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ABSTRACT 

 Modeling plant growth allows investigator to test hypotheses and carry out virtual experiments 
concerning plant growth processes that could otherwise take years under field conditions. Leaf area 
measurements are required in several agronomical and physiological studies. Usually, there is an 
interest for measurement methods that are simple, quick and that will not destroy the leaf. The 
objective of the present study was to establish equations to estimate leaf area (LA) by using length 
(L) and width (W) of grapevine leaves. A two years pot experiment was conducted using hard-wood 
cuttings of four Iranian table grape varieties (Asgari, Keshmeshi, Shahroodi and Khalili). The length 
and maximum width of all leaves were measured at four stages (0, 30, 60 and 90 days after 
transplanting). The outline of leaves was traced out on a graph paper which had a uniform 
distribution with area. The leaf shape area of three approximately average size leaves from each 
cutting was measured by a digital area meter. At each stage the predictive abilities of three 
regression equations (polynomial) were compared. Our data indicate that it is possible to save time 
and expenses for determining total leaf area of grapevine cuttings by measuring leaves length and 
width. As a model, it would be beneficial to plant research laboratories specially where there is lack 
of related equipments. Both two-variable models [LA = a + b (L×W) + c(L×W)

2
 (R

2
 = 0.926) or LA

 
= a + 

b(L+W) + c(L+W)
2
 (R

2
 = 0.920)] were found suitable for estimating LA in studied table grape varieties, 

where LA = leaf area, L = length of the leaf midvein and W = maximum
 
leaf width.  

 
Key words: non-destructive model, leaf area, length, width, grape plant  
 
INTRODUCTION  

Simple, accurate and non-destructive 
models to determine plant leaf area are considered 
to be valuable in many experimental comparisons. 
Determining the individual leaf area (LA) of 
grapevines involves the measurement of leaf 
parameters such as leaf length (L) and width (W), 
or combinations of both parameters. 

Estimation of leaf area is an essential 
component of plant growth analysis as well as 
evapotranspirational studies. Leaf area is 
important for crop light interception and therefore 
has a large influence on growth (Boote et al., 
1988), transpiration (Enoch and Hurd 1979) and 
growth rate (Leith et al. 1986). Leaf area 
production is essential for energy transference and 
dry matter accumulation processes in crop 
canopies (Jonckheere et al. 2004). It is also useful 
in the analysis of canopy architecture as it allows 
determination of leaf area index, which is 
important for light interception, radiation use 
efficiency, plant growth, etc. However, 
measurement of LA of all the leaves of any single 
plant is not only time consuming but also involves a  

 
large amount of labor. But, one cannot do away 
without measuring LA because such estimation is 
an essential part of plant growth analysis. Although 
many methods are available for LA measurements, 
the use of LA as a variable in plant growth analysis 
and physiological studies is limited due to the time 
consuming and laborious methods involved in its 
measurement. Despite the fact that, sophisticated 
electronic instruments provide accurate and fast 
LA measurement, it is still expensive, especially in 
developing countries. Hence, emerging 
economically cheaper and technically easier but 
sounder methods are needed for LA measurement 
(Korva and Forbes 1997; Bhatt and Chanda 2003). 
Montgomery (1911) first suggested that LA of a 
plant can be calculated from linear measurement 
of leaves using a general relationship; A=b×I×W 
where A, I, and W are area, length and width 
respectively and b is a coefficient. Such a 
mathematical equation for estimating leaf area 
reduces sampling effort and cost and may increase 
precision where sample of leaf size is difficult to 
handle (Bhatt and Chanda 2003).  



                                                                                                         116                                                                   http://www.jsrr.in 

                                                                                 Eftekhari et al.                                           ISSN: 2249-2321 (Print)

Literature review revealed that there are a number 
of prediction equations for LA measurement of 
several crops which are presented in Table 1. 
However, there is no prediction equation for 
Iranian grapes with regard to estimation of leaf 
area through non-destructive method. Therefore, 
in the present investigation an attempt has been 
made to develop a prediction equation which is 
simple, accurate and time saving procedure.  
 
