabili © Author(s) FNC



mailto:a_eigder@ymail.com
https://doi.org/10.22098/mmws.2023.12672.1260

%% SE 90T oy g Gilde

I

YYAF-Yo£1 : K9 w01 bLs

Ewb-gdaw il dae

Tpdie (Slemsu she demme Flddlo (6 e dogllis al5,051 (Mol

ul))l ‘)lyal ‘L;o)’tml .)l)’l oKy ;)]9&] ..\>|3 ‘u] (swdibo g ra9l.€ °9)§ ‘)LDL.MJ]‘
Ol @S «8559US g 9 Lhigel «lindos ylojle ¢ 65yglisS wdine g (& ot e ¢ iSB) g (&)l owdine 09,5 )Ldlisl T

SR
Sopl @ d095 L 29 Gglana o Caghy el & G (3b) Cambss B 3950 o Ol SV g ol polie 4 Jalh glin gl olS 25Ty
3 adyy G &b Cashy el g S50 Jelse A 3935 e ol e oS cpl SS9 2o slaplil ) Sluogad o) e
4 b gl Ol pgw e 5 (o)l 590 (siludingg 4 Gl pdan by, I edlitl b s pl > U sl 13,08 (6ol Coat
slaodgioms 3 i ay Jalo 93y (S0 Cute) (Vb g (4 (i) (b gobaw jolatognds A5 wBly olS (] 3 (AS 5 (o5 3Sdes Sl
bl 590 WWRA Lo )3 @5 lis e )3 (55)5L8 (oo § (8 Sl o (Slasiod BUHS Jowo 13 00y 93 b jo g 5oy (b U 9
sl Jde ol €85 s (MBES-/+) (6391 g8 (slhas jlod clhio &S i (6l o0liinl 3590 (w5 ) e 45 3 L5 gols .cé,5 )15
g adyy Jsb 5 (59 Sl Ll s (s )lel 533 Sl cadls )5 (+/-SNRMSES-/1) Jle 300 15 adllas 390 liao &5 sty
Ol s (595 @) +4/0 8390 b g uillol 80> (I3l s (59, b 5 ) + /A Bgams b ()l y90 (il S alsm pll
b bl ol b Ol pgorte 2 4 Slao AL el s Bl s ke (ol izl gl bl 93 58 el Sl e b O (90 0
game > b awlS’ o]l S 3l yygu alie GRIBIL (g 35 )10,08 5 2V o (6ygese g Bpas (oy +F) = /Y B3ga0
Sy slEe i 4 obcwd caw gy dw kol H9d Coley 9 LA pgw doyd /Y Grane 4 Sl LS e sl jal )b S ojluwdige
Sl g0 5 (80 V) Gl (aye o 2 p)55kS V-Y) algn plsl gy ool YYIE) ady) Jobo eyt 2 p55kS V1Y) ad) 039

Dgdie (@perie 1 p )5k VIA)

J5arten ddny (g bl Glise 6350 @y )b 1 gIS (S0} 1g

gy lio goi

a_eigder@ymail.com : Sog Sl Cany «l3lSo Jgtune®

olS S 5 Ol pyges ko 5 ikl 59 (giluaing (VFY) (supoteme e Sl g gl (plalo gy el l55,05T o liu!
X0V (F)F B g of y o g (gl o gusb—paw (g5l Jre 5] edlil b Jals glis

DOI: 10.22098/mmws.2023.12672.1260

SEY/YINO 1yl o, APV oYV : ol )6 ATV YA 16,5550 o5 VYNV il ) &b

@ @@ VB amio F oyles F 0,90 VF oY Jlo (5B 5 of Cy o g g5l Jto
By © ko)) 3azes olKiily 1 yib



mailto:a_eigder@ymail.com
https://doi.org/10.22098/mmws.2023.12672.1260

VE G ) Oloxiio VE+F Jlo (£ 0,lowd £ 893 (S 9 O Cu o 5 5o e g paid /o) o g 315,57 £

