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3- Radial basis function

6- Nonlinear regression

9- Ordinary least squares regression
12- Variance account factor

1 5- Relative percent difference

1- Artificial neural network

4- Adaptive neuro fuzzy inference system
7- Logarithmic regression

10- Principal component regression

13- Mean absolute percentage error

16- Bayesian information criteria

17- Akaike information criterion

2- Multilayer perceptron

5- Nonparametric regression

8- Partial least squares regression
11- Coefficient of determination
14- Root mean square error


http://dx.doi.org/10.29252/jcb.11.32.59
http://jcb.sanru.ac.ir/article-1-1046-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.32.59 ]

14

P Spgas g 0o o dep S ghe GG
(e Ao (1S 45 A5 01> (6)55 S5 golaw plad
sl 03 oy uienjowd VID (5)98 gaw 4 by
daw 5 Job om GPmenE 5 oml (Staren (pioen
Cubly 3929 yio p puionj s O 9 VIB (5)9 gslaw 1> Sy
() Jsa)

Caat dls 93y y3 a0y L Cawlas LT ls
9 039 Yk Sy Job & Cund Sy gdaw 55y Sy 20
Copd G5 (o dl>po 10 Sy 20 Cumal Glise (izmen
e Rl BIL (Y JS8) ol 039y yidin (35 oo 1500 &
9 0Bl c 54 Sy b g 1oye el lie ()9 A
G Sy e g9y Jsb cueal ol bl 138
039; yidiy (AT olaws ;500 &) Cannd ylo e o3 VIO
9 Job o e gl Clas ol &ly > () JS8) e
ol Slash Sy omaw ggy JoSo SISl Sy oye
gaw 2 Sy ooy S e S QRIEL & )50
iy 2gd o0 S0y Sy sk Sy erd anls Sy
(50)5 My g e olS A3 (6l cuslie Cugh) dy o
Aladys Gl p Jdoomead g cul oad Sy
ORIy byt Cladali Juln Clo corge oS adlS
S 808 S () ohBes 5 Lea oede fug
b plresl olS S yo)e 9 Jsb o (Vb (Siaen
ol 4l 2929 Sy pdaw

oL mWwW

1 s | ——
2 5 —
“ E
3
T | —
bE
a g
K -
g I g g g g g J
;: 0.700 0.750 0.800 0.850 0.900 0.950 1.000
Correlation

WA (lise; IYY oyloss /o233l Jlo /Jcb)‘ oLlS Mol doliingl

Var (P(si)—M(si)
Var (M(si)

(Equation 1) VAF =11 - 1% 100

(Equation2) RMSE = |{HLED-MEO,

1[M(si)— —P(si)]?
Z? 1[M(Sl) A(s)]?
Ai— PL|

2”|

(Equation 3) R2=1 -
(Equation 4) MAPE = x 100

(Equation 5) BIC = (n) Iog (SSE/n) + (K) log (n)
(Equation 6) AIC = (n) log (SSE/n) +2p

(Equation 6) RPD =

RMSEp
S oy 9 Job b

Sy oo 3 Jib Jol by 85 3 ol ls

P Sy ghe b aep S gaw p gbine (Siaren
A odnliie Cpl pogMe .l aily (g)9d LT zolaw (ole
b 4 s Sy s b Sy e (Sisad e oS
9 Jsb om (Swer e (i ol 039 Juin Sy
e jed VIB (598 g )3 i Sy daw b 50
0 (SNiumod pgd Cubdld y pd Lol Ll osnlie wall g 4o y

B oL mw
3 —
‘13 5 ns "
32
—_— D
2,
b 2 —
0'? ‘l?’)
wn **
x 0 — o
3 I t t t t |
0.000 0.200 0.400 0.600 0.800 1.000
M
Correlation

(B) o> by 5 (A) Jgl cudlon 5 (695 G5 o Sy o o b Sy (o 5 Jsb Slio ot (Siowad iy -V JS3

