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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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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-
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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
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RPD VIV VYRS YT VIV RAV- Y YEISYY WEAE VAL YEVA-
AIC WAASY  MA/eee VWWEES VWWASY  AYRAAY  AVRAY WYY WY WAV AYEATE
BIC WASYA WNAW \YAEBY AYAISYA TRV WVAY  OFEYAL WTLRYD WWYSFE ATEADY
vio R2 YA favY V¥ -[avy -[25A -/23) -[230 -Jaa¥ .55 e
VAF QST AUSYA AAN-Y AU/SYY RABA Q1AYA AAAL A3AAY AAFYR QajaaF
MAPE  ¥N-5  FNYE  ¥IVA- YA B YAV YIS YYE ¥R v/fas
RMSE VY NvE YA -\YF -IDVA R AJov¥ ¥y .Ivva oovs
RPD AoV Y SIM WEAY YORY YYEYY 0 YUSYY FARE SSIYeY
AIC AN AVAYE  AVPA QVAYY \-a/ave GANBA QAT ARTY AEYE AWAVY
BIC VRS VV/SAY VDA N-VEDY  NANAY V-ALYS VeA00e V-NARR AANAY  \-AlSR-



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 2025-10-31 ]

[ DOI: 10.29252/jch.11.32.59 ]

A8 oslial 3y90 gliai (295l olS dlox 5l (LS (slaaisS
5 RBF) (s5ian (nas &b glase cimofy cnl ) 55
gaw padls labe) plo 4 Caws (g8 cd b (MLP
oL 1S 4355 5l ol gl wCanl 03 ez |y Sy
o bl plad 53 g by 90 ya 40 EI8 CuigST &S ol
9 02 sk Mo (ppldn IS gk (emed 9 (59
5 it gl & o 3l 5l |y Sy o

Aligo 51,55 52 sVl Joos bl S (59

iz (glacaisSt 3 Sy o (1SS g £95 oy

u\jya}u » g?)g a.‘aw U)Dbo).a& 9 d,d) .))91).3

Jyame 3, Sdes b Sy o b5l Jddas ¢ €L g (559l
9 SFomels SESS I oslatl ojgpel Bl co wre sl
ol by copw 4 6550l cole Loy (sl e
sl gy 4 Cumd ANFIS Wile eguae Sigh Jdo .Cowl
g VLo L) Sy aw (padls (b 5 (Jad (95
ANFIS gy coycpl 1wl 035 (pesd (g8 sls
Sy gaw w39 Gl (030l (g S plgied Sl e

10.
11.

12.
13.
14.

15.

16.

17.

&l

. Aboukarim, A.M., H.A. Elsoury and M. Menyawi. 2015. Artificial neural network model for the

prediction of the cotton crop leaf area. International Journal of Plant and Soil Science, 8(4): 1-13.

. Ahmadian-Moghadam, H. 2012. Prediction of pepper (Capsicum annuum L.) leaf area using group

method of data handling-type neural networks. International Journal of Agriculture Science, 2(11): 993-
999.

Amiri, M.J. and A. Shabani. 2017. Application of an Adaptive Neural-Based Fuzzy Inference System
Model for Predicting Leaf Area. Communications in Soil Science and Plant Analysis, 48(14): 1669-1683.
Amiri, M.J., J. Abedi-Koupai, S.S. Eslamian, S.F. Mousavi and H. Hasheminejad. 2013. Modeling Pb (11)
adsorption from aqueous solution by ostrich bone ash using adaptive neural-based fuzzy inference system.
Journal of Environmental Science and Health, Part A 48: 543-558.

Aschonitis, V.G., D.M. Papamichail, A. Lithourgidis and E.A. Fano. 2014. Estimation of leaf area index
and foliage area index of rice using an indirect gravimetric method. Communications in Soil Science and
Plant Analysis, 45: 1726-1740.

Basbag, S., R. Ekinci and G. Oktay. 2008. Relationships between some physio-morphological traits and
cotton (Gossypium hirsutum L.) yield. International Cotton Advisory Committee. Tenth Regional
Meeting.