Cal w2l odly g9y (g5 Sl g adlllas (Sl g Al e
y otelesl > St clayiie 5l il oS 5 i 9
(Aslan, 2007; KhasheiSiuki et al., 2017) 3405 w2,
(ol rasgemon; 5 gl (b9 Coenl 4 a5 L
5 Lled S edlaul Uzadi 3 iyliS pole > alisee ladses
Jolse (silwaigy 1y Koocheki et al. (2014) . s
5 0o ok b i 1y olS o515 5 ()bl O ke ¢y9 00
P eaSeyia Yeee g N0Be LS 3 p)SolS Fer g jao (VU
oaly P‘&ul I).K alﬁ ‘_glﬁ Byoyo yd &g \I B 9 Al 9 )m
(Oiar 355 £ SelST AV polde I edlaiwl &S oy i ol
G5 dpdiee 3Sles glp S A 4 (2hcawd
Gilwdips b, ;I edlazel L Mansouri et al. (2015) .5,
AV GBpae &5 widh i 5l olS o edlatwl dyge Jelse
G Slel o a0 AT elam 4y (955 395 p Sl
2 9o s e (S35l il g Wy lie (gjluain
wdl> pow  Jolse  (gilwaips Jahan et al. (2015) ol
s A VL s ol psbe b i )bl O 5 Sogeninl
9 0 g U 3 pSelS a5 e LS o )SokS VP
b aie (gooybw 0l 13 adllae 3550 1) T 5L doyd Voo
S adyS b o 0Skes slinl (S g 0Ses Gl G
Sl s oy g 4 b gy o8 o ol bl @b
Gpae gy JMae cpuss |y Jahan et al. (2016) lwy
Yoo g sho 3930 b it (o> g jiud ooy slasss
Y g o g WS 2 p)SekS Ver g jho LS 3 p SlS
oy SR oSk VEOIF G pume b S 3l Lt USa 4o
LN & Ol (o3 395 (F WY g jaud pSelS Ve
Mansouri ¢y oo bl Cand galail Jis l paS 5 Slas
boodsa |y bl ol 5 o3y 55 Jels etal. (2021)
Weee g )8 )3 pSolS V¥ g o (Vb g ol zobaw
oo AByusz 3 Slee giludige lp S ) ceSeyie
WY e 3,5 Sygo o a5 b ol by @ls 68
Sl e > caSayio VoYY 5 e 3 (55t pSokS
wolps e candn By > Sles p e (sl
5 Oiorw 3¢5 Buas jlwawy Goodarzi et al. (2021)
5 ol 29 b Cuipay zliawl olS 0 @) g9y Uy Aol
Pl yo il N 5 ¥ 5 LS )3 p)SekS ¥ev g o (VL
2SS WA Jlie 58,5 155 3 L oS sl ot gl
3y > Ly o Gl yia Bl Can Aol 5 gy 395 LS
ool Coleg ) .28l cusd (golaidl domi oy 4 (0

