
Technical paper

Fruits, vol. 64 (1) 45

Leaf area estimation in some species of fruit tree by using models as a non-
destructive method.
Abstract –– Introduction. Leaf area measurements are used commonly in the study of growth and
development of fruit trees. These measurements can be made destructively by using a variety of sen-
sitive instruments and/or non-destructively by using models of leaf area estimation. For models of
leaf area estimation, some leaf parameters such as the length and width of leaves are usually used
in the measurements. Construction of a model of leaf area estimation. Computer programs such
as Excel, SAS and SPSS may be used in this process. In brief, after a leaf has been placed on a sheet
of paper and photocopied, a digital planimeter or suitable tool may be used to measure the actual
leaf area. The leaf width (W) and length (L) of the leaves sampled can be measured by a simple ruler.
After this, regression analysis of the data may be performed separately for each genotype, species
or cultivar. The analysis can be conducted with various subsets of the independent variables; for ins-
tance, leaf length (L), leaf width (W), L2, W2 and [L2 / W2] to develop the best model for predicting
leaf area. Regression analyses should be carried out until the deviation sum of squares is minimized.
Models of leaf area estimation for specific crops. In our study, prediction models of leaf area were
developed by referring to the relevant current literature that studied such fruits as avocado, banana,
blackberry, cacao, cherry, chestnut, grape, guava, kiwifruit, lotus plum, peach, pistachio, rabbiteye
blueberry, red currant, red raspberry, sour orange, strawberry, pecan and white mulberry. Advan-
tages and disadvantage of the models of leaf area estimation. Some advantages and a disad-
vantage of models of leaf area estimation are presented. Conclusion. Our mini-review has shown
that the models which have been formulated and which will develop in the future for some fruit spe-
cies can be reliably used. 
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Évaluation non destructive de la surface foliaire de certaines espèces
fruitières à l’aide de modèles.
Résumé –– Introduction. Des mesures de la surface foliaire sont généralement utilisées pour étudier
la croissance et le développement des arbres fruitiers. Ces mesures peuvent utiliser des instruments
de précision et être destructives et/ou utiliser des modèles permettant l’évaluation de la surface
foliaire et être non destructives. Pour ce type de modèle, certains paramètres de la feuille comme la
longueur et la largeur des feuilles sont habituellement considérés. Construction d'un modèle d'éva-
luation de la surface foliaire. Des programmes informatiques tels qu'Excel, SAS ou SPSS peuvent
être utilisés dans ce contexte. Brièvement, après qu'une feuille ait été placée sur du papier et pho-
tocopiée, un planimètre numérique ou un autre outil approprié peut être utilisé pour mesurer la sur-
face réelle de la feuille. La largeur de feuille (L) et la longueur (l) des feuilles échantillonnées peuvent
être mesurées par une simple règle. Ensuite, une analyse de régression des données peut être effec-
tuée indépendamment pour chaque génotype, espèce ou cultivar. L'analyse peut être conduite avec
divers sous-ensembles de variables indépendantes, par exemple, la largeur de feuille (L), la longueur
de feuille (l), L2, l2 et [l2 / L2] pour développer le meilleur modèle possible pour la prévision de la
surface foliaire. Des analyses de régression doivent être menées jusqu'à ce que la somme des carrés
des écarts soit réduite au minimum. Modèles d'évaluation de la surface foliaire, spécifiques à cer-
taines cultures. Dans notre étude, nous avons présenté des modèles de prévision de la surface
foliaire en se référant à la littérature en cours traitant de fruits tels que l'avocat, la banane, la mûre,
le cacao, la cerise, la châtaigne, le raisin, la goyave, le kiwi, la prune, la pêche, la pistache, l’airelle,
la groseille, la framboise, l'orange amère, la fraise, la noix de pécan et la mûre blanche. Avantages
et inconvénient des modèles d’évaluation de la surface foliaire. Quelques avantages et un
inconvénient des modèles d'évaluation de la surface foliaire sont présentés. Conclusion. Notre revue
montre que les modèles qui ont été formulés et qui seront développés à l'avenir pour certaines espè-
ces fruitières peuvent être utilisés avec sureté.
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1. Introduction

Leaf area is commonly evaluated in fruit
physiology experiments. Determination of
leaf area is an important criterion in under-
standing respiration, transpiration, photo-
synthesis, light interception, water and
nutrient use, flowering, fruit set, crop
growth, yield, and quality [1–20]. In addi-
tion, estimation of leaf number and whole
plant leaf area are important in terms of cul-
tural practices such as pruning, irrigation,
fertilization, etc. Leaf area is also needed for
assessments of vine [4, 21] and fruit growth,
evaluation of training and pruning systems,
and estimation of pest population densities
[19–23].

