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Leaf area is an important parameter in physiological and agronomical studies. Linear models for leaf area 

measurement were developed for two plant species as a non destructive method. The leaves of Helicteres 

isora L. and Vitex negundo L were used for the linear model development using Leaf Area Meter (LAM) 

software.Gravimetric (dry weight and water content) parameters were considered for the development of 

linear model for these plants species which showed statistically significant relationship with the parameters 

studied. The best correlation as represented by regression coefficient (R
2
) was used. It was observed that with 

increase in leaf area, dry weight and water content also increased and showed best correlation with the leaf 

area. Thus, it was concluded dry weight and water content can be taken as a parameter for developing linear 

model for leaf area in these plants. 
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1. INTRODUCTION 
 

Helicteres isora L. is a large shrub of the family 

Sterculiaceae which occurs in dry forests throughout central and 
western India and some parts of the south-east Asia. The plant 

gained its name as Indian Screw Tree due to the characteristic 
twisted shape of its fruits [1]. Different parts of the plant are 

traditionally used in Indian System of Medicine (ISM) to cure 
various ailments. Furthermore, recent research results have 

suggested that H. isora was a rich source of bioactive compounds 
such as polyphenols, tannins and alkaloids that exhibit 

therapeutic effects [2]. H. isora is reported to be a good source of 
carbohydrate, proteins, fiber, calcium, phosphorus and iron [3]. 

Another report based on extraction and characterization studies 
had shown the presence of some antioxidant compounds such as 

ascorbic acid, flavonoids and phenolics (cucurbitacin B and 
isocucurbitacin B) [4,2].  Vitex negundo L. is a woody, aromatic 

deciduous shrub growing to a small tree. It is also known as the 

five-leafed chaste tree or Monk’s pepper [5]. The leaves have five 
leaflets palmately arranged, which are lanceolate, hairy and 

pointed at both ends [6]. The leaves have potential for                            
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antibacterial, antitumor, astringent, tonic, vermifuge, 
antiparasiticaland insect repellent. Anti-inflammatory and pain 

suppressing activities of fresh leaves of V. Negundo are attributed 
to prostaglandin synthesis inhibition, membrane stabilizing and 

antioxidant activities [7].  Leaf area of the plants not only 
determines the photosynthetic capacity but can also be used as a 

morphological marker for collection of medicinally important 
plants [8,9]. Leaf area of the plants is correlated with leaf 

dimensions like length and width and linear models are developed 
as non-destructive method. Further, gravimetric parameters like 

leaf dry weight can also be used to build linear model for leaf area 
[10]. These plants have great potential to be developed as drugsin 

pharmaceutical industries. However, herbal formulations are often 
questioned for their consistency mainly because less care is taken 

during the production of herbal medicines. Physiologically active 
compounds may vary with age and conditions of the leaves. 

Therefore, there must be some guide lines for the collection of 
such materials. Leaf area (LA) is an important variable for most 

ecophysiological studies in terrestrial ecosystems concerning light 
interception, evapotranspiration, photosynthetic efficiency, 

fertilizers, irrigation response and plant growth [11] and hence, 
also to maintain herbal farms with efficient practices. Both these 

plants are having immense herbal drug applications and the 
development of linear model for these plants may help the 

researchers of the field. 

http://creativecommons.org/licenses/by-nc-sa/3.0/
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2. MATERIALS AND METHODS 
 

2.1 Collection of plant materials 

Helicteres isora L. leaves were collected from Laldhori 

Garden of Junagadh Agriculture University and leaves of Vitex 

negundo L. were collected from Botanical garden of Saurashtra 

University campus, Rajkot, Gujarat. 

 

2.2 Measurement of growth parameter 

Collected leaves were washed thoroughly under running 

tap water and blotted over filter papers. Each individual 

leaf/leaflets were scanned and saved as .bmp file format. The 

scanned leaf was weighed before and after oven drying at 65˚C for 

48 hours to obtain the dry weight. The difference in fresh and dry 

weight is considered as the water content. Each individual 

leaf/leaflets was scanned and saved in .bmp file format and then 

leaf area measurement was calculated as per the software’s 

standard protocol [8,9]. The present method of leaf area 

measurement is very simple, rapid as software (LAM) is very 

efficient and user friendly [31]. This software measures different 

parameters of leaf (leaf area, length of midrib and width of leaf) 

similar measurements can be done using image J software [12]. 

 

2.3 Statistical Analysis 

All collected data were subjected to regression analysis, 

linear correlations between leaf area and gravimetric parameters 

using Excel software (MS office, Microsoft). 

 

3. RESULTS AND DISCUSSION 
 

Medicinal plants are of prime focus in alternative 

medicine worldwide. Leaves of many plants have been used as a 

source of medicine. Age of the plants, which are selected for 

producing herbal formulations, is needed to be considered for the 

higher yield of the desired active compounds, which may influence 

the efficacy of the medicine [8,9]. Growth in the terms of fresh and 

dry weights, water content and leaf area of each individual leaf 

were measured from both the plants studied (Figure: 1, 2).  

From H. isora plant, 45 leaves were taken for the leaf 

area measurements by using leaf area measurement software 

which showed ranged between 1 to 45.8 cm
2
 areas for the leaves 

tested. Minimum leaf area was observed 1.0 cm
2
/leaf where as 

maximum leaf area was 45.8 cm
2
/leaf. Each individual leaf was 

weighed before and after oven drying at 65˚ C for constant weight. 

Dry Weight ranged between 20.2 to 182.5 mg/leaf. Water Content 

ranged between 7.1 to 390.8 mg/leaf. The obtained data on dry 

weights and water content were plotted against respective leaf area 

showed linear relationship (Figure 1: A, B). Similarly, in V. 

Negundo leaf area ranged between 3.27 to 27.50 cm
2
/leaf from the 

49 leaves tested. Data on dry weight ranged between 27.3 to179.7 

mg/leaf and data on water content ranged between 54.8 to 352.3 

mg/leaf (Figure: 2 A, B). For both the plants, it was observed that 

dry weight and water content increased with the increase in the 

leaf area depicting that, dry weight and water content showed 

linear relationship. When these parameters were analyzed for 

linear regression model, the maximum R
2
 observed for dry weight 

was 0.808 followed by water content of 0.806 in H. Isora while in 

V. negundo maximum R
2 
was observed for dry weight  being 0.970 

followed by water content of 0.966 (Table: 1). 

 

Table 1: Results of Regression analysis of helicteres isora L. and Vitex 

negundo L. 

Plant name Parameter Regression equation R
2
 

1. Helicteres isora L. 
DW Y=3.07x-2.247 0.808 

WC Y=6.219x-5.365 0.806 

2. Vitex negundo L. 
DW Y=7.112x+1.699 0.970 

WC Y=12.89x+2.591 0.966 

 

 

 
Fig. 1: Leaf area linear model for helicteres isora l. using gravimetric 

parameter (A) dry weight (DW) and (B) water content (WC) of each individual 

leaf. 

 

 

 
Fig. 2: Leaