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ABSTRACT

Ocimum basilicuni.. (basil) is an annual herb belonging to the Lamiaceae family that has economic importance for
many regions around the world. Thus, ecophysiological studies are needed to assess this species growth and dispersal.
This work aimed to obtain equations from regression models that meaningfully estimate the leaf area of basil cultivars
using linear dimensions of leaves. For this purpose, 300 leaves from ‘Italiano Roxo’ and 500 leaves from ‘Folha Fina’
cultivar were collected from plants cultivated in a greenhouse. Then, the length, width, and leaf area of each leaf were
measured, and product of length by width were calculatezlequations were adjusted using the simple ljtieaar
without intercept, quadratic, cubic, powand exponential regression models. Criteria for selecting the best equations
were highest determination céiefent andwillmott’'s agreement index, loweskaike information criterion and root
mean square erraand BIAS index closest to zeAll the equations fitted using the product of length by width (L.W)
can estimate the leaf area of basil cultivars. Thus, basil leaf area can be estimated through a non-destructive method
using linear dimensions of leaves. Howetke equation w = 0.8175¥/°%|s the most suitable for ‘Italiano Roxo’
and w = 0.6335*I for ‘Folha Fina’.
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INTRODUCTION after infusion as malgesic, soothing, expectorant,
Ocimum basilicunt.., popularly known as basil, and invigorating, sedative, and tonic (Ribeied al, 2014;
asmanjericaq alfavaca basilicoandalfavaca-cheirosa Sakuraetal, 2016).
in Brazil, is an annual herb belonging to the Lamiaceae Many basil varieties have been exploited commercially
family. Reaching 30 to 60 c¢m in height under idedfor presenting desirable characteristics, such as high
environmental conditions (Minaret al, 2007), the plant €ssential oil content and greater biomass production. ‘Ita-
is native to India and othésian regions and cultivated liano Roxo’(Ocimum basilicurwar. purpurascengenth.)
in several countries, where the raw material is used i&a basil cultivar that grows to 50 and 60 cm in height, and
produce essential oils rich in linalool (Pinhestal, 2017).  produces greenish-purple leaves, long inflorescences, and
In addition to having biological properties, such agrect stem (Kamadzt al, 1999). ‘Folha Fina’@cimum
antibacterial and insecticide, the essential oil is used Basilicumvar minimumL.) has an erect and branched
flavoring and condiment in the food and pharmaceuticgtem, grows to 40 and 50 cm in height, and produces short
industry (Luzet al, 2009; Machadet al, 2012).Also, and white inflorescences (Matos, 2002).
basil is used in all countries for culinangedicinal, orna- Given the importance of this species, studies on its
mental, and aromatic purposes (Hussial, 2008). In growth, physiology development, reproduction, and
traditional medicine, basil leaves are freshly consumed propagation aref@reat interest. Leaf area measurement
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is of fundamental importance because leaves are At55 days after planting, beginning of flowering, 300
