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ABSTRACT  -  The object ive  of this  s tudy was to determine equat ions  of the type y  = a  + bx,  
where y  = leaf area  (A)  and x  = leaf length (L)  × width (W),  a l lowing the leaf area to  be 
es t imated from L and W in  nine species  adapted to the Brazi l ian Semi-Arid Region.  One 
hundred leaves  were col lected from the  middle th ird por tion of the  canopy of several  plants  
of species  with s imple  leaves (Auxemma oncocalyx ,  Ao; Bauhinia fort icata ,  Bf;  Combretum 
leprosum ,  Cl)  and of species  wi th compound leaves:  Azadirachta indica  (Ai) ,  Caesalpinia  
bracteosa  (Cb),  Leucaena leucocephala (Ll) ,  Mimosa caesalpini i fol ia  (Mc),  Schinus 
terebenthi fol ius  (St) ,  and Tamarindus  indica  (Ti) .   In species  wi th compound leaves ,  leaf 
length,  width,  and area were measured on the in tact  leaf (wi thout  detached leafle ts)  and on 
detached leafle ts .  The intercept  coeffic ient  was  s ignificant  in  Ao and Bf,  and non-significant ,  
with  intact  leaves ,  in  Ai ,  Cb,  St ,  and Ti .  All  s lope coeffic ients  were  different  from zero,  but  
only  in Mc those  coeffic ients  were not  different  from one another ,  when the  equat ions  were 
fi t ted from intact  leaves  or  detached leaflets .  The coeffic ient  of  determinat ion in  s imple- leaf  
species  var ied from 0.85 to 0 .97,  while  in  compound-leaf species ,  the corresponding varia t ion 
was  between 0.28 and 0.93,  indicat ing that  the leaf area  var ia t ion expla ined by the regress ion 
is  greater  in  s imple- leaf species .  In most  compound-leaf species ,  the coefficient  of  
determinat ion value was  higher  when est imat ion was done from intact  leaves,  except  in  St .  
 
Key words:  leaf length,  leaf width,  regress ion 
 

EQUAÇÕES PARA ESTIMAÇÃO DA ÁREA FOLIAR DE ALGUMAS 
ESPÉCIES ADAPTADAS AO SEMI-ÁRIDO BRASILEIRO 

 
RESUMO  – O obje t ivo deste  es tudo foi  determinar  equações  do t ipo y  = a  + bx,  onde y  = área 
fol iar  e  x = comprimento da folha (C)  x  largura da  folha (L),  que permitam a es t imação da  
area fol iar ,  a  par t i r  de  C e  L,  em nove espécies  adaptadas  à  região Semi-Árida  brasi leira.  Cem 
folhas  foram coletadas do terço mediano da copa de diversas árvores de  espécies  de folhas  
s imples (Auxemma oncocalyx ,  Ao; Bauhinia for t icata ,  Bf;  Combretum leprosum ,  Cl)  e  de  
espécies  com folhas  compostas :  Azadirachta indica  (Ai) ,  Caesalpinia  bracteosa  (Cb),  
Leucaena leucocephala (Ll) ,  Mimosa caesalpini i fol ia  (Mc),  Schinus  terebenthi fol ius  (St) ,  and 
Tamarindus indica  (Ti) .   Nas  espécies  com folhas  compostas ,  C,  L e  A foram medidos  em 
folhas  intactas  (sem fol ío los  des tacados)  e  nos fol íolos  des tacados.  O coeficiente l inear  foi  
s ignifica t ivo em Ao e  Bf,  e  não s ignifica t ivo,  com folhas  intactas  em Ai,  Cb,  St ,  e  Ti .  Todos 
os  coefic ientes  angulares  foram dife rentes  de zero,  mas somente  em Mc esses  coeficientes  não 
difer iram entre  s i ,  quando as  equações  foram ajus tadas  a  par t ir  de  folhas  intactas  e  a  par t ir  de 
fol ío los  destacados.  O coefic iente  de determinação nas espécies  de folhas  s imples  var iou de  
0,85 to 0,97,   enquanto  em folhas  compostas  a  variação correspondente foi  de 0,28 a  0,93,  
indicando que a  var iação na  área  fol iar  expl icada pela  regressão é  maior  em espécies  de 
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folhas  s imples.  Na maior ia  das  espécies  de folhas  compostas  o coeficiente  de determinação 
foi  maior  quando a es t imação foi  fei ta  a  par t ir  de folhas  in tactas ,  exceto em ST.  
 
Palavras-chave:  comprimento da  folha,  largura da folha ,  regressão.  
 
