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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
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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
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Figure 4. The results of cluster analysis under different salt stress levels in first and second harvest. [A (Control+first harvestg,
B (2.5 dS/m+first harvest), C (5 dS/m+first harvest), D (7.5 dS/m+first harvest), E (Control+second harvest),
F (2.5 dS/m+second harvest), G (5 dS/m+second harvest) and H (7.5 dS/m+second harvest)]

04

Kharmew |02 107 (17 " Afea™) oo 47 o v


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

[ Downloaded from jcb.sanru.ac.ir on 2025-12-17 ]

[ DOI: 10.29252/jch.11.32.59 ]

O N B O

Fo sl
cm

A
] OW OL BLA o
y 16
. 14 1
] 3
1 Y 10
: A
)
113 - -
Gl G2 G3
095
Group
E
25 -
20 -
15 - 3
5 4
a
0 b] |b| |b

Gl G2 G3 G4 G5

0955
Group

12 1

OoON B~ O
R S T T 1

B
M
a C b c
Gl G2 G3 G4
09,5
Group
H
18 -
16 A
14 -
12 A
10 A
8 4
6
4
C b
0
G1 G2 G3 G4
09,5
Group

o ol

C
' 3
. b g
M |
Gl G2 G3
09,5
Group
F
25 -
20 +
15 4
1S
o
10 4
5 - g
0 a b C C
Gl G2 G3 G4
09,5
Group

D
16 -
14 4
12 4
10 -
8 4
6
4
| :
0 C
Gl G2 G3 G4
095
Group
G
25 4
20 4
3 15
55
4 10 -
5 -
0 2 C b
Gl G2 G3
09,5
Group

C (s cuslyrt o 1 uiasjowd V/0) B o Jol sl prtanlis) Al pgd 5 Jgl (slacudld p 13 (6y9 i cod yodS ay 35 5| fuols (slaog S puSile duglio 4y bigsyo ol —0 JSis
VIO)H g (pgd culd ot yio g3 uiosj owd O) G (pgd Cudld ot yio g uionj owd Y/O) F (pod cudld prtinlis) E ((pogd Cubld b yio o (yuion jowd Y/O) D o Jgl ol pot o 1 yusion j o0 B)
Bl dopd g e )3 (4 gme BT (4SS yaesl wlwl g asliie By (gl (sla gt [(ped Cudld by yr uiosj owd
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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
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VAF Gy O Y Y Y/ G Y4 SR CVLL - S GV C P CVLVE S VYA ¢ SR RVAC
MAPE Favy F/avy alsyy Yy oY~ YOA YWY v/sae  o/ode v/avy
RMSE VA <AV AvSS -1V -fov. ol ol e¥E ¥y -[ov¥
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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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RPD NBRY AN ABRY ABBA YA AR AWeYs Y YRYR FFY-
AIC YV YeYNRE YVNS YSYATY  YSVYY O YSYOVY  YOENE WARGS Y-/ Y-FVAA
BIC VWATY VWY VWATY YWA8)  YWVAEe TIWYAM DIFATY AN YVATY TSN
vio R2 JAAYRAY -JAAY - [AY -[2A- - [AAF - [AAA AV 250 ey
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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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