Blanco, F.F. and M.V. Folegatti. 2005. Estimation of leaf area for greenhouse cucumber by linear
measurements under salinity and grafting. Scientia Agricola, 62(4): 305-309.

Caldas, L.S., C. Bravo, H. Piccolo and C.R. Faria. 1992. Measurement of leaf area with a hand-scanner
linked to a microcomputer. Revista Brasileria de Fisiologia Vegetal, 4: 17-20.

Cargnelutti Filho, A., M. Toebe, B. Mendonca Alves, C. Burin and J.A. Kleinpaul. 2015. Estimation of
leaf area of canola by leaf size. Bragantia, 74(2): 139-148.

Cargnelutti Filho, A., M. Toebe, C. Burin, A.L. Fick and G. Casarotto. 2012. Estimate of leaf area of
forage turnip according to leaf dimensions. Bragantia, 71(1): 47-51.

Carvalho, J.0., M. Toebe, F.L. Tartaglia, C.T. Bandeira and A.L. Tambara. 2017. Leaf area estimation
from linear measurements in different ages of Crotalaria juncea plants. Anais da Academia Brasileira de
Ciéncias, 89(3): 1851-1868.

Cristofori, V., Y. Rouphael, E. Mendoza-de Gyves and C. Bignami. 2007. A simple model for estimating
leaf area of hazelnut from linear measurements. Scientia Horticalture, 113(2): 221-225.

Daughtry, C.S.T. 1990. Direct measurements of canopy structure. International Journal of Remote Sensing
Reviews, 5: 45-60.

De Aquino, L.A., V.C. dos Santos Janior, J.V. Santos Guerra and M. Moreira Costa. 2011. Estimates of
sunflower leaf area by a non-destructive method. Bragantia, 70(4): 832-836.

Ghanbari, S., A. Nooshkam, B.A. Fakheri and N. Mahdinezhad. 2019. Relationship between Yield and its
Component in Soybean Genotypes (Glycine Max L.) using Multivariate Statistical Methods. Journal of
Crop Breeding, 11(29): 85-92 (In Persian).

Ghorbani, H., H. Kashi, N. Hafezi Moghadas and S. Emamgholizadeh. 2015. Estimation of soil cation
exchange capacity using multiple regression, artificial neural networks, and adaptive neuro-fuzzy
inference system models in Golestan province, Iran. Communications in Soil Science and Plant Analysis,
46: 763-780.

Granier, C., C. Massonnet, O. Turc, B. Muller, K. Chenu and F. Tardieu. 2002. Individual leaf
development in Arabidopsis thaliana: a stable thermal-time-based programme. Annals of Botany, 89(5):
595-604.


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 2025-10-31 ]

[ DOI: 10.29252/jch.11.32.59 ]

\A

18.

19.
20.

21.

22,

23.

24,

25.

26.
27.

28.

29.

30.

31.
32.
33.
34,

35.
36.
37.

38.
39.

40.

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

Gupta, D.K., R. Prasad, P. Kumar, V. N. Mishra, P.K.S. Dikshit, S.B. Dwivedi and P.K. Srivastava. 2015.
Crop variables estimation by adaptive neuro-fuzzy inference system using bistatic scatterometer data. In
Microwave and Photonics (ICMAP), 2015 International Conference on 1-2 pp.

Hinnah, F., A. Heldwein, I. Maldaner, L. Loose, D.D. Lucas and M. Bortoluzzi. 2014. Estimation of
eggplant leaf area from leaf dimensions. Bragantia, 73(3): 213-218.

Hosseini, M., S.A.M. Naeini, A.A. Dehghani and Y. Khaledian. 2016. Estimation of soil mechanical
resistance parameter by using particle swarm optimization, genetic algorithm and multiple regression
methods. Soil and Tillage Research, 157: 32-42.

Hosseini, M.S., D. Samsampour, M. Ebrahimi and M. Khanahmadi. 2019. Study of Physiological and
Biochemical Changes of Iraninan Licorice (Glycyrrhiza Glabra) under Salinity Stress in Filed Condition.
Journal of Crop Breeding, 11(29): 193-201 (In Persian).

Hosseini, M., S.R. Agereh, Y. Khaledian, H.J. Zoghalchali, E.C. Brevik and S.A. Naeini. 2017.
Comparison of multiple statistical techniques to predict soil phosphorus. Applied Soil Ecology, 114: 123-
131.