dodko — )
2ol s g 3 ol o (55l pise )3 o g8
piY & ol gl )9dS 0 IS (Bl gy o]
Sge j) osliul sl lols o b o)Sile el sl
Jusis Sl L ablie glagtg, 1 (S plpiedr O3y
5wl boolse ol gy sleday plalS 5 o A5
25 ) bl 590 b )l Ol plise Wlgie O ()l
Ol cuis gy o Jarlyd > jogad e gadge cnl nd
oslizwl (Mentha piperita) Jals gl asle (55,1 b (o9 )l
s oS 80 i i £ Mo (5 s Conl 395
ol Gls 4 0B s (claady, )dle Jdsa 5 cul wlus
Lol ) sbye byld polts (b Coms S los!
Capuzzo and) 3¢5 e ol 1y LialS cow 5 olS ol Ay
ool ksl age balys kel oplply (Maffei, 2016
oeilol 203 5 alsa pluil cady; Jlsle dewg ol Cugb,
Glp daaie o ilejl pbul cwl casnl bl
ool Jly A g CBg Spo Wil pre cnl 4 phcwd
9 Siloded oo | oslatul (JStie (pl &) sl ccnlple
(Ebrahimipak et al., 2019) cusl s slpisdin (sjlodige
Silwizte Slp @ 9 28R sl Slagdyy I S
ol Sl Fulmgdaw e | pSope wilie Jolge
Jhe Sl gl dodomy Sl )bl e s Jae
Zulkali et) x5 o odlizul (gjlodingy (sl opslaianin s i
S olesas oSJ «(al., 2006; Kalavathy et al., 2009
sloany &8 39y 0 Jlody (Gilodinge (slp cunlie (sla)3
Aslan, ) cul a3 15 oslatwl 5y90 alisee pole > L8
3 isbie ey L) (Jae ol 4(2007; Kwak, 2005
ol 5 2y seedls Wl iz a5 dgd e &) ajles
ool Jao o elp il it e S 48 ) S
sl (> g5 0 Sl layles 5 edel Candts S5 o8 b
290050 S g Y5 2)90 Jiuwa (sl yiie (gl g
Vg 505 95 B b dieS iy 4 diwuly (b yuxio oS
4 45 L (Montgomery, 2001; Kalavathy et al., 2009)
015 3wl o] (gl iliSee (gladegazeon (Jho cpl (53508
Tk dgpse Jaday gl Jl (Ko 50 e b &
Ad zykee Boxand Wilson (1951) bwgs lanl (55800 aipe
Boxand ) ui gMol glus Jlel b o Jlo i Jg
P Aip g oloj il (ybsy pl el ua (Hunter, 1957
2ol BlaShy & 2y b Jy op aBall g b
)5 )1 oslital 2)50 55 (55,3lS A 5> B (gla s
sicds Baes bs, oyl (KhasheiSiuki etal., 2017) el
Jaday g oy aile ilofl lagil ol iSolr
Ol ) g ajles Sl (550 @ b 95000



w3 pgw Il g (65 ll 593 (g 5lwainge

Sl (SBIB s S35 20) 99 5 o i) (oygulsST
4ty boohbil Glpl @y s @S b s bl
2P pgw | padtie pilis wid plyie (Sjg sy
b s oolazwl Jals clis olS Adyy drwgs Bdgizee p3 lAlS
Aoyl il 5 aan 93 5l g LS (g wles 4 4oy
2 2 Gkl e oy 4 0 Jlael )l 193 slojles
=hj Sl 1 b Cagby 398 line el sl g0
2 Casby e lel o 5l B gslaternty A e
Jae 5 5 PMS 714 riasctaghs, olSid j) oolizl | Juls
ojloss Jloc) 51 U olStwd ol s s ol (bl
dy90 SB Slasuie dg odd  Suwly ol e )

ol 04 03l L5 Y ol 50 eolau!

e e (lp (olie Cublb Gulmgdaw by, c@lie 9y
oy b Jcul ally (98T (gjpliS Jise > Jelse e
3 il gl olS sl O g Bpae (giluding jslaiod;
o) oy is eSh &Syl 4y dn gl b g oolatw] Wlev o
Srae silodisg jglateds 3uo5 () al 0ails pldl gg090
e pbews @y el iz glroygd ;5 b ygu

b pll (2913 olS (l (AS g (oS Clao il ke

W yigy 9 g0 —Y
b Sligios B e 3 WAA o >yl e

25 plbsl 25 led 32 (59l podige g (B Slasiod
sokaiecpy (Sepehri et al., 2021a; Sepehri et al., 2021b)

Al g 3l pdaw dw g (G9y 025 5 Sk 93) olel ygd 4w

03wl D90 S’ u?.l'!:'%""’ 9 ‘;\m.e ul.n.\pgaab d&ﬁ—\ Jg-\?
Table 1- Some physical and chemical properties of the soil used

Lmo9§l§ o> Lmoyj x> pH EC PWP FC o) A_«-.L.w u“’ Sl il

(3 Vs Slde) (39 oY Slle) - (o omerie) (G ser)  (Ginser)  (bep)  (kep)  (sep) )
22.3 19.4 7.01 2.20 9.70 20.6 29.3 44.6 25.9 Py

Y =a; + ayx; + azxy; + ayx;? () (V) dlaly Bollas o pxionin b < yguods guwly pdaw i,

+ asx,? + agx;x;
5 o5 Chogad Jold dily pite Y (395 by
X2 g 5l 59> Jituo yito X calal) s @ gl S
5 Jbo (g bline «oles 53 sl Ol pow Jlide Jdtus yuiie
5 b)) ysbaiedy S astie Waed Bilp jd o] cds
obyly Jdog 5l el canday Jao (gylel (g)bline 0]
5 0dlitw]  Seme S

o (glo e (2Blg jlale 5 sl pd 05 Y Jgu
Table 2-Code of coefficients and actual value of independent

variables
Uinlejl lude olps S
(10)3) 3l e 51080 (j9) Solal 593 (12)3) Ol jygus JlaGe (55)) 55l s

0 6 -1 -1
2 4 +1 0
1 4 0

0 4 -1 0
2 2 +1 +1
1 4 0 0
1 4 0 0
1 2 0 1
1 6 0 0
0 2 -1 +1
2 6 +1 1
1 2 0 0

Slaye (1:Ske Hlo byl 1 Jio S byl sl

(NRMSE) s Jboy Slaye xSke Hds (RMSE) s
38y asls (EF) Jao o5 (MBE) o)l sls S5ke
10 odlazl Vo B0 (claalaly b illas (R?) s co s 4 (d)

e =j@ o)

(Kalavathy et al., 2009) 395 o0 <8 =5
y = f(x1, Xz, e, X) ()

5 Sl s it X 5 sl it Yl oo 53
h9) (ol sl (63 ye @ye b Gl o ) Ely
NEN SIS IERENCRY NERE PSRRI
Ol 3 29 e Ca S 00D (Sl Al e (e S
B e A ety Jdse gge xSile b
«whsy ol o (Kalavathy et al., 2009) 54 0 8,5
O 5 S e 9 jho (S St dlisl b bl glolog
(oYL Baad Ll s dy &S Lgd e 03 isled sslg
O Slp s JBe e ghaw cpoml 9 0650ke
D9 o odlatwl yj dlaly jl laylay Sl
2K + 2k +r (v)

ST ol g Lalesl 390 Jelgs dlas K YU alail, 5
9 s gy Gasd pl 0 (cplpls (Aslan, 2007) cuwl
(¥) Aoy @ypots (2l slalass slass o plosl il
Joia > Jelge 5l oS 5o jlado 5 culpd 05 398 0 e
Gl 04 031y L5 (V)
22+2x2+3=11 (¥)

093l b opitediz (ige)S) 1 el S5l cae
29 Oy eeles om Jlite Sl 93 e ((Jad Moo
8,5 )18 bl 0590 Sy peibily Jlod el

S5 4 (Gge)S) Jae 53 ool 3)90 (lalersix dal,
{(Aslan, 2007) cul 4



VE G ) Oloxiio VE+F Jlo (£ 0,lowd £ 893 (S 9 O Cu o 5 5o e g paid /o) o g 315,57 1

ol g &S Slas o) dgmg oud (gilwand 5 Slwlise
@dyy Job o) ()jg Jold 28)S )15 adlllas 3)50 (BudoS
Sl e 9 ool Sy s el plul gy i)
loolaiwl b olea pliil o Sy ity (159 Olas o Canl
S ) kil b oS gl 5 Ay Job s 5 5
V1S bl o8t | adiges il gl Sl (gly s ploc]
&S 1 s (VY) dlaly 5l ooliul b Of (s )90 0 b5 o3l
380ee Y (caSayio y pSokS) Ol (syg00e WP o] o
sl (axSo8) (3l o Jato W g (p S 5kiS) Jpuamo