Leaf area can be determined by using
either instruments or prediction models. A
large number of methods, either destructive
or not, have been developed to measure leaf
area. Destructive methods, including tra-
cing, blueprinting, photographing, or using
a conventional planimeter, require the exci-
sion of leaves from the plants. Therefore, it
is impossible to make successive measure-
ments of the same leaf. Also, the plant
canopy is damaged, which might affect
other measurements or experiments [24].
Non-destructive methods, which do not
require the leaves to be detached, are useful
because they allow measurements to be
repeated during the plant’s growth period,
and reduce the variability associated with
destructive sampling procedures [25].
Recently, new instruments and laser optic
apparatuses have been developed for some
leaf area measurements [26–33]. However,
some of these devices are somewhat expen-
sive, time-consuming and complex [34,
35] for basic and simple studies. Some stu-
dies [36–39] mention that there are relatively
inexpensive hand scanners and some digital
imaging techniques available to measure the
leaf area. 

2. Construction of a model 
of leaf area estimation

In general, the development of an estima-
tion model of leaf area requires the meas-

urement of the actual area of each leaf and,
often, multiple regressions with length
and /or width, etc. Common parameters for
prediction equations are leaf length, leaf
width, petiole length, or some combination
of these variables [40]. 

Many studies have been carried out with
linear leaf measurements that are highly cor-
related with leaf area in fruit trees such as
grapevine [21, 41], apple [42], pear [42,
43], peach [44], strawberry [45], apricot
[43] and cherry [46]. Computer programs
such as Excel, SAS and SPSS may be used
in this process. For example, for a typical
method, each leaf should be placed on a
sheet of paper and be photocopied. Then,
to measure the actual leaf area, a digital pla-
nimeter or suitable tool may be used. The
leaf width (W) and length (L) of the leaves
sampled can be measured by a simple ruler.
After this, regression analysis of the data
may be performed separately for each geno-
type, species or cultivar. The analysis can be
conducted with various subsets of the inde-
pendent variables; for instance, leaf length,
leaf width, ‘leaf length’2 (L2), ‘leaf width’2

(W2) and the [L2 / W2] ratio to develop the
best model for predicting leaf area. Regres-
sion analyses should be carried out until the
deviation sum of squares is minimized.

To choose the best model, standard error,
coefficient of correlation (R2), probability
and F values of the proposed model are con-
sidered. In addition, representative leaf sam-
ples should be used to increase reliability of
the model. 

Samples consisting of leaves of different
sizes should be used to produce an accurate
leaf area estimation equation. Otherwise,
the equation will probably be unreliable.
For example, when we produced an estima-
tion model for the peach [44], we saw that
our equation yielded a mistaken result for
small leaves; after we reconstructed our
model by examining more smaller leaves,
accuracy of the model increased [44]. As
measurement of the leaf area of plants such
as grapevine is more complicated than for
plants such as the peach tree, more samples
are therefore required to produce an accu-
rate model. Ackley et al. [47] also noted cal-
culations of the minimum number of leaves
to provide a reliable linear measurement to
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area conversion modeling equation. So, any
proposed model should be validated with
independent data before being used for
experiments.

The use of a validated estimation model
of leaf area is straightforward and saves
time. However, developing a new leaf area
model can be time-consuming, lasting for
up to three months. For example, a large
number of leaf samples of varying sizes can
be collected, either from an orchard at dif-
ferent periods or, when leaves reach the
desired size, from an orchard at one time. 

3. Leaf area estimation models 
for specific fruit crops

Several leaf area prediction models have
been produced in previous studies for fruit
species such as avocado [48], banana [8],
blackberry [48], cacao [49], cherry [46, 50,
51], chestnut [52], grape [22, 48, 53], guava
[17], kiwifruit [54], lotus plum [48], peach
[44], pistachio [55], rabbiteye blueberry [56],
red currant [48], red raspberry [48], sour
orange [18], strawberry [45, 57], pecan
[16] and white mulberry [58] (table I).

4. Advantages and disadvantage 
of the estimation models of leaf 
area

Models to predict leaf area non-destruc-
tively can provide researchers with many
advantages in horticultural experiments.
The most important advantages are as fol-
lows:

1. The models enable researchers to meas-
ure leaf area on the same plants during plant
growth. The equations allow estimations of
leaf growth from bud burst to leaf fall, and
they reduce variability since the same leaf
is used during the experiment. In addition,
destructive leaf area measurements are not
possible in many investigations. The use of
equations eliminates the need for the
detachment of leaves from plants. 