Joyd \ 9() leclaw)é)bw‘)bw)&wlp 4)**5*;n3 MLS):L)@)LSJ# bMJuwa); daW LW
Figure 1. Correlation coefficient between length and width traits of leaf with leaf area under salt stress condltlon in first
harvest (A) and second harvest (B). L and W related to length and width of leaf, respectively. Ns, * and **: are
non-significant and significant at 5 and 1% probability levels, respectively.


http://dx.doi.org/10.29252/jcb.11.32.59
http://jcb.sanru.ac.ir/article-1-1046-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.32.59 ]

141

A

mwW
0.8
[<5)
=)
< 3‘ 0.6
>N
§ 7§ 0.4
3 39 02
E
0
0 2.5 5 7.5

Salt stress levels (dS/m)
(30 2 uion 3 ud) (5 ygo S T ghanw

B W

0.8
a, 0.6
é‘
= 04
3 0.2 H
0
0 2.5 5 7.5

Salt stress levels (dS/m)
(0 52 wkon 3 wd) (& y9o0 (S T gbanw

Importance value

_ (B) pg> el g (A) Jol cdldy > (5,9 (i ot Sy (y2ye g Jobo lio 4 bgpye Gl 3T ol =Y JSUs
Figure 2. The results of sensitivity analysis related to length and width traits under salt stress conditions in first harvest

(A) and second harvest (B)

28 e g Sy e g o Jib padld aw
)90 dh%;] &S ‘_5)9]045 Sloads LS'\:"."?)'? 0 yuxilo s>
V/a 9 I ‘Y/a Wl 6)9»; C9sz 9 J9‘ &31.));. JLl dxlllas
Ca.f}].)).g 29 09)§\c 9\" A 0 Cd YA e p e j owd
(¥ JS5) loks (SSi5 o ) Ii3e0 09,5 F 9 F o ¥ 45 pgd

PS50
oald L Y Jado 0 Loy sl ,lol 4 basye zuls
dyg0 iz SbcisS] om wolle g5l (Sl oS uS
L_?)Ja.b»9j);uo)s‘$ﬁJ9JouLmou»Lu]ﬁdlehn

oolizl b gl g obS ST VA Lislojl ol 5 il o

&l.uu w5§| YA )0 adllao .))90 alisee Slaws L Jo}:).o u.ﬂ.uo}: dLmb)Lo’l -\ Ja,\>
Table 1. Descriptive statistics related to different traits studied in 18 mint ecotypes

Jol el pgd Cubldy
Lo rrioimd) ot 5 e R e S i oS e dld

ols Syoee  MOW Y00 YooY ) VSOA fIoYA YISIA sy
Sy J9Io AYRAYA ¥/0Y- Y/SVE AR Y/-vo ¥/OVA Y/VYY <[¥¥Y

Lj)g Cla.w AATZN VE/YEA a/ay - Y/VO- ¥/a+A VF/AqA a/AdY YIVYY

Y/o Lj)g U VR Y/a-y AARYZ NAGRYA VIEED ¥/a-0 YIVSA <IYYY
&){ J5b YIVYD INAYZA ¥/ <IYEA Y\ O/ +aA ¥AVY <Yy

Lj)g Cla.w /Yy Vo/YY- Y/O¥¥ VAYA ¥IvY- VF/VEA N-Y§ YIYYY

5 Syoee  MEYS YAYS VASA -f¥ay VEAS Y- Y/SO- -IAR
Sy J9Io YIVEA ¥/A0A ¥/ A NAZYN Y/ N0 ¥/5¥ - Y/ana LJavs

S).g Cja.u) VAR /5 dIVY- \Va i Y/oY - VF/YEA £aya Y/s.Y

A7 S).g uosE VY. YISYD V/OAA NAYSY AR Y/avs \/EAY </¥ay
Sydsk  VIVEY REY YO o5y VIEY OFFEE YveR - [oby