INTRODUCTION 
 

The semi-ar id  region of  
Northeastern Brazi l  covers  an es t imated area 
of 6 to  9 x 10 5  km2,  which represents  near ly  
10 % of the  Brazi l ian terr i tory .  The main  
vegeta t ion type is  decidous  thorn fores t  or  
thor  bush savanna know as  Caat inga 
(SAMPAIO et  al . ,  1995).  Despite  i ts  
importance for  mankind,  the  Caat inga region 
of Brazi l  i s  ser iously  threatened by  
deser t i f icat ion,  a t  the same t ime that  an 
increase  in product ivi ty  is  required to  
provide suppor t  to  a  growing popula t ion in  
search of development .  The reasons for  the  
deser t i f icat ion of the  Caat inga are  not  
different  from those  normally  found in other  
areas of the  world (CERVANTES et  a l . ,  
1998).  Almost  a lways they  are the  resul t  of  
inadequate ut i l izat ion of  resources,  
inappropr iate  pract ices  in the use of  
resources ,  and,  par t icular ly,  shor ts ighted 
models  for  regional  development  (BRASIL,  
2001).  Fores t  resources are  usual ly the  fi rs t  
to  be exploi ted,  because their  products  
provide important  income supplementat ion,  
and are also  a  source of pr imary energy.  
Consequently,  there  is  interes t  in  evaluat ing 
the  behavior  of nat ive  species  a iming  at  
refores tat ion projects,  the  adopt ion of  
agrofores try  sys tems,  and even the  
cul t ivat ion of these species  to  preserve the 
Caat inga.  I t  is  interest ing to include exotic  
species  adapted to  the Caat inga in th is  
evaluat ion,  s ince  some of  these species  offer  
products  that  are  not  found in nat ive species,  
such as  neem,  which is  generat ing great  
interes t  among growers,  researchers ,  and 
landscapers  in  the Brazi l ian nor theast .   

Several  papers  have been 
conducted in order  to es t imate  
character is t ics  that  are  hard to evaluate,  
based on characters  that  are  easier  to be  
measured.  Among these  s tudies ,  the most  
frequent  are  probably those in tended to  
es t imate  leaf area.  This  cer ta inly  s tems from 
the  fact  that  leaf area  est imat ion is  so  
important  in  agronomic and physiological  
s tudies .  Leaf area  determinat ion is  an  
essent ial  par t  of classica l  growth analyses 

and is  necessary  in many physiological  
s tudies  (FONTES et  a l . ,  2005) .  Leaf area is  
an  indicator  of the photosynthet ic  capaci ty 
of plants ,  and i ts  determinat ion is  important  
in  nutr i t ion,  intraspecific  and interspecific  
compet i t ion (RAJCAN; SWANTON, 2001)  
and soi l-water-plant  relat ions s tudies  
(BENICASA et a l . ,  1976).   

A large number  of methods ,  e i ther  
destruct ive  or  not ,  have been developed to 
measure leaf  area.  Non-destruct ive methods ,  
i . e . ,  methods  that  do not  require  the  leaves  
to be  detached,  are  in teres t ing in  that  they 
al low measurements  to be repeated dur ing 
the  plant’s  growth per iod,  and reduce the 
var iabi l i ty  associated with des truct ive  
sampl ing procedures.  Automatic  non-
destruct ive  leaf area  measur ing devices do 
exis t ,  but  their  pr ice  is  even higher  than the 
automatic  des truct ive measur ing machines .  
For  this  reason,  many researchers  have 
developed other  non-dest ruct ive  methods  for  
leaf area  es t imation (see  references in 
SILVA et  a l . ,  2000)  in  major  crops ,  
vegetables ,  frui t  t rees ,  ornamental  p lants ,  
and even weeds.  The most  frequent ly  used 
indirect  method is  one which t r ies  to  
es tabl ish  regression equat ions  between the 
leaf area and l inear  leaf measurements ,  
usual ly  the maximum length and width.  In 
other  words,  in a  leaf sample,  leaf area  is  
determined by some precise mechanism.  
Length and width are  measured on the  same 
leaves .  Equat ions  of the  type y  = a  + bx are  
then establ ished,  where  y  is  the es t imated 
leaf area and x  is  the  product  of  length by 
width.  The equat ions are  then used in 
subsequent  samples .  This  method is  adopted 
by many researchers (see references in 
KOBAYASHI,  1988)  and s t i l l  shows recent  
interest  for  many groups  of crops (CHO  e t  
a l . ,  2007;  MONTEIRO et  a l . ,  2005;  PINTO et  
al . ,  2004).   