responsible for multiple functions in plants, such as ligheaves from ‘Italiano Roxo’ and 500 leaves from ‘Folha
interception and absorption for photosynthetic proce&ina’, of different sizes and shapes, were randomly
ses, gas exchange, and stomatal opening, thus direabllected. Only healthy leaves without injuries caused by
affecting the plant biomass production (Spann & Heerempests, diseases, and other factors were selected. Then,
2010;Taizet al, 2017). the leaves were packed in plastic bags and transported to
Leaf area can be determined by different methodBJant Ecology Laboratorgat Federal University of Paraiba,
classified according to Marshall (1968) as direct an@ampus llAt the laboratorythe maximum length (L, cm)
indirect, or destructive and non-destructive. Direcand width (Wcm) (Figure 1) of each leaf were measured
methods (destructive or not) are simple to measure huging a millimetric rulerThen, the product of length by
cost time and laboin addition to being unfeasible for width (L.W, cm2) was calculatedlso, the real leaf area
endangered species and plants in the early stages(lof, cm?) was determined by digital photocopies obtained
development, and because it requires plants to lnsing a scanner (P-215ll, Canon), and the images were
destroyed (Motet al, 2014). On the other hand, indirectanalyzed in Imag&J.1.51j8 (Powerful ImagAnalysis)
(non-destructive) methods allow quick and accuratsoftware.
evaluations, permitting successive measurements on the A descriptive analysis was performed to determine the
same plant, based on regression models using leainimum, maximum, mean, amplitude, median, variance,
dimensions (length and width), without destroying thetandard deviation, standard errand codicient of
sample (Pompelkt al, 2012; Sousa &maral, 2015; Ri- variation of L,W, LW, and LA.Then, equations for
beiroet al, 2019a). estimating the leaf area were adjusted using the simple
Regression models for estimating leaf area have bekmear, linear without intercept (0.0), quadratic, cubic, power
used by several authors in other species, such asd exponential regression modelaffle 2). Subse-
Capsicum annuum.l(Padréret al, 2016),Smallanthus quently the equations that meaningfully estimated leaf
sonchifoliugPoepp.) H. Rob. (Erlachetal, 2016)Salvia area of the basil cultivars were selected by checking the
hispanicaL. (Mack et al, 2017),Theobroma cacad. highest determination cdefient (R?) andWillmott’s
(Salazaet al, 2018) Erythroxylum citrifoliumA.St.-Hil.  agreement indexdf (Willmott, 1981) (Equation 1), lowest
(Ribeiroet al, 2019a)Psychotria carthagenensiimcq. Akaike information criterion (AIC) (Akaike, 1974)
and Psychotria hoffmannseggian@Villd. ex Schult.) (Equation 2) and root mean square error (RMSE) (Janssen
Mull.Arg. (Ribeiro et al., 2019b),Erythroxylum & Heubeger, 1995) (Equation 3), and BIAS index closest
simonisPlowman (Ribeireet al,, 2018),Mesosphaerum to zero (Leite &Andrade, 2002) (Equation 4)tefistical
suaveolengL.) Kuntze (Ribeiroet al., 2020a), and analyzes were performed irf R4.0.0 software (R Core
Erythroxylum pauferrendelowman (Ribeir@t al, 2020b). Team, 2020), using the packagedroGOF (Zambrano-
Therefore, this work aimed to obtain equations fromBigiarini, 2020).
regression models that meaningfully estimate leaf area of