A_f)g Cja.w V/EVD YISYA YIS \Vaats VAYD A/0V¥ ¥/\A VYYD

S 55 5l ol gl 505 g 5 8,5 )3 (E13
phSaybs ploda )0 ol coge (b LT &S ab ol

2 pekerjowd VIO o (5ysd 5 )0 &5 (ggbody 35
Gl cwy 4 nbio ogS 4w » bowgsl

caby j0 &8 o s medlS 40l e s

2 A 6y RS g bl ) ea3sS] Cunsg (Jl
G2 (E18, E10, E6, E7, E9, ES, E2, E3) GI 05,5 4w
E12, E4, E14, E16, E11, E17, E15, E8, ) G3 4 (El)


http://dx.doi.org/10.29252/jcb.11.32.59
http://jcb.sanru.ac.ir/article-1-1046-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.32.59 ]

sy

E13,)G4 (E15, ES, E1, E5)G3 (E14, E16, E4, E11
JS5) ol 43,8 &9 (E10, E17, E6, E7, E9, E2, E3
.(v
s 1 dels slhogS o 5Ske amlie mls
gaw 9 02y (Job yle (il & a3 e Gl LS
@ oezen (f JS5) sile Gl 095 4 bgrpe Sy
Obis S e il Jols laog)S o (ke dulie
byl plad )0 g cuiby g0 o 40 E18 CuisSl &5 s o
J58) €855 )18 Gl 0g)S )3 (6598 5 pis 9 (5y9d 5
Ol i oot ()b AT 4 Camd xS g (¥
P hls 4 cwns 50 Gbcwis] Jy e
» oSt 5l phS e S e J1E e glaog S
2l g st il 598 5 ) ool slackil
My ) Sy ogaw g 2 b sbuadls «yes o
E7 g E6 slacaioS] a8 a0 Hlaiay ol cudily 50 ailed
g0 b g Mdlie lus Hlae )9d LI 4 S
DS D jio y eierjeed V& VIO Gl ()98 i
Sy g g ooy (Jsb Ll Cage o5 Wb S )1)3 09,5
» E3 5 B2 B9 lacwisSl pey by jo sleads
& gl Canlus Sl oL o wzils )5 098 o ihued
9 i85 Jlosl b oS cunl S5 B adl e ()98 5
Wbl il bewssT ol 3 S v 5 25 Job e

Gl

WA (lise; IYY o)los /I’V’z"))b Jw /Jcb)‘ oLlS Mol doliingl

E15, E9, E3, ) G3 4 (E16, E4) G2 (E18, E10, E13)
)8 (E17, ES, E12, El, E8, El14, E2, E11, E6, E7
Fo p prierjed B (6)9d gaw > @S (izzen MBS
G3 (El4, El1, E12, E4, E16) G2 (E18) Gl iy«
E8, E15, El, E5, E17, )G4 4 (E13, E2, E9, E3, E10)
ouinzjed VIB) (698 (15 g (BT )3 591 (6, ET
E12, ) G2 (EIBJG] ity loiss] 52055 jin
E3,) G4 (EI5, ES, El, E5) G3 (E4, El1, E14, E16
Cundg bl . cwl 03 (E7, E2, E6, E9, E13, E10, E17
Jol cuiby & Cumd pgd Cudby 0 og)S o gy
Gl (aals) a5 on bulyd ) &5 (spsboay 0dg glite
G3 (E1) G2 (EI8, E6, E3, E10, E7, E9, E2 ,ES)
w4 (E12, E4, E14, El6, E17, E11, E8, E13, E15)
VIO (6y5h i pdaw jd yiwMS gl cpl pogMe .ol 024
Gl (slrog,S o acaisSl a8 ol lis je ke owd
E12, E14, E16, E5, E6, E7, E1, ) G3 (E4) G2 (EI8)
(E2, E3, E9, E11, E17, E13, E15) G5 (E10) G4 (E8
Oierjsd O gaw ()98 LIS 3 S0d Bk jlaid S 1,8
S gt ul 0dd i ey (Gahog)S e p
E15,) G2 (E18) G1 (slacg)S 1 adlllas 350 (slacuisS]
E14, E16, E9, ) G4 (E11, E4, E12) G3 (E13, E17
o5 5,05 a3 5 1,8 (E2, E3, E10, E6, E7, ES, E1, E8
VIO o (gygus (iis > aS ol Lo jwMS 5ol ol
E12, ) G2 (E18) Gl ity (shizog)S 1 Lyoiarjosmd