MATERIALS AND METHODS 
Data collection and model development 
Four Iranian grape (Vitis vinifera L.) varieties 
including Asgari, Keshmeshi, Shahroodi and Khalili 
were studied to develop a LA prediction model. 
The experiment was conducted in Gorgan, 
northern part of Iran (Latitude: N 37°00' to 37°30' 
and Longitude: E 54°00' to 54°30'). The ecoclimatic 
status of Gorgan is moderate and humid. The 
present investigation was carried out on plantlets 
raised from hard-wood cuttings transplanted in 8 L 
plastic pots containing leaf mold + fine sand (1:1). 
The length and maximum width of all leaves were 
measured at four stages (0, 30, 60 and 90 days 
after transplanting) with the help of a common 
measuring tape. Leaf length (L) was measured from 
lamina tip to the point of intersection of the lamina 
and the petiole, along the midrib of the lamina 
while leaf width (W) was measured from end-to-
end between the widest lobes of the lamina 
perpendicular to the lamina midrib (Fig. 1). The 
outline of three approximately average size leaves 
from each cutting was traced out on a graph paper. 
The leaf shape was cut out from the graph paper 
and its area was then measured by a digital area 
meter (DELTA-T, Co. Durham, UK). Mean, standard 
deviations, minimum and maximum values of the 
leaf L, W, L+W, L×W and LA for each stage  

and pooled data are shown in Table 2. This work 
examined the relationship between leaf area and 
length and width dimensions in an attempt to 
identify appropriate functions for use in models 
estimating total leaf area of table grape cuttings. 
The relationship between leaf area as a dependent 
variable and L, W, L+W and L×W as independent 
variables was determined using regression analysis 
on data recorded from 2160 leaves.  

The data on L, W, L×W and L+W of traced 
leaves and their corresponding leaf area of all the 
four treatments were fitted together to a linear 
regression equation Y=a + bX, where Y represents 
the leaf area and X either L, W, L×W or L+W (Table 
3 and Fig. 2). 

The linear (Y = a + bX) and polynomial (Y = 
a + bX + cX2) model equations were developed 
through Microsoft Excel worksheet, where y is the 
measured leaf area (cm2), ‘a’ is the intercept, ‘b’ is 
the slope, ‘c’ is the constant and ‘X’ is the 
independent variable. The estimated leaf area was 
determined by fitting the equations. Then 
estimated and measured leaf areas were compared 
by testing the significance of regression equation 
and degree of goodness of fit (R2) between 
estimated and observed values. The final model to 
estimate leaf area was selected based on the 
combination of the highest R2 and the lowest root 
mean square error (RMSE) and root mean relative 
mean absolute error (RMAE), lowest bias of linear 
regressed line between observed versus predicted 
values from the 1:1 line and lowest coefficient of 
variance (CV) were determined using the following 
formulas. ‘a’ and ‘b’ (as intercept and slope values 
of linear regression between observed versus 
predicted values of leaf area) were compared with 
zero and 1.  

 

              

                                                                   
Model validation 
To validate the developed models about 400 leaves 
of all varieties were taken one year later. The LA 
estimated by regression model 3 and 4, were 
corresponded and highly fitted with the measured 
values, comprising R2 = 0.985 and 0.988, 
respectively (Fig. 3, No. 3 and 4). Actual leaf area, 
leaf length and width were determined by the 

previously described procedures. Leaf area of 
individual leaves was predicted using four selected 
models and was compared with the actual leaf 
area. The slope and intercept of the models were 
tested to see if they were significantly different 
from the slope and intercept of the 1:1 
correspondence line (Dent and Blackie 1979).  
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Regression analyses were conducted using the SAS 
software (SAS Institute 1992). 
 