Izadi, A., G. Ahmadvand, M. Asna Ashari and K. Piri. 2010. Effect of nitrogen and planting density on
some growth characteristics, performance and essential oil in peppermint (Mentha piperita L.), Iranian
Journal of Crop Research, 8(5): 824-836 (In Persian).

Kandiannan, K., U. Parthasarathy, K.S. Krishnamurthy, C.K. Thankamani and V. Srinivasan. 2009.

Modeling individual leaf area of ginger (Zingiber officinale Roscoe) using leaf length and width. Scientia
Horticulturae, 120(4): 532-537.

Kazem Alvandi R., A. Sharifan, M. Aghazadeh Meshghi. 2010. Investigation of the chemical composition
and antimicrobial effect of essential oil of peppermint (Mentha piperita L.). Scientific Journal of
Pathobioloay, 4: 355- 364.

Keramatlou, 1., M. Sharifani, H. Sabouri, M. Alizadeh and B. Kamkar. 2015. A simple linear model for
leaf area estimation in Persian walnut (Juglans regia L.). Scientia Horticulturae, 184: 36-39.

Khaledian, Y., E.C. Brevik, P. Pereira, A. Cerda, M.A. Fattah and H. Tazikeh. 2017. Modeling soil cation
exchange capacity in multiple countries. Catena, 158: 194-200.

Khaledian, Y., J.N. Quinton, E.C. Brevik, P. Pereira and M. Zeraatpisheh. 2018. Developing global
pedotransfer functions to estimate available soil phosphorus. Science of the Total Environment, 644:
1110-1116.

Khoshnevisan, B., S. Rafiee, M. Omid and H. Mousazadeh. 2014. Development of an intelligent system
based on ANFIS for predicting wheat grain yield on the basis of energy inputs. Information processing in
agriculture, 1(1): 14-22.

Kumar, K., S. Kumar, V. Sankar, T. Sakthivel, G. Karunakaran and P.C. Tripathi. 2017. Non-destructive
estimation of leaf area of durian (Durio zibethinus)-An artificial neural network approach. Scientia
horticulturae, 219: 319-325.

Leroy, C., L. Saint-Andre and D. Auclair. 2007. Practical methods for non-destructive measurement of
tree leaf area. Agroforestry systems, 71(2): 99-108.

Laio, F., G. Di Baldassarre and A. Montanari. 2009. Model selection techniques for the frequency analysis
of hydrological extremes. Water Resources Research, 45(7): W07416.

Lizaso, J.I., W.D. Batchelor and M.E. Westgate. 2003. A leaf area model to simulate cultivar-specific

expansion and senescence of maize leaves. Field Crops Research, 80: 1-17.

Mahmoudi, A. and M. Danesh. 2019. Assessment of Salinity Effects on Some Morphological and
Physiological Traits and In Vitro Culture of Halophyte Plant (Salicornia Europaea). Journal of Crop
Breeding, 11(29):161-168 (In Persian).

Marashi, M., A.M. Torkashvand, A. Ahmadi and M. Esfandvari. 2019. Adaptive neuro-fuzzy inference
system: Estimation of soil aggregates stability. Acta Ecologica Sinica, 39(1): 95-101.

Mousavi, S.F. and M.J. Amiri. 2012. Modeling nitrate concentration of groundwater using adaptive
neural-based fuzzy inference system. Soil Water Research, 7(2): 73-83.

Naderloo, L., R. Alimardani, M. Omid, F. Sarmadian, P. Javadikia, M.Y. Torabi and F. Alimardani. 2012.
Application of ANFIS to predict crop yield based on different energy inputs. Measurement, 45(6): 1406-
1413.

Nyakwende, E., C.J. Paull and J.G. Atherton. 1997. Non-destructive determination of leaf area in tomato
plants using image processing. Journal of Horticulture Science, 72(2): 225-262.

Odabas, M.S., E. Ergun and F. Oner. 2013. Artificial neural network approach for the prediction of the
corn (Zea mays L.) leaf area. Bulgarian Journal of Agricultural Science, 19(4): 766-769.