http://dx.doi.org/10.29252/jcb.11.32.59
http://jcb.sanru.ac.ir/article-1-1046-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.32.59 ]

Dissimilarity

Dissimilarity

4.5

35

2.5

15

0.5

El4
E16
El1

Dissimilarity
N

E17
E15
E8
E13
E18
E10

E13
E4
E16
E15
E9
E3
E17

o
—
w

E15

Dissimilarity

0~ © o~ © o <
w = wuw — -
a o ow Y

[(Js) 8l 50 32 ionpd VI0) D o g
harvest), D (7.5 dS/m+first harvest)]

E5
E12
El
E8
E14
E2
El1
E6
E7

Cadild yrt o g (guaia j w3 O) C o Jgl cadloyrt o 1 uionj gwd V/0) B Jgl cassls prt-aalis) A]’.HJ 9 Jol clocslyy jd (gy0 i calides golaw 3 g &350 &y by ye guli -V S5

Figure 3. The results of cluster analysis under different salt stress levels in first and second harvest. [A (Control+first harvest), B (2.5 dS/m+first harvest), C (5 dS/m+first

A

Ko 063 6 peoi® oo K o0 o€ | b oncy


http://dx.doi.org/10.29252/jcb.11.32.59
http://jcb.sanru.ac.ir/article-1-1046-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.32.59 ]

E F
5 - 8
7 l—
4 1 6
> z G1
£ = 5
g 31 S
: E ¢
= 7
@ 2 @ 3
2 a
a 2 k-t-
1 1
o0 4 0
O T NS OO~ 0O NMO N~ ML
0 © MO MNODNIW A NS T © N~ 0 M W0 S W 0— - A 0 WWWW > WWw W~ S <
— — i = — -
oW s ww o w s s  wom o L wowow L w o owow
H
G
7T
10
9 6 +
8
> 7 .*?5
56 & 41 Gl
S E
E S 7 3+
2 4 2 G2
o 3 2T G3
2 1 === =
; M M=
0 r 0
O WM~ AT NT O DNMO ©N I A © NI YgFdy oI HyLNSRN®

0) G (pg> Cabldptyio p (uiegjwdV/0) F pgd cusbptanls) E] oo o Jol slacusby o (6ye8 i ilise pobw 0 S ajps & by mb -F S5

_ _ _ g cetboprtsie pr uion w3 VIOV H g (pgd cudldprt oy (utonj o>
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Table 2. Results related to estimation of leaf area for different mint ecotypes using different regression models