noco o 2N2
basil cultivars (‘Italiano Roxo’ and ‘Folha Fina’) throughd = 1 M 1)
; X ) Zi (- DAD
linear dimensions of leaves. .
AIC = - 2In L(x\0) + 2(p) 2)

MATERIAL AND METHODS
ZI”: Al - 12
The experiment was carried out under greenhouse/2H/SE :\/% ©)

the Center forAgrarian Sciences, Department of S G - )
Phytotechnics and Environmental Sciences, Feder&IAS=W (4)
University of Paraiba, CampusAlreia city, Paraiba state, A
Brazil (6°58'1.3" S, 35°42'49.09" O, 400 to 600 m amtude)yVheref/i is the estimated leaf area,is the observed leaf
where the climate iss type, hot and humid with autumn-2réa, i is the mean of the observed values
winter rains (Alvarest al, 2013). During the experimental (i = ¥i- ¥ i =yi; i), L (x10) is the maximum likelihood
period, the average temperature was 28.4 °C and relatf4@ction that is defined as the product of the density
humidity was 54.8%, which were monitored using a digitunction,p is the number of coefficients in the equation,
tal thermo-hygrometer (M241A, Minipa). andn is the number of observations.

Basil seeds from ‘Italiano Roxo’ and ‘Folha Fina’
cultivars were purchased at the local market. Then, seedlirBESU LTSAND DISCUSSION
were produced in polyethylene bags with 1.3 dapacity The length (L) of the ‘Italiano Roxo’ (IR) leaves varied
filled with a substrate composed of latosol, washed sarfdpm 1.100 to 10.738 cm, with 4.133 cm on average and
and tanned cattle manure at the 3:1:1 ratibl(@1). 9.638 cm amplitude, while width (W) varied from 0.493 to
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6.066 cm, with 2.391 cm on average and 5.573 cm amplifplants on different phenological stages (Pezeinal,
de. The product of length by width (L.W) ranged fron2018). Therefore, the number of leaves used in the present
0.634t0 65.137 cm?, with 12.229 cm?2 on average and 64.56t8dy was adequate for estimating the basil leaf area
cm? amplitude, and real leaf area (LA) ranged from 0.256 through linear dimensions of leaves. Other studies also
37.933 cm2, with 8.179 cm?2 on average and 37.677 cm? araported high variability in product of length by width
plitude (Table 3). In turn, the length of ‘Folha Fi&F) (LW) and real leaf area (LA) as compared tardW
leaves differed from 0.403 to 3.495 cm, 1.663 cm on averagalues (Leiteet al, 2017; Ribeireet al, 2018; Ribeiraet
and 3.092 cm amplitude, whereas width (W) rangeal., 2020c; Ribeiret al, 2020d).
between 0.180 and 2.294 cm, 0.901 cm on average andRegarding leaf size classes, 32.3% of ‘Italiano Roxo’
2.114 cm amplitude. The product length by width (L.W)eaf area (n = 300) was in the range of 0.25 and 3.00 cm?,
varied from 0.079 to 7.889 cmz?, 1.774 cm?2 on average aadd 37.4% of ‘Folha Fina’ leaf area was in the range of 0.51
7.810 cm2 amplitude. Finallyeal leaf area (LA) was from and 1.00 cmz?, which shows these cultivars have high leaf
0.063 to 4.640 cm?, 1.154 cm? on average and 4.577 canea variation (Figure 2).
amplitude (&ble 3). The regression models and allometric equations
Regarding variability in basil leaf dimensions, theobtained from the relationship between real leaf area
lowest coefficients of variation were those from lengtlfw) and linear dimensions of leaf blades\({,,and L.W)
(46.1% for IR and 41.21% for FF) and width (54.8% for IRare shown irTable 4.The determination cofients
and 48.61% for FF), whereas the highest coefficients @R2) were greater than 0.87, indicating that at least 87%
variation were those from the product of length by widtf the variation in leaf area was explained by the
(97.4% for IR and 89.90% for FF) and real leaf area (91.5&guations adjusted using linear dimensions of leaves
for IR and 85.69% for FF) @ble 3). High values of ampli- (Table 4).
tude, standard deviation, standard eramd codfcient The equations adjusted using the product of leaf
of variation are of fundamental importance for studieength by width (MV) showed satisfactory assumptions
aimed at estimating leaf area from regression modefsr estimating leaf area, best fitting all the regression
allowing measurements on leaves of different sizes amabdels (Assigt al, 2015; Oliveiraet al, 2017; Lucenat

Table 1: Chemical characterization of the substrate used in the experiment

o oM P K* Ca? Mg?* Na* BS H* +AlI3* Al3* CEC
. g kg? mg kg cmol_dm?
7.8 22.2 85.5 693.6 2.9 1.59 0.23 6.5 0.0 0.0 6.5

OM: organic matter; BS: base saturation; CEC: cation exchange capacity
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Figure 1: Linear dimensions [length (L) and width (W)] of leaves of ‘Italiano Roxo’ (A) and ‘Folha Fina’ (B) basil cultivars used to
estimate leaf area.
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al., 2018; Ribeircet al, 2018). Except for the equationusing the product of length by width, were the equations
adjusted using the exponential model, which showed bekat meaningfully estimated the leaf area of ‘Italiano Roxo’
indexes when just using leaf width, as was also reportadd ‘Folha Fina’basil cultivars, respectivelyrhese
by Silvaet al (2017). equations showed the highest R2 (0.9945 and 0.9894) and
Following the criteria for selecting the equations thad (0.9979 and 0.9942), lowest RMSE (0.695 and 0.150) and
meaningfully estimated the leaf area of basil cultivaraIC (609.6 and 76.9), and BIAS index closest to zero (-
through linear dimensions of leaves, it was found that tf20064 and 0.0301) éble 4) Therefore, the equation w =
power model and linear model without intercept, both fitte@.8175*LW°°7is the most suitable for estimating the leaf

Table 2: Models and equations used to estimate leaf area of basil through linear dimensions of leaves