RESULTS AND DISCUSSION  
 
Various mathematical models for indirect 
estimation of leaf area of different plant species 
have been described. The outcomes of the present 
study were in agreement with some of the 
previous studies mentioned in Table 1 with respect 
to developing a non-destructive model, predicting 
LA using simple linear leaf measurements. 
Different prediction equations obtained for  
 

 
estimating the LA of grapevine involving different 
independent variables, viz., L, W, L+W, L×W were 
formulated for estimating leaf area by using 
different equations (Fig. 2). The equations with 
lower R2 and higher CV were eliminated at the 
beginning of this study. This was done by pooled 
data using the previously described procedures 
(Table 3). The equation No.4 [Y= a + b(L×W)+ 
c(L×W)2] had a higher R2 value (0.926) with a lower 
root mean square error (RMSE = 6.28) and lower 
CV (17.8%) as compared to other equations. When 
this equation was tested the best LA estimation 
could be achieved. 

Table 1. Models developed for estimating leaf area by measurement of leaf length and width or 

just one of them in different crops 
Source  developed  model Crop  Variable  

Potdar and Pawar 1990 
 
Serdar and Demirsory 2006 
Kumar and Sharma 2010 
Bhatt and Chanda 2003 
 
Yeol Cho 2007 
Blanco 2005 
Peksen 2007 
Kandiannan et al. 2009 
 Elsner and  Jubb. JR. 1988 
 
Tsialtas et al. 2008 
Kathirvelan and Kalaiselvan 
2007 
Cristofori et al. 2007 
Gyve et al. 2007 
Karimi et al. 2009 
 
Silva et al. 2008 
Rouphael 2010 
Kumar 2009 
Queiroga 2003 
Bakhshandeh et al. 2010 
 
Tsialtas and Maslaris 2007 
 
Tsialtas and Maslaris 2008 
Rouphael et al.2007 
Mokhtarpour et al. 2010 

LA = 0.0334 + 0.8402 (L×W) 
LA = 0.0266 + 0.7629 (L×W) 
LA = 3.36 + 0.11L2 – 0.26 (L2/W2) + 1.1W2 

LA = -3.4444 + 0.729 (L×W) 
LA = 11.98 + 0.06 (L×W) 
LA = 0.11 + 0.88 (L+W) 
LA = -210.61 + 13.358 W + 0.5356 (L×W)  
LA = 0.88 (L×W) – 4.27 
LA = 0.919 + 0.682 (L×W)   
LA = -0.0146 + 0.6621 (L×W) 
LA = -3.01 + 0.85 (L×W) 
LA = -1.41 + 0.527W2 + 0.254L2  
LA = 0.587 (L×W) 
LA = 0.8955L1.0842W0.7569 

LA = 2.59 + 0.74 (L×W) 
LA = 0.82 (L×W) – 0.28 
LA = 76.97(L×W ) + 35.985 
LA = -0.0017 (L×W)3 + 0.1746 (L×W)2 + 71.786 (L×W) 
+ 79.966 
LA = 0.2798 (L×W) + 71.267  
LA = 0.56 + 0.72 (L×W) 
LA = 191.33e(L)0.0037 
LA = 0.1026 L1,6871 
LA = 0.0364 (∑W)2 + 14.392 ∑W + 125.07 
LA = 1.8532 (∑LW) – 4.9634 
LA = 0.1933 L2.2238 
LA = 28.693 W – 192.33 
LA = 0.5083 (L×W) + 31.928 
LA = 6.720 + 0.6494 W2 
Ln (LA) = 0.854 Ln (W)  + 1.231 Ln (L) - 0.990 

Banana (Musa spp.) 
 
Chestnut (Castanea spp.) 
Clary sage (Salvia sclarea L.) 
Common bean (Phaseolus vulgaris L.) 
 
Cucumber (Cucumis sativus L.) 
Cucumber (Cucumis sativus L.) 
Faba bean (Vicia faba L.) 
Ginger (Zingiber officinale Roscoe) 
Grapevine (Vitis vinifera L.) 
 
Grapevine (Vitis vinifera L.) 
Groundnut (Arachis hypogeae L.)  
Hazelnut (Corylus avellana L.) 
Kiwi (Actinidia deliciosa) 
Pistachio (Pistacia vera L.) 
 