Tk
Jse o pod cudby Jol il
(ds/m)
PLS . LA = -10.179+2.819*W+2.658*L LA = -9.838+2.7745*W+2.61 1*L
v/o LA = -7.293+3.366*W-+1.586*L LA = -6.997+3.320%W+1.543*L
) LA = -5.615+2.93 1 *W+1.405*L LA = -5.349+2.883*W+1.362*L
0 LA = -3.924+2 378*W+1.221*L LA = -3.702+2.33 1*W+1.176*L
PCR . LA = -10.179+2.819*W+2.658*L LA = -9.838+2.7745*W+2.61 1*L
Yo LA = -7.293+3.366*W+1.586*L LA = -6.997+3.320%*W-+1.543*L
) LA = -5.615+2.931*W+1.405*L LA = -5.349+2 883*W-+1.362*L
vid LA = -3.924+2 378*W-+1.221*L LA = -3.702+2.33 1*W+1.176*L
oLs . LA = -10.179+2.819*W+2.658*L LA = -9.838+2.7745*W+2.61 1%L
¥/o LA = -7.293+3.366*W-+1.586*L LA = -6.997+3.320*W-+1.543*L
) LA = -5.615+2.93 1 *W+1.405*L LA = -5.349+2 883*W+1.362*L
0 LA = -3.924+2 378*W+1.221*L LA = -3.702+2.33 1*W+1.176*L
reldrlgsggn . LA = -10.179+2.819*W+2.658*L LA = -9.838+2.7745*W+2.611*L
¥/o LA = -7.293+3.366*W-+1.586*L LA = -6.997+3.320*W-+1.543*L
) LA = -5.615+2.93 1 *W+1.405*L LA = -5.349+2 883*W+1.362*L
vid LA = -3.924+2 378*W-+1.221*L LA = -3.702+2.33 1*W+1.176*L
rLe%gr_elslgieoar: : LA = exp(0.259+0.319%W+0.223*L) LA = exp(0.225+0.325*W+0.2263*L)
¥/o LA = exp(0.069+0.418*W+0.213*L) LA = exp(0.002+0.429*W+0.216*L)
) LA = exp(-0.146+0.460%W+0.238*L) LA = exp(-0.195+0.475*W+0.242*L)
vid LA = exp(-0.518+0.538*W+0.291*L) LA = exp(-0.576+0.558*W+0.296*L)
r’:g;‘;g’;fgﬁ . LA = -2.950+2.241%W-0.692*L+0.086*WA2+0.435%L"2 LA = -2.783+2.203*W-0.718*L+0.086*WA2+0.440*L"2
¥/o LA = -2.401+1.195%*W+0.515%L+0.463*WA2+0.116*L"2 LA = -2.196+1.149*W+0.467*L+0.475%WA2+0.118*LA2
) LA = -2.273+1.01 1*W+0.704*L+0.451*WA2+0.086*L"2 LA = -2.159+1.028*W-+0.661*L+0.449%WA2-+0.088*L"2
vid LA = -0.508+1.277*W-0.317*L+0.300*WA2+0.23 1 *L"2 LA = -0.470+1.269%W-0.320*L+0.300*WA2+0.229*L"2
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Table 3. Performance indices (RPD, AIC, BIC, RMSE, VAF, MAPE and R2) for models in first harvest