Model Equation
Linear g=B,*+B,*L+g

Linear J=B,+B,*W+g,

Linear J=B,*+B,*LW+¢

Linear without intercept (0.0) y=B,*LW+eg,

Quadratic YR, +B, *L+B,*L2+g

Quadratic y:B0+Bl* W+ BZ*W+£i

Quadratic y= Bo + [31 * LW + Bz * LW + €,

Cubic J=B,+ B, *L+B,* L2+, * Li+g
Cubic G=B,+ B, WHB, * W+ B * Wetg
Cubic G=B,+ B, * LW+B,* LW2 + B, * LWe +¢,
Power y=B,* L +g

Power y=B,* W +g

Power y=B, ¥ LWL +¢

Exponential Y=B,* B +E

Exponential =B, * BV +e

Exponential y=B,* B +e,

Table 3:Minimum, maximum, mean, amplitude, median, variance, standard deviation, standaehdrcodfcient of variation of
length (L), width (W), product of length by width (L.W), and leaf area (LA) of leaf blades of ‘Italiano Roxo’ and ‘Folha Fina’ basil
cultivars

Italiano Roxo (n = 300 leaf blades)

Statistics L W LW LA
Minimum 1.100 0.493 0.634 0.256
Maximum 10.738 6.066 65.137 37.933
Mean 4,133 2.391 12.229 8.179
Amplitude 9.638 5.573 64.503 37.677
Median 3.883 2.179 8.394 5.933
Variance 3.631 1.717 141.969 56.047
Standard deviation 1.906 1.310 11.915 7.486
Standard error 0.113 0.078 0.707 0.444
Coefficient of variation 46.10 54.80 97.40 91.50
Folha Fina (n = 500 leaf blades)
Statistics L W LW LA
Minimum 0.403 0.180 0.079 0.063
Maximum 3.495 2.294 7.889 4.640
Mean 1.663 0.901 1.774 1.154
Amplitude 3.092 2.114 7.810 4577
Median 1.494 0.776 1.150 0.787
Variance 0.469 0.192 2.545 0.9778
Standard deviation 0.685 0.438 1.595 0.9888
Standard error 0.031 0.020 0.073 0.0451
Coefficient of variation 41.21 48.61 89.90 85.69
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area of ‘[talian Roxo’, and the equation w = 0.633&*or  (Cdrcolest al, 2015), an€Commelina difusBurm.f.(Car-
‘Folha Fina'(Table 4). valhoet al, 2017).

Despite the linear patterns, the power regression model According to the proposed equations to estimate the
was the best adjustment for predicting ‘Italiano Roxo’ ledbasil cultivars leaf area, data showed low dispersion from
area, which was also recommended for other species, stith regression line in the scatterplot and residues were
asVigna unguiculatalL.) Walp. (Oliveiraet al, 2015), homogenously distributed, showing that variances were
Theobroma cacao.l(Schmildtet al, 2017) Stizolobium homogeneous, and residues were normally distributed
cinereumPiper & Tracy (Cargnelutti Filhet al, 2018), and (Figure 3A and B).

Manihot esculent&rantz (Guimaréest al, 2019). In turn, Leaf area estimated by the proposed equations was
the linear model indicated to estimate ‘Folha Fina’ leaf argaositively correlated with real leaf area, with determination
was also recommended for species sucMasnga coefficients (R2) of 0.9913 and 0.9894, showing the high
oleiferaLamarck (Macariet al, 2020),Allium cepal. quality of the adjustments (Figure 4A and B). Therefore,
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Figure 2: Percentage distribution of leaf area classes of ‘Italiano Roxo’ (A) and ‘Folha Fina’ (B) basil cultivars.
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Figure 3:Variation in ‘Italiano Roxo{A) and ‘Folha Fina(B) real leaf areas as a function of the product of length by width (L.W)
of leaf blades by the equations indicated to estimate leaf area. The residual dispersion is shown in the inserted chart.
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Figure 4:Relationship between observed leaf area and leaf area estimated by the proposed equations wWe81{iliano
Roxo’,A) and w = 0.6335*WW (‘Folha Fina’, B).The residual dispersion is shown in the inserted chart.