The object ive of this  s tudy  was to 
determine equat ions of the  type y  = a + bx 
that  wil l  a l low leaf a rea  to be es t imated 
based on leaf length and width in  nine  
species adapted to the Brazi l ian Semi-Arid 
Region.   
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MATERIAL AND METHODS 
 

One hundred leaves  were  col lec ted 
from the  middle  third  of the canopy of 
several  p lants  of the  fol lowing species:  pau-
branco (Auxemma oncocalyx  (Allemao)  
Taub. ) ,  neem (Azadirachta indica  A.  Juss .) ,  
mororó (Bauhinia fort icata  Link.) ,  
ca t ingueira (Caesalpinia bracteosa  Tul . ) ,  
mofumbo (Combretum leprosum  Mart .) ,  
white  popinac (Leucaena leucocephala  Lam.  
de Wit) ,  sabiá  (Mimosa caesalpini i fol ia  
Benth.) ,  pink pepper  (Schinus  
terebenthi fol ius  Raddi) ,  and tamarind  
(Tamarindus  indica  L .) .  Mororó,  mofumbo,  
and pau-branco have s imple  leaves ,  while  the 
other  species  have compound leaves.  The 
leaves were  obta ined from plants  at  the  
Exper imental  Farm ( la t i tude 5°  11’S,  
longi tude 37° 20’W, elevat ion 18 m).  The 
plants  se lected for  leaf col lec t ion seemed to  
be free from diseases  or  the  a t tack of pests .  
The leaves  were  harvested haphazardly,  that  
is ,  col lec tions were made at  random,  
however  without  the use  of drawing 
mechanisms.   

Leaf length  and width were 
determined wi th a  ruler .  The dis tance  
between the  inser t ion point  of the  pet iole  
into  the leaf  b lade and the opposi te  end of  
the  leaf was taken as  leaf length.  The largest  
dimension perpendicular  to  the  length axis  
was  measured as  leaf width.  Leaf  area  was 
determined with  a  LI-COR model  3100 
measur ing device (LI-COR,  Inc.  Lincoln,  
Nebraska,  USA).  In species  with compound 
leaves,  leaf  length,  width,  and area  were  
measured on the leaf without  detached 
leafle ts  and on detached leafle ts .  In other  
words,  in these species ,  leaf area  was 
determined in two different  manners ,  us ing 
the  device  to  measure the  intact  leaf,  that  i s ,  
with  the  leafle ts  a t tached,  and the  leafle ts  
detached from the  same leaf .  

 The analyses of var iance  and 
regression analyses  were performed 
according to Zar  (1999)  us ing the Table 
Curve software  (JANDEL SCIENTIFIC,  
1991).   

 
RESULTS AND DISCUSSION 
 

In  some cases ,  the  intercept  
coeffic ient  was  not  s ignificant  (Table  1) .  
This  occurred in s imple- leaf species  (one out  

of three  cases) ,  but  was  more  frequent  in  
compound-leaf species  ( four  out  of  s ix  
cases) .  In compound leaves ,  the in tercept  
coeffic ient  was  equal  to  zero,  in  general ,  in  
equat ions f i t ted based on intact  leaves.   In 
those  cases ,  the a  va lue  was  discarded and a  
new equat ion was fi t ted  containing only  the 
s lope coeffic ient  value (b) .  S imilar  
procedures have been adopted by other  
authors  (Si lva  et  a l . ,  2000).   The adoption of  
equat ions  of the type y = bx,  where  x is  the 
product  of leaf blade length  by leaf width,  is  
obviously  more pract ica l  than using 
equat ions of the type y  = a  + bx.  

All  s lope coeffic ients  were  different  
from zero,  but  only in Mimosa 
caesalpini i fol ia  those coeffic ients  were not 
different  from one another ,  when the 
equat ions  were  fi t ted  from intact  leaves or  
detached leaflets .  That i s ,  in  most  cases ,  the 
equat ions obtained from intact  leaves and 
from detached leafle ts  of  a  g iven species  
were different .   I t  is  l ikely  that  some of  
these di fferences  were  caused by leafle t  
over lapping when the area of compound 
leaves  was measured,  or  that  the  device 
“reads”  the area of a  compound leaf as  i f  i t  
were a  s imple  leaf.  This  probably  occurs  
mainly  in species  wi th a  large  number  of  
small  leafle ts ,  a l though the equat ions  were 
different  in  Caesalpinia bracteosa  but  not  in  
M. caesalpini i fol ia ,  both  wi th four  leafle ts ,  
a lbei t  the leaflets  in  the second species  are  
larger .  Therefore,  the leaf area  es t imation 
method,  as  ver if ied in the present  s tudy and 
by other  authors  (Si lva  et  a l . ,  2000),  and 
other  factors ,  such as  the  crop’s  
developmental  s tage and the environment  
where cul t ivars  are  evaluated (ROBINS; 
PHARR,  1987)  may influence the equat ion 
obtained.  Similar  di fferences were  ver if ied  
between saffron cul t ivars  (Carthamus 
t inctorius  L.)  (Sepaskhah,  1977)  and between 
Zinnia  species  (Pinto et  a l . ,  2004).  In those 
cases,  i t  has  been suggested that  the same 
equat ion should not  be  used for  leaf area 
es t imation in  the  genotypes  s tudied,  because  
of di fferences  between the  regress ion 
coeffic ients  obta ined (SEPASKHAH, 1977;  
PINTO et a l . ,  2004).   
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Table 1 – Mean number of leaflets, length, width, and leaf blade area of intact leaves and detached leaflets (in the case of compound leaves), estimates of the a 
and b parameters of the equation y = a + bx, where x = L.W and y = A, and coefficients of determination of some species adapted to the Semi-Arid Region of 
Brazil1 