Olsoy, P.J., JJ. Mitchell, D.F. Levia, P.E. Clark and N.F. Glenn. 2016. Estimation of big sagebrush leaf
area index with terrestrial laser scanning. Ecological indicators, 61: 815-821.


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 2025-10-31 ]

[ DOI: 10.29252/jch.11.32.59 ]

Al cilizes glacuisSl 3 Sy o (1o g £95 (o)

41.Rodriguez Padron, R.A., S.J. Lopes, A. Swarowsky, R.R. Cerquera, C.U. Nogueira and M. Maffei. 2016.
Nondestructive models to estimate leaf area on bell pepper crop. Ciéncia Rural, 46(11): 1938-1944.

42.Ross, J., V. Ross and A. Koppel. 2000. Estimation of leaf area and its vertical distribution during growth
period. Aaricultural and Forest Meteoroloay, 101: 237-246.

43, Schwab, N.T., N.A. Streck, A. Rehbein, B.S. Ribeiro, L.O. Ulhmann, J.A. Lananer and C.C. Becker.
2014. Linear dimensions of leaves and its use for estimating the vertical profile of leaf area in
gladiolus. Bragantia, 73(2): 97-105.

44. Shabani, A., A.R. Sepaskhah and A.A. Kamgar-Haghighi. 2013. Growth and physiologic response of
rapeseed (Brassica napus L.) to deficit irrigation, water salinity and planting method. International Journal
of Plant Production, 7(3): 569-96.

45. Shabani, A., K.A. Ghaffary, A.R. Sepaskhah and A.A. Kamgar-Haghighi. 2017. Using the artificial neural
network to estimate leaf area. Scientia Horticulturae, 216: 103-110.

46. Taherian, M., M.R. Bihamta, S.A. Peyghambari, H. Alizadeh and A. Rasoulnia. 2019. Stability Analysis
and Selection of Salinity Tolerant barley Genotypes. Journal of Crop Breeding, 11(29): 93-103 (In
Persian).

47.Toebe, M., A. Cargnelutti Filho, L.H. Loose, A.B. Heldwein and A.J. Zanon. 2012. Leaf area of snap bean
(Phaseolus vulgaris L.) according to leaf dimensions. Semina: Ciéncias Agrarias, 33(1): 2491-2500.

48.Vazquez-Cruz, M.A., R. Luna-Rubio, L.M. Contreras-Medina, |. Torres-Pacheco and R.G. Guevara-
Gonzalez. 2012. Estimating the response of tomato (Solanum lycopersicum) leaf area to changes in
climate and salicylic acid applications by means of artificial neural networks. Biosystems Engineering,
112(4): 319-327.

49.Yilmaz, I. and O. Kaynar. 2011. Multiple regression, ANN (RBF, MLP) and ANFIS models for prediction
of swell potential of clayey soils. Expert Systems with Applications, 38: 5958-5966.


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 2025-10-31 ]

[ DOI: 10.29252/jch.11.32.59 ]

Journal of Crop Breeding Vol. 11, NO 32, WINEr 2020 ........ ..ottt stetesetetee s s e e e e eee e s e e ene e eneeseaseneneanenenenne 13

Study of Diversity and Estimation of Leaf Area in Different Mint Ecotypes Using
Artificial Intelligence and Regression Models under Salinity Stress Conditions

Seyed Jaber Hosseini', Zeinolabedin Tahmasebi-Sarvestani’, Hematolahe Pirdashti’,
Seyed Ali Mohammad Modarres Sanavi‘, Ali Mokhtassi-Bidgoli® and Saeid Hazrati®

1- PhD. Student, Department of Agriculture, Tarbiat Modares University, Tehran, Iran
2- Associate Professor, Department of Agriculture, Tarbiat Modares University, Tehran, Iran
(Corresponding author: tahmaseb@modares.ac.ir)
3- Professor, Sari Agricultural Sciences and Natural Resources University
4 and 5- Professor and Assistant Professor, Department of Agriculture, Tarbiat Modarres University
6- Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Azarbaijan Shahid Madani
University, Tabriz-lIran
Received: April 22, 2019 Accepted: October 31, 2019

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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