the equations w = 0.8175%/*%% (‘Italiano Roxo’) and w The equation w = 0.8175%/°°7adjusted using the
=0.6335*IW (‘Folha Fina’) allow quickly and accurately power model (for ‘Italiano Roxo’ cultivar) and w =
estimate basil leaf area though the product of leaf length6335*LW adjusted using the linear model without
by width (L.W). Such equations confirm that usingntercept (for ‘Folha Fina’ cultivar) are the most suitable
regression models allows a quick and precise leaf arfea estimating the leaf area basil cultivars.

estimation of basil cultivars (‘Italiano Roxo’ and ‘Folha  The proposed equations can contribute to studies on
Fina’) from linear dimensions of leaf limb&lso, the basil growth, development, and physiology since leaf area
proposed equations can be used to validate data obtaiestimation is of fundamental importance for these studies.

by leaf area meters.
ACKNOWLEDGEMENTS, FINANCIAL

CONCLUSIONS SUPPORT AND FULL DISCLOSURE
Basil leaf area can be quickly and accurately estimated The authors would like to thank to Conselho Nacional
through a non-destructive method using linear dimensiogg pesenvolvimento CientificdTecnolégico (CNPg) and
of leaves. to Coordenacéo d&perfeicoamento de Pessoal de Nivel
Equations adjusted using the product of leaf lengtBuperior (financing code 001) by scholarships awarded
by width (L.W) can meaningfully estimate basil leaf areao the authors.

Rev CeresVicosa, v69, n.2, p. 139-147, mar/a[2022



146 Joao Everthon da Silva Ribeiebal.

REFERENCES Marshall JK (1968) Methods of leaf areneasurement of large

and small leaf samples. Photosynthetica, 2:41-47.
Alvares CA, Stape JL, Sentelhas PC, Gongalves JLM & Sparovek . ) ) L
G (2013) Képperg climate classification map for Brazil. Matos FJA (2002) Farmacias vivas: sistema de utilizagdo de plan-

Meteorologische Zeitschrift, 22:711-728. tas medicinais projetado para pequenas comunidadesd4
Fortaleza, Editora UFC. 267p.

Minami K, Suguino E, Mello SC &VatanabeAT (2007)A cultura

do manjericdo. Piracicaba, ESALQ - Divisdo de biblioteca e
Assis JP Linhares PCFSouza RPPereira MFS &Almeida AMB documentac&o. 25p.
(2015) Estimacgédo da area foliar da “jitiran&1grremia aegyptia ) 5 )
(L) Urban), através de modelos de regressdo para Mossord/10f@ CS. Leite HG & Cano MAO (2014) Equagbes para estimar
RN. Revistaverde deAgroecologia e Desenvolvimento Susten- 2762 foliar de foliolos décrocomia aculetaPesquisa Florestal
tavel. 10:75-81. Brasileira, 34:217-224.

Camgnelutti FilnoA, Toebe M, Burin C, Neu IMM &Alves BM Oliveira RLL, MoreiraAR, CostaAVA, Souza LC, Lima LGS &
(2018) Numero de folhas para modelar a area foliar de mucuna?'lva RTL (2015_1 Modelos de det(_ermlnagao nao destrutwa de
cinza por dimensdes foliares. Revista de Ciénéigeovete- area foliar de feijdo caupligna unguiculata(L.). Global Science
rinarias, 17:571-578. and Technology 8:17-27.

Carvalho LB,Alves EA, & Bianco S (2017) Non-destructive modeIO“\;‘i)'f?l PLS' fS|IvaW, CqstaAAM., SI‘ChrT”l:()jt ER &V't?”?l EL )
to predictCommelina diffusdeaf area. Planta Daninha, 35:1-5. ( ) Leaf area estimation in litchi by means of allometric

relationships.Revista Brasileira de Fruticultura, 39:1-6.
Cércoles J, DomingueZ, Moreno M, Ortega J & De Juan J (2015)
A non-destructive method for estimating onion leaf area. Iris
Journal ofAgricultural and Food Research, 54:17-30.