 
Potato ( Solanum tuberosum L.) 
Rose (Rosa hybrida L.) 
Saffron (Corcus sativus L.) 
Snap bean (Phaseolus vulgaris L.) 
Soybean (Glycine max L.) 
 
Sugar beet (Beta vulgaris L.) 
 
Sugar beet (Beta vulgaris L.) 
Sunflower (Helianthus annuus L.) 
Maize (Zea mays L.) 

L×W  
L×W  
L, W 
L×W 
L×W L+W 
W, L×W 
L×W 
L×W 
L, W 
L×W 
L, W 
L×W 
L, W 
L×W 
L×W 
L×W 
L×W 
 
 
L×W 
L×W 
L 
L 
∑W 
∑LW 
L 
W 
L×W 
W 
L, W 

LA, leaf area; L = length of the leaf midrib; W, maximum leaf width 

Table 2. Leaf characteristics of transplanted grape cuttings measured in different growth stages 

Stage  
(Days after 
transplanting) 

N L (cm) W (cm) LA (cm2) 

Mean ± SD Max Min Mean ± SD Max Min   Mean ± SD Max Min 

0 
30 
60 
90 
Pooled data 

180 
360 
360 
360 

1260 

5.00 ± 2.5 
6.80 ± 3.4 
7.14 ± 3.7 
6.68 ± 3.3 
6.61 ± 3.4 

10.5 
12.5 
13.1 
11.2 
13.1 

0 
0 
0 
0 
0 

3.88 ± 1.9      9.50 
5.49 ± 2.8      11.5 
5.89 ± 3.0      11.5 
5.46 ± 2.7      10.0 
5.37 ± 2.8      11.5 

0 
0 
0 
0 
0 

18.9 ± 15.1 
37.3 ± 22.7 
41.6 ± 24.7 
36.0 ± 20.3 
35.6 ± 22.8 

88.35  
92.81 
98.28 
95.17 
98.28 

0 
0 
0 
0 
0 

 
LA: leaf area, L: leaf length, W: leaf width, N: number of leaves, SD: standard deviation.  
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Table 3. Slope (b) and intercept (a) values of the models used to estimate the grapevine  leaf area (LA) of single leaves 
from length (L) and width (W) measurements (pooled data for four grapevine genotypes) 

Model number Regression model R2 Bias RMSE RMAE CV a b 

  

1 

2 

3 

4 

LA = 0.439 + 1.680L -0.006 L2 

LA = -0.354 + 3.659W + 0.438W2  

LA = 0.796(L+W) + 0.142(L+W)2   

LA = 0.845 + 0.860(L×W) – 0.001(L×W)2 

0.917 

0.881 

0.920 

0.926 

0.033 

0.035 

0.029 

-0.997  

6.47 

8.49 

8.17 

6.28 

0.175 

0.270 

0.321 

0.207 

18.2 

24.0 

23.1 

17.8 

2.912 

4.180 

2.725 

2.211 

0.916 

0.880 

0.922 

0.965 

LA: leaf area; L: leaf length; W: leaf width. 

 

Table 4. Validation of developed models for estimation of grape cutting total leaf area using pooled data. 

 
Fig. 2 General regression models for estimating the leaf area of grapevine from leaf length (L), width (W), the sum (L + 
W) and the product (L × W). 

Model number R2 Bias RMSE RMAE CV a b 

  

1 

2 

3 

4 

0.934 

0.941 

0.985 

0.988 

5.47 

7.05 

3.31 

3.04 

13.76 

13.75 

4.84 

5.44 

0.385 

0.300 

0.133 

0.145 

17.89 

17.88 

13.24 

14.90 

-9.602 

-13.98 

-16.57 

-20.79 

0.891 

1.702 

1.363 

1.486 
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Fig. 1. Grapevine leaves showing the point of leaf length (L) and width (W) measurement. 

 
Fig.3 Comparison of predicted and observed areas of grapevines leaves using four selected models (1: length, 2: 

width, 3: length + width, 4: length × width) by pooled data.  