Y
wp = (OY)
oy g b Y
bodls colsS casl p3Y Fuul—maw Jio ol 51 LS
Ot @l (85 s )3 b cul slatecnds D9 oy
s 3590 Slao gy T oy ozl M 55 5jl ks
s B3gaze pd Slas (pl polie a8 ol lis guls Wb el
2l e p)Y colds 51 s gren & iy S5 (55l
polie wluly 35 edls (SusTy (v USKE) ogr lyed
O ol L9y a5 ol Ui s g b e o33l
bl 399 dalllas dy90 Clio (glodly ssilo BL  SuiSly,
dallae 3y50 Glao ydlie ol odld o il coplply
5 oolitul doed > s JEwe Lialoll balyd 4 cuus
ol Bledly sl Jo eln] el ol
glss ol &y (sl psie (sl (Som)S) bl il s
as ol )l guls cpl ol onds odls ioled (V) Jodo jo Jals
o gy Jloinl gdaw 3 O gy sl Sy Sy Je
o 3 adlas 350 Slio o ly g (P-value<0.05)
dgr sboline (gylal i ) (P-value<0.01) aoyy o Jloss!
Slao gly bid pe> d2)> Gow)S) 329 cul b (Y Js2)
5 bl Loy alen plul Gy adyy sk ada)
§ Slio plo gmS) 292 line ()lel 5 5l Ol ()90 00
Eolmgdaw Jae | ol cnlpb D55 jblee gLl L
blize )8 eslaiwl Glaw (pl (gilwdigy 5 Gwoie sl
gl o)y Julow 45 o s il pas el (080
@ Olyie g col wils ulyly Lo 4 s g)blise
Mansouri et al. lawg wlie gols 5,8 sleael bgy opl gobs
Giliseo ppolio usyp b s ) a0 3155 (2021)
Cglis & 038 )l adyatiz oS 08 5 ylel O
Sy S Sy Jhe g by B @l (bl

I Celevenger
2 Normal probability plot
3 Fitted value

Dz, (P — 0;)?

NRMSE = —Un (%)

MBE = w (V)
n . — 0.)2

EF =1— L=1(PI. Ol) (A)

Y74 (0; — 0)?
1 (P, — 0;)?
(P +10:)?
_ G =Py, -0)’ o)

Y(P; - P_)Z X(0; - 0_)2
)‘.35.0 Oi i d)'l..»d%.»i} )b.ip Pi ‘L».I” Q.J.‘ 5
Sk Owords (gilwand palio 1Slbe Paodds (g,50jll

d=1-

RZ

dhao)l,oi ol odly i plp N g oddd (6500l polis
Jde s g b s <lp <wiya NRMSE 3 RMSE
Yoo & 4> yb g 03¢ Cute o)lgen RMSE 3,ll jlude .ol
bl el /Y Gl 5SS polie ol e wil 5o
polde cpinen Cwl Jao Jle cdy saaslis NRMSE
Y5l Gt g Y=Y NI laoil s oyll )
8 bl .l G 5 luwgle wogs By Buad LS o ey
Jb ol @oslueS 5 oslnote Ll ¢l MBE
e a5 Cowl ) baiadylis MBE 8)lol cute lade .ol
e g ol 00d 35l yy (oaBly Sl 51 5ty 00 (53lodends
d g EFslao)lal ol .canl o3y canddy (65cSss8 sae
S a e yn oyl g ol el Jao o) saiadLis
Je @08 sy lis R? 35l ool yigp aiil 5oy
opl ol Blg Jlade )3 sl gz g @l pss (ilwans (¢l
FSPF Sy 4y 2 g WS gt S U i Sl o)Ll
O OomySy ool Canlodly jing bl odiad slis adl
4 o b b ol duolie g osd (gjlwand o Shialie polie
dSgpcn sleddy bse (oxijlisl lagty) I (S S
S b ply eew)Sy ks i (51 (Nassiri et al., 2006)
@l ©yge cnl 2 Dgdie Glate S 4 Sy s 2l
P Jle g s ply Jlalie polis b oodd (gilwansd
ol b «ygo cpl e j0 Gl Al o5 B> (gjlwdnni
alS Jae B Ko & o b5 ) gy LS 58
toseil 5 5 daly 5l ggme)S) b o)l (sl g
2 odlatwl
Predicted = a + (b X Observed) (")
bEL 5 (Ho) o o2 et D=1 el ool 5o
Sly 28,5 38 s ae t el o (Hi) S (258 lsisa:
5 (Ho) yoo 1558 (lyiear a0 b 95 e | 250 (2L)]
2 &ly b ass e s (Hy) So 0658 plysa a70