ErlacherWA, Oliveira FL, Fialh il DMN rvalh - - .
::loe(201’6)olvll\(/)?jlelz for’ eslt?m;irzsy;ail)\rflleaf arei CHir\tliiultcl)Jrapezzml R/, Cagnelutti FilhoA, Alves BM, Follmann DN, Leinpaul
' JA, Wartha CA& Silveira DL (2018) Models for leaf area

brasileira, 34:422-427. A . ) . .
estimation in dwarf pigeon pea by leaf dimensions. Bragantia,
Guimarédes MJM, Coelho Filho MA, Gomes Junidy, Bilva MAM, 77:221-229.

Eaimativa da drea foliar de mandioca. Revisa do Gibnge | FNEIo PEChaves BYSika PI, Lucia SWD, Saraiva SH & Pi-
rias. 62:1-5. nheiro CA (2017) Oleos essenciais de manjericdo e gengibre na
' aromatizacdo de azeite de oliva. Nucleus, 14:189-196.
HussainAL, Anwar F Sherazi STH & Przybylski R (2008) Chemical Pompelli ME AntunesWC, Ferreira DTRG Cavalcante PGS,

composition, antioxidant and antimicrobial activities of basil Wanderley Filho HCL& Endres L (2012)Allometric models

(Ocimum basilicurp essential oils depends on seasonal . . )
variations. Food Chemistyyl08:986-995 for non-destructive leaf area estimationJaftropha curcas
' ' ’ Biomass and Bioengy, 36:77-85.

Janssen PHM & Heuberger PSC (1995) Calibration of proces
oriented models. Ecological Modelling, 83:55-66.

Akaike H (1974)A new look at the statistical model identification.
IEEE Transactions omutomatic Control, 19:716-723.

ﬁ’adrc’)n RAR, Lopes SJ, Swarowsky Cerquera RR, Nogueira CU
& Maffei M (2016) Non-destructive models to estimate leaf
area on bell pepper crop. Ciéncia Rural, 46:1938-1944.

R CoreTeam (2020) RA language and environment for statistical
computing. R Foundation fort&istical ComputingVienna,

KamadaT, CasaliVWD, Barbosa LCA, Fortes ICR Finger FL Austria. Available at: http://wwwR-project.og/. Accessed on:
(1999) Plasticidade fenotipica do 6leo essencial em acessos dganuary 13, 2021.

manjericao Qcimumspp.). Revista Brasileira de Plantas Medi-py o pa Macedo DEOliveira LGS, Saraiva ME, Oliveira SF

cinais, 1:13-22. Souza MMA & Menezes IRA (2014) Potencial terapéutico e
Leite HG & AndradeVCL (2002) Um método para conducdo de uso de plantas medicinais em uma area de Caatinga no estado do

inventéarios florestais sem o uso de equagdes volumétricas. Re-Ceara, nordeste do Brasil. Revista Brasileira de Plantas Medici-

vista Arvore, 26:321-328. nais, 16:912-930.

Leite MLMV, Lucena LRR, S& Junior EH & Cruz MG (2017) Ribeiro JES, BarbosAJS & Albuquerque MB (2018) LeaArea
Estimativa da area foliar etdrochloa mosambicensigor di- Estimate ofErythroxylum simonisPlowman by Linear
mensdes lineares. ReviségropecuarialTécnica, 38:9-16. Dimensions. Floresta Ambiente, 25:1-7.

Lucena LRR, Leite MLMYVY Cruz MG & Sa Junior EH (2018) Ribeiro JES, Coélho ES, Figueiredo FRA, Lopes SAKl8uquerque
Estimativa da area foliar etdrochloa mosambicensigor di- MB (2019a) Estimation of leaf area &fythroxylum citrifolium
mensoes foliares e imagens digita#schivos de Zootecnia, from linear leaf dimensions. Bioscience Journal, 35:1923-1931.
67:408-413.