2. Reliable models eliminate the need for
expensive leaf area meters and labor. 

3. Leaf area measurement is easy and quick
if a reliable equation is obtained or chosen,
thereby saving time.

4. In leaf measurements, consistent results
are obtained by reliable equations, although
non-consistent results may be obtained by
a planimeter, depending upon hand manip-
ulation. 

5. Use of the modeling equations costs noth-
ing. 

In addition, Reynolds [49] suggested that,
in nutritional studies of young cacao cut-
tings, it became necessary to develop a rapid
method for estimating leaf area. Ramkhe-
lawan and Brathwaite [18] stated that, in
weed control investigations involving con-
tainer-grown sour orange rootstocks, it
became necessary to estimate leaf area by
a non-destructive method. Kobayashi
[17] indicated that a rapid non-destructive
method for estimating the leaf area of the
guava in the field would be useful.

A considerable disadvantage of non-des-
tructive methods is that, if the equation is
unreliable, incorrect results may be obtai-
ned. To prevent this, leaf samples must be
taken at different times and chosen at diffe-
rent sizes while an equation of the leaf area
estimation is constructed. In addition, the
equation should be tested or evaluated for
each leaf at different sizes. Moreover, the
obtained equation must be validated by
other leaf samples before it is used in any
experiment.

5. Conclusion

Nowadays, computer technology and math-
ematical modeling are progressing rapidly.
These, and other developments, have
advanced well. The developments have
facilitated and accelerated our scientific
studies. Therefore, benefiting from the
opportunities is useful and necessary. This
study is a mini-review that presents some
leaf area estimation models with informa-
tion regarding the advantages and disadvan-
tage of their usage. Moreover, it gives sug-
gestions about how an accurate
mathematical model may be constructed.
Most importantly, this mini-review shows
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Table I.
The leaf area estimation models of some fruit species [LA: leaf area (cm2), W: leaf width (cm), L: leaf length (cm)].
Validation means comparison of actual and predicted leaf area values.

Species Cultivara Best model obtained for the leaf area R2 Validated
in the same study

Reference

Avocado General – 50.63 – 1,353 L/W + 5.347 W + 0.6 W2 + 5.489 L 0.983 No [48]

Banana Ardhapuri – 0.0334 + 0.8402 LW 0.960 No [8]

Basrai  0.0266 + 0.7629 LW 0.980 No [8]

Blackberryb General – 148.65 – 35.85 LLL + 31.89 ULL + 29.72 LLL 0.988 No [48]

Cacao General log LA = – 0.632 + 1.987 log L
log LA = 0.283 + 2.054 log W

0.998
0.996

No [49]

Sweet cherry General 6,84 – 2,36 L + 0,14 L2– 0,016 WL2 + 0,84 WL 0.981 Yes [50]

General 0.6612 LW 0.993 No [46]

Lambert – 21.73 + 2.59 W + 4.76 L – 0.23 L2 + 0.034 WL2 – 0.004 L2 0.996 Yes [51]

0900 Ziraat – 21.37 + 2.59 W + 4.76 L – 0.23 L2 + 0.034 WL2 – 0.006 L2 0.996 Yes [51]

Van – 21.01 + 2.59 W + 4.76 L – 0.23 L2 + 0.034 WL2 – 0.008 L2 0.996 Yes [51]

Bing – 20.65 + 2.59 W + 4.76 L – 0.23 L2 + 0.034 WL2 – 0.001 L2 0.996 Yes [51]

Stella – 19.93 + 2.59 W + 4.76 L – 0.23 L2 + 0.034 WL2 – 0.014 L2 0.996 Yes [51]

Chestnutc General 3.36 + 0.11 L2 – 0.26 [L2/W2] + 1.1 W2 0.988 Yes [52]

Grape Niagara 0.637 W1.995 0.982 No [53]

DeChaunac 0.672 W1.963 0.963 No [53]

Concordd – 3.01 + 0.85 WL,
– 1.41 + 0.527 W2 + 0.254 L2

0.984
0.988

No [22]

Isabella – 114.43 – 58.48 L/W + 0.651 W2 + 210.86 [L/W] 0.986 Yes [59] [48]

Narince – 114.43 – 65.79 L/W + 0.651 W2 + 210.86 [L/W] 0.986 Yes [59] [48]

Guava General 16.44 – 3.11 L + 0.58 L2 0.961 No [17]

Hazelnut General 2.59 + 0.74 LW 0.982 Yes [60]