 
Means Species Material 

measured 
Mean number of 

leaflets Length (L, cm) Width (W, cm) Area (A, cm2) 
a b R2 

Auxemma oncocalyx Leaf - 19.3 5.8 71.4   4.06 0.58 0.97 
Bauhinia forticata  Leaf - 3.7 10.4 70.0   6.78 1.64 0.85 
Combretum leprosum  Leaf - 9.4 6.9 66.1   0.00 0.74 0.94 

Leaf  18 35.5 14.6       153.6   0.00   0.29 a 0.81 Azadirachta indica 
Leaflets - 6.9 2.0 8.6 21.11   0.26 b 0.75 
Leaf 4 16.8 15.1 97.2   0.00   0.37 a 0.81 Caesalpinia bracteosa 
Leaflets - 8.9 4.9 26.0   0.00   0.39 b 0.79 
Leaf  13 26.6 16.5 102.0 34.88  0.15 a 0.47 Leucaena leucocephala  
Leaflets - 9.3 1.8    6.7 47.54  0.09 b 0.28 
Leaf 4 20.2 15.2 164.9 34.81  0.42 a 0.70 Mimosa caesalpiniifolia  
Leaflets - 10.0 7.4  44.6 42.87  0.43 a 0.69 
Leaf  11 19.0 11.2 123.1   0.00  0.57 a 0.49 Schinus terebenthifolius  
Leaflets - 5.3 2.7 11.7 24.85  0.49 b 0.56 
Leaf  23 10.8 3.9 27.6   0.00  0.63 a 0.93 Tamarindus indica  
Leaflets - 1.6 0.6 0.8 -2.45  0.66 b 0.85 

1All non-null coefficients were significant at 5% probability by the t test 
2 In the same species, values followed by the same letter do not differ at 5% probability by the t test 
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The coeffic ient  of determinat ion in  
s imple- leaf species  varied from 0.85 to 0.97,  
while  in  compound-leaf species,  the 
corresponding variat ion was between 0.28 
and 0.93,  indicat ing that  the leaf area 
var iat ion expla ined by the  regress ion is  
greater  in  s imple- leaf species.  In most  
compound-leaf species ,  the R 2  value was  
higher  when es t imation was done from intact  
leaves.  Therefore ,  i t  is  more comfor table  and 
convenient  to  use intact  leaves  to es t imate  
leaf area in these species .  Values  with 
s imilar  magnitude have been obta ined by  
other  authors  (SILVA et al . ,  2000;  PINTO et  
a l . ,  2004),  but  values ranging between 0.20 
and 0.48 have been obtained in lychee 
(Nephelium l i tchi  Lamk. )  (RAY et  al . ,  1992) .  
The magnitude of  the R 2  va lues seems to be  
dependent  upon several  fac tors ,  among which  
are  the  species  and method used for  leaf area 
es t imation (MIELKE et  a l . ,  1995),  the  
character is t ic  included in the model  (RAY et  
a l . ,  1992)  and obviously,  the  model  i tse lf .  
 
 
CONCLUSIONS 
 

The intercept  coeffic ient  was  
s ignificant  in  Auxemma oncocalyx  and 
Bauhinia fort icata ,  and non-significant ,  with  
intact  leaves,  in  Azadirachta indica ,  
Caesalpinia bracteosa ,  Schinus  
terebenthi fol ius ,  and Tamarindus  indica .  Al l  
s lope coefficients  were different  from zero,  
but  only  in Mimosa caesalpini i fol ia  those 
coeffic ients  were  not  d ifferent  f rom one  
another ,  when the equat ions  were  fi t ted from 
intact  leaves or  detached leafle ts .  The 
coeffic ient  of determinat ion in  s imple- leaf  
species  varied from 0.85 to  0.97,  while  in  
compound-leaf species ,  the corresponding 
var iat ion was between 0.28 and 0.93,  
indicat ing that  the leaf area varia t ion  
explained by the  regress ion is  greater  in  
s imple- leaf species .  In  most  compound-leaf  
species ,  the  coeffic ient  of dete rminat ion  
value was higher  when es t imation was done 
from intact  leaves,  except  in  Schinus  
terebenthi fol ius .  
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