Ribeiro JES, Coélho ES, Figueiredo FRA, Perdiia & Albuquerque

Luz JMQ, MoraisTPS, BlankAF, SodréACB & Oliveira GS (2009) MB (2019b) Leaf area estimation fésychotria carthage-
Teor, rendimento e composi¢gdo quimica do 6leo essencial de nensisandPsychotria hoffmannseggiares a function of linear
manjericdo sob doses de cama de frango. Horticultura Brasilei-leaf dimensionsActa Scientiarum. Biological Sciences, 41:1-8.

ra, 27:349-353. Ribeiro JES, Nébrega JS, Figueiredo FRA, Ferreira, Fereira

Macario APS, Ferraz RLS, Costa PS, Brito Netq elo AS & WE, Bruno RLA& Albuquerque MB (2020a) Estimativa da area
Dantas Neto J (202®llometric models of estimatingloringa foliar de Mesosphaerum suaveolerss partir de relagdes
oleifera leaflets area. Ciéncia A&grotecnologia, 44:1-10. alométricas. Rodriguésia, 71:1-9.

MachadoTF, Nogueira NAP Pereira RCA, Sousa C& Batista Ribeiro JES, Coélho ES, Figueiredo FRA & Melo MF (2020b)
VCV (2012)Atividade antimicrobiana do 6leo essencial de man- Non-destructive method for estimating leaf aredpfthroxylum
jericdo contra patégenos e deterioradores de alimentos. Fortapauferrense(Erythroxylaceae) from linear dimensions of leaf
leza, Embrapa\groindustriaTropical. 16p. blades.Acta Botanica Mexicana, 127:1-12.

Mack L, Capezzone,MMunz S, Piepho HFRClaupeinW, Phillips  Ribeiro JES, Figueiredo FRA, Coélho ES, Perdiia & Albuquerque
T & Graeff-Honninger S (2017) Nondestructive leaf area MB (2020c) Leaf area estimation Bhlicourea racemosgAubl.)
estimation for ChiaAgronomy Journal,109:1960-1969. Borhidi from linear measurements. Florestdmbiente, 27:1-7.

Rev CeresVicosa, v69, n.2, p. 139-147, mar/a2022



Estimating leaf area of basil cultivars through linear dimensions of leaves 147

Ribeiro JES, Figueiredo FRA, Coélho ES, Perdita& Albuquerque  Sousa MC &Amaral CL (2015) Non-destructive linear model for
MB (2020d)A non-destructive method for estimating leaf area leaf area estimation iVernonia feruginealLess. Brazilian
of Ceiba glaziovii(Kuntze) K. Schum. Floresta, 50:1063-1070. Journal of Biology 75:152-156.

Sakurai FN, Estrela KCATamayo MS, Casseb MO & Nakasato M Spann TM & Heerema RJ (2010)A simple method for
(2016) Caracterizacdo das propriedades funcionais das ervasiondestructive estimation of total shoot leaf area in tree fruit
aromaticas utilizadas em um hospital especializado em crops. Scientia Horticulturae, 125:528-533.

cardiopneumologia. Demetra 11:1097-1113. Taiz L, Zeiger E, Mgller IM & MurphyA (2017) Fisiologia e
Salazar JCS, Mufioz LMM, Bautista EHD, Rienzo JAD & Casanoves desenvolvimento vegetafrtmed. PortoAlegre, Brasil. 888p.

F (2018) Non-destructive estimation of the leaf weight and Iea‘;viIImott CJ (1981) On the validation of models. Physical
area in cacaoTheobroma cacad..). Scientia Horticulturae, Geography 2:184-194

229:19-24.
Schmildt ER. Beli ETM & Schmildt O (2017) Model Zambrano-Bigiarini M (2020) Package ‘hydroGOF’: Goodness-
chmi » belique chmi ( ) Modelos of-fit functions for comparison of simulated and observed

an’metncos para determinacdo da area foliar d? cacaueiro IDH-hydroIogicaI time seriesAvailable at: https://cranproject.og/
16’ em sombreamento e pleno sol. Revisgmoambiente Online, web/packages/hydroGOF/hydroGQ#f. Accessed on: June 24
11:47-55. 2021.

Silva SE Pereira LR, CabanezZAP Mendonca RF &Amaral JAT
(2017) Modelos alométricos para estimativa da area foliar de
boldo pelo método néo destrutivagrarian, 10:193-198.

Rev CeresVicosa, v69, n.2, p. 139-147, mar/a[2022