OIM slaasle
e \ s PLS PCR oLs LR Log R NLR NP R MLP RBF ANFIS
(ds/m)
0 R2 -[aAS -[AAS -[AAS -[aAS -/ava <[AAA -/aa- [AAA -[av) .23
VAF Qa/0¥F Qa/0¥F aa/ayy  aa/aff ay/-y- QA Q8/AFD A8/SYA AASAY Qa/AsS
MAPE LAY AR YIVES AR £/ /a0 YIV-Y YIVEY F/EY Y/0Na
RMSE NNas NNas -Iyay -I¥¥Y <IAY- -IV¥Y -I¥YD N -I5Y0 ¥y
RPD MA¥Q MA¥Q NSVY AA¥Q YIAY- WA YSYY aALs FIASY VO/YYY
AlC VAAIYSD  NAAYSD YAANAE VAANSD  Y-YAYS  NA//AYS  Veo/FY. VAUVAS VAS/VAY  Y-\/YOY
BIC YoAAY  YeASAY  YeASNY O YSALAY  YAWSRY YSR/SEY VVS/YFA YLANNY YLS/SN0 YWWSR
Y/0 R2 -[AAY < /AAY -[AAY -[aAY -/~ -1AAD -[AAA - [AA¥ a5 -[aA
VAF Qa/5VY Qa/¥EY Qa/s.h q9/s\ AV QUAYY  a3/aF. aa/¥FY aq/-AY aa/ard
MAPE YIvYS YIA-D YIVE- YIvOv YIVVY YIvay Y/EE Y/AD- Y/ayy YIvs-
RMSE -1\aA -I¥¥D N ¥ -\AY Y Y- Ss¥ MR -f-ay
RPD a/ay- AYD- UVIE AUAYA V-5 WAES  RAYY  WVRAY a/Aad YA/¥E-
AlC WY/B-2  AVY/AYE AWYEYS  AYYEVY AYS/YVA OYY/ARD WYAVYS WYYV WZWAAYD  \Ya/RNA
BIC WWYAYY  AYVARY  AYV/YAY  AFYAYRE  AYS/S\Y ATY/SSY  AYO/00F  WWYAY Wa/sAY \Yavs
) R2 -/aA- -[aA- -[aA- -/ava -/3AY -[aAS -/a3) “[AYA -[as¥ ./aay
VAF Qa/ys¥ Qa/ysY QAVEY  AAASE Qa/0vF QALY Q3/ASA AAADY  AAFFY Q3/AAY
MAPE YIEVA YIAVY YIAVY YIVEA v/s¥a v/-a0 YIvO8 YIYf £/¥AD YiovY
RMSE -Ivo8 AT AT -I¥aA I\ ¥y o[-$A -/vaa I¥AY -[-0v
RPD viY.s YIYYY YIYYY £IY00 Q/ysy WAEEY  YANAS SN0 F/AY v5/aay
AlC WEV-Y O ONYAA- NY/AAL WER AYAAYY  NYARSA VDAAES VLYY W0 \Y-/)00
BIC WY/BNA AYY/VAY  AVYVAY  AYFAYS AYONYA  OYY/AAY  VAIVEY  AYLIVFA AYE/YSA \YA/AVY
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Continue of Table 3. Performance indices (RPD, AIC, BIC, RMSE, VAF, MAPE and R2) for models in first harvest

7.5 R2 -JavY -Javy -Java -JavY -[asY T <1330 RF a5y -[aa8
VAF Gy O Y Y Y/ G Y4 SR CVLL - S GV C P CVLVE S VYA ¢ SR RVAC
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Table 4. Performance indices (RPD, AIC, BIC, RMSE, VAF, MAPE and R2) for models in second harvest

OIM slapasls
95 PCR PLS oLs LR LogR NLR NP R MLP RBF  ANFIS
dsm)
0 R2 YRV e -[A 7 - [AAA - Jayy 250 A
VAF QBN AVFRY  AaB))  aW/Bed AV QYA AYAWY ASIFeS aA-ed aajAey
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Abstract
Leaf area is a ke?; indicator for the growth and production of plant products and also determines
the efficiency of light consumption. Therefore, the study of diversity and also the estimation of leaf
area in different mint ecotypes is particular importance. One of the common methods for estimating
leaf area is regression analysis, the leaf area as independent variable, and leaf length and width as
dependent variable. In this study, leaf area of 18 mint ecotypes with different models of ANFIS,
artificial neural network (MLP and RBF), linear and nonlinear regressions using two inputs of leaf
length and width in four levels of salinity stress (control, 2.5, 5 and 7.5 dS/m) were estimated in two
levels of harvesting. The results showed that there is a high correlation between length and width
with leaf area, so that the width correlation with leaf area was greater than leaf length. Among the
regression models in both harvest levels and at all levels of salinity stress, the NLR model is
resented as the best and most accurate model. ANFIS model was harvested in both stages and at all
evels of stress was more accurate than other models and less error rate was obtained. Also, the
results of cluster analysis showed that there is a good variation between ecotypes. In addition, the
mean comparison between different cluster analysis 3roups showed that the highest amount of
Ength, width and leaf area was taken in both stages and at all levels of salinity stress was related to
18.
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