w3 pgw Il g (65 ll 593 (g 5lwainge

23,5 45l dalllas 350 Sliwo Silwaigy I 1y Fb—adaw Jdo 3l ooltnl 30 liv] .cudly
WR Versus Fits WR Normal Probability Plot
0.2 3
-
L ]
0.1 0
= E
L ]
T% 0.0 L] = E 50
[ . ]
-0.1 L ] &
10
S .
04 be 08 Lo L2 0.2 0.1 0.0 0.1 0.2
Fitted Value Decideeal
LR Versus Fits LR Normal Probability Plot
i sl
»
5 20
= E
£ 0 s 0 - g o
] g
® . &
. 10
-4 . 1
0 2 o -5.0 -2.5 0.0 2.5 5.0
Fitted Value Residual
H Versus Fits H Normal Probability Plot
50w . s
2.5 . 50
=" -
El - =
TE 0.0 ] i - E LT ]
& 25 . . a
10
5.0
: 1
20 0 40 50 50 <25 00 2.5 5.0
Fitted Value Residual
w Versus Fits w Normal Probability Plot
»
o1 50
_l‘ -
2 . £
2 oo - = - £ =
[ [
- - - %
01 R 10
. 1
0.2 0.4 0.6 0.8 1.0 0.2 0.1 0.0 0.1 0.2
Fitted Value Residual
L Versus Fits L Normal Probability Plot
00— £l
-
- 50
5 * z
3 0 i S w
H . . E
B .
= 10
-100 . i
W0 300 400 50D 60D o -50 0 = 100
Fitted Value Residual

059 B LS o L g W iH (LR WR g ys) andllas 3 )90 lio (gl Wodld (il yly 3390 Coli g Jlo b (owypr =) S

(o S 32 (159 9 (219 I (339 (B el ) Jgb caddy,
Figure 1- Checking the normality and stability of data variance for the studied traits (the letters WR, LR, H, W, and L indicate root
weight, root length, height, shoot weight, and leaf weight, respectively)



VE G ) Oloxiio VE+F Jlo (£ 0,lowd £ 893 (S 9 O Cu o 5 5o e g paid /o) o g 315,57

E Versus Fits
0.2
[ ]
_ ol
L]
3 . « * .
s 00 .
-]
-
-0.1
. ®
1.0 1.5 20
Fitted Value
WP Versus Fits
0.50 .
[ ]
_ 0I5
L] [ ]
:E 0.00 > [ ] Y
]
& _pag *
[ ]
-0.501
1.5 20 2.5 3.0
Fitted Value

E Normal Probability Plot
%
%0
£
g o
S
- N
10
1
-0.2 -0.1 0.0 0.1 0.2
Residual
wp Normal Probability Plot
S
o0
£
g 5o
H
o
10
1
050 -025  0.00 035 050
Recidual

9 ol 2o 13 BB LS i A WP o E Bgyn) andllae 5590 Cliuo (5150 o3I pili,lg (3390 Cull g Jloyd (ow gy =Y S Aol

(i T (5590 e
Continuation of Figure 1- Checking the normality and stability of data variance for the studied traits (the letters E and WP indicate
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Table 3- The results of regression variance analysis for dependent variables of the peppermint plant
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Figure 2- The observed and predicted data of the studied traits and the comparison of the 1:1 line (continuous) with the fitted
regression between the observed and predicted data (dashed line) (the letters WR, LR, W, E, and WP indicate the weighted root,
root length, shoot weight, essential oil and water productivity, respectively)
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Table 6- The results of the t-test for comparing the slope and width from the origin of the 1:1 line with the fitted regression equation
between the observed and predicted data (simulated = a + b x observed)
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