Kiwifruit General – 50.63 – 5.412 [L/W] + 5.347 W + 0.24 W2 + 5.489 L, 0.983 Yes, [53] [48,53]

0.82L W – 0.28, 0.983 No [53]

Lotus plum General – 50.63 – 2.706 [L/W] + 5.34 7W + 0.12 W2 + 5.489 L 0.983 No [48]

Peach General – 0.5 + 0.23 [L/W] + 0.67 LW 0.998 Yes [44]

Pistachio P.khinjuk subsp. 
populifolia

– 0.13 + 0.79 Σn
1 WL 0.980 No [55]

P. khinjuk subsp. oblonga – 0.406 + 0.68 Σn
1 WL 0.960 No [55]

P. mutica subsp. capulica – 0.13 + 0.79 Σn
1 WL 0.980 No [55]

Rabbiteye blueberry General 0.31 + 0.62 LW 0.950 No [56]

Red currant General – 114.43 – 73.1 [L/W] + 0.651 W2 + 210.86 [L/W] 0.986 No [48]

Red raspberryb Rubin – 148.65 – 33.46 LLL + 29.764 ULL + 29.72 LLL 0.988 No [48]

Sour oranged General 9.96 W – 14.95
0.79 + 1.45 W2

0.890
0.930

No [18]

Strawberry General 1.89 + 2.145 × (upper lobe length) × (left lobe width) 0.993 Yes [45]

Generale 165.91 x – 2716.35
or 161.03 x1 – 2121.8

0.951 No [57]

Stuart pecan General log LA (for leaflet) = – 0.3088 + 1.6990 log (midrib length) 0.993 No [16]

White mulberry General – 89.31 + 17.92 × (leaf breadth)
and – 2.12 + 0.68 × (length × width)

0.900
0.960

No [58]

a General: for all cultivars belonging to the species.
b LLL: (lower leaflet length), ULL: (upper leaf lobe length).
c leaf width was measured at the halfway point of leaf length, and leaf length was measured from the lamina tip to the point of petiole 
intersection along the midrib.
d W: (maximum leaf width), L: (length of the leaf midvein).
e x is the width of the top of the leaflet and x1 is the width of the side of the leaflet.
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that the models produced in previous stud-
ies for fruit species can be reliably used.
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Evaluación no destructiva de la superficie foliar de ciertas especies fruteras
con la ayuda de modelos. 

Resumen –– Introducción. Con el fin de estudiar el crecimiento y el desarrollo de árboles
frutales se emplean generalmente medidas de la superficie foliar. Dichas medidas pueden
emplear instrumentos de precisión y ser destructivas y/o emplear modelos que permitan la
evaluación de la superficie foliar y ser de este modo no destructivas. Para este tipo de mode-
los se consideran habitualmente ciertos parámetros de la hoja como la longitud y la anchura
de las hojas. Construcción de un modelo de evaluación de la superficie foliar. Se pue-
den emplear en este contexto programas informáticos como por ejemplo Excel, SAS o SPSS.
En pocas palabras, después de que la hoja se haya colocado encima de papel y se haya foto-
copiado se puede emplear un planímetro numérico u otro instrumento apropiado para medir
la superficie real de la hoja. La anchura de la hoja (L) y la longitud (l) de las hojas muestrea-
das pueden medirse con una regla convencional. Seguidamente se puede llevar a cabo inde-
pendientemente un análisis de regresión de los datos para cada genotipo, especie o cultivar.
Se puede efectuar el análisis con diversos sub-conjuntos de variables independientes, por
ejemplo, la anchura de la hoja (L), la longitud de hoja (l), L2, l2 y [l2 / L2] para desarrollar así
el mejor modelo posible para la previsión de la superficie foliar. Se deben ejecutar análisis de
regresión hasta que la suma de los cuadrados de las separaciones se reduzca al mínimo.
Modelos de evaluación de la superficie foliar, específicos a ciertos cultivos. En nuestro
estudio, presentamos modelos de previsión de la superficie foliar con referencia a la literatura
en curso que trata de frutos como el aguacate, el plátano, la mora, el cacao, la cereza, la cas-
taña, el arándano, la grosella, la frambuesa, la naranja amarga, la fresa, la pecana, y la mora
blanca. Ventajas e inconveniente de los modelos de evaluación de la superficie foliar.
Se presentaron ciertas ventajas y un inconveniente de los modelos de evaluación de la super-
ficie foliar. Conclusión. Nuestro informe muestra que se pueden utilizar con seguridad los
modelos que se formularon y que se desarrollarán en el futuro para ciertas especies fruteras. 
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