 

Comparisons were made between measured 
versus calculated leaf area of leaves collected from 
different experiments by using four selected 
equations (Table 3). The leaf area estimated by the 
models No.3 and 4 were strongly agreed with the 
measured value of leaf area of the leaves. It is 
evident from higher value of R2 = 0.985 and 0.988 
respectively and lower CV (13.24 and 14.90%) 
(Table 4). The linear regression for the relationship 
between measured and estimated values was not 
significantly different from the 1:1 line (Fig. 3).  

The validation of the model showed that grapevine 
leaf area could be measured quickly, accurately, 
and non-destructively by using the developed 
model.  
 
Conclusion 
 
In the present study a quick, accurate and non-
destructive model to predict the leaf area for 
grapevine was developed.  
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This model was preferred for its simplicity, 
generating results with the same level of accuracy 
as other more complex estimation models or 
expensive instruments, e. g. a leaf area planimeter 
or digital camera with image measurement 
softwares. Results obtained from the present study 
demonstrated that grapevine leaf area could be 
predicted using simple linear measurements. 

Dimensions of the leaves can be easily measured in 
the field, greenhouse and pot experiments. Use of 
this equation would enable researchers to make 
non-destructive or repeated measurements on the 
same leaves. With this developed model, 
researchers can estimate accurately and in large 
quantities the leaf area of grapevine plants in 
physiological and quantitative studies. 

 
LITERATURE CITED 
Bakhshandeh E, R Ghadiryan and B Kamkar. 2010. A rapid and non-destructive method to determine the 
leaflet, trifoliate and total leaf area of soybean. The Asian and Australasian Journal of Plant Science and 
biotechnology. 4(1): 19-23.  
Bhatt M and SV Chanda. 2003. Prediction of leaf area in Phaseolus vulgaris by non-destructive method. 
Bulg. J. Plant physiol. 29(1–2): 96-100. 
Blanco FF and MV Folegatti. 2005. Estimation of leaf area for greenhouse cucumber by linear 
measurements under salinity and grafting. Sci. Agric. (Piracicaba, Braz.). 62 (4): 305-309.  
Boote KJ, JW Jones and G Hoogenboom. 1988. Research and management application of the pnutgro crop 
growth model. Proc. Am. Peanut Res. Edu. Soc., 20: 57. 
Cristofori V, Y Rouphael E Mendoza-de Gyves and C Bignami. 2007. A simple model for estimating leaf area 
of hazelnut from linear measurements. Sci. Hortic. 113: 221–225. 
Dent JB, and MJ Blackie. 1979. Systems Simulation in Agriculture. Applied Science Publishers, London, UK, 
pp. 238. 
Elsner EA, and GL Jubb JR. 1988. Leaf area estimation of Concord grape leaves from simple linear 
measurements. Am. J. Enol. Vitic. 39 (1): 95-97.  
Enoch HZ, and RG Hurd. 1979. The effect of elevated CO2 concatenation in the atmosphere on plant 
transpiration and water use efficiency: A study with potted carnation plants. Int. J. Biometer. 23: 343–351. 
Jonckheere I, S Fleck, K Nackaerts, B Muys, P Coppin, M Weiss and F Baret. 2004. Review of methods for 
in situ leaf area index determination. I: Theories, sensors and hemispherical photography. Agric. For. 
Meteorol. 121: 19-35. 
Kandiannan K, U Parthasarathy, KS Krishnamurthy, CK Thankamani and V Srinivasan. 2009. Modeling 
individual leaf area of ginger (Zingiber officinale Roscoe) using leaf length and width. Sci. Hortic. 120: 532- 
537.  
Karimi S, V Tavallali, M Rahemi, AA Rostami and MVaezpour. 2009. Estimation of leaf growth on the basis 
of measurements of leaf lengths and widths, choosing pistachio seedling as model. Aust. J. Basic & Appl. 
Sci. 3(2): 1070-1076. 
Kathirvelan P and P Kalaiselvan. 2007. Groundnut (Arachis hypogaea L.) leaf area estimation using 
allometric model. Res. J. Agric. & Biol. Sci. 3(1): 59-61. 
Korva JT, and GA Forbes. 1997. A simple and low cost method for leaf area measurement of detached 
leaves. Exp. Ag., 33: 65–72. 
Kumar R. 2009. Calibration and validation of regression model for non-destructive leaf area estimation of 
saffron (Crocus sativus L.). Sci. Hortic. 122: 142–145 
Kumar R and S Sharma. 2010. Allometric model for nondestructive leaf area estimation in clary sage 
(Salvia sclarea L.). Photosynthetica. 48 (2): 313-316. 
Leith JH, JP Reynolds and HH Rogers. 1986. Estimation of leaf area of soybeans grown under elevated 
carbon dioxide levels. Field Crops Res. 13: 193–203. 
Mendoza-De Gyves E, Y Rouphael V, Cristofori and F Rosana Mira. 2007. A nondestructive, simple and 
accurate model for estimating the individual leaf area of kiwi (Actinidia deliciosa). Fruits 62: 171–176. 
 



                                                                                                         121                                                                   http://www.jsrr.in 

Science Research Reporter 1(3):115 -121, Nov. 2011                                                      ISSN: 2249-7846 (Online)

 
Mokhtarpour H, BS Teh C, G Saleh, AB Salamat, ME Asadi and B Kamkar. 2010. Non-destructive 
estimation of maize leaf area, fresh weight, and dry weight using leaf length and leaf width. 
Communication in biometry and crop science. 5(1): 19-26. 
Montgomery EG. 1911. Correlation studies in corn. Nebraska Agr. Exp. Sta. Annu. Rep. 24: 108–159. 
Peksen E. 2007. Non destructive leaf area estimation model for faba bean (Vicia faba L.). Sci. Hortic. 113: 
322–328. 
Potdar MV and KR  Pawar. 1990. Non-destructive leaf area estimation in banana. Sci. Hortic. 45: 251-254. 
Queiroga JL, EDU Romano, JRP Souza and E Miglioranza. 2003. Estimativa da área foliar do feijão-vagem 
(Phaseolus vulgaris L.) por meio da largura máxima do folíolo central. Hortic. bras. 21(1): 64-68. 
Rouphael Y, G Colla, S Fanasca and F Karam. 2007. Leaf area estimation of sunflower leaves from simple 
linear measurements. Photosynthetica. 45: 306–308. 
Rouphael Y, AH Mouneimne, A Ismail, E Mendoza-de Gyves, CM Rivera and G Colla. 2010. Modeling 
individual leaf area of rose (Rosa hybrida L.) based on leaf length and width measurement. 
Photosynthetica. 48 (1): 9-15. 
SAS Institute. 1989. SAS/STAT user's guide, Version 6, 4th editions, SAS Inst., Inc., Cary, NC. 
Serdar U and H Demirsoy. 2006. Non-destructive leaf area estimation in chestnut. Sci. Hortic. 108: 227–
230. 
Silva M CC, PCR Fontes and RG Viana. 2008. Estimativa da área da folha da batateira utilizando medidas 
lineares. Hortic. bras. 26(1): 083-087.  
Tsialtas JT, S Koundouras and E Zioziou. 2008. Leaf area estimation by simple measurements and 
evaluation of leaf area prediction models in Cabernet-Sauvignon grapevine leaves. Photosynthetica. 46 (3): 
452-456.  
Tsialtas JT and N Maslaris. 2007. Leaf shape and its relationship with Leaf Area Index in a sugar beet (Beta 
vulgaris L.) cultivar. Photosynthetica. 45(4): 527-532.  
Tsialtas JT and N Maslaris. 2008. Leaf area prediction model for sugar beet (Beta vulgaris L.) cultivars. 
Photosynthetica. 46(2): 291-293. 
Yeol Cho Y, S Oh, MM Oh and JE Son. 2007. Estimation of individual leaf area, fresh weight, and dry weight 
of hydroponically grown cucumbers (Cucumis sativus L.) using leaf length, width, and SPAD value. Sci. 
Hortic. 111: 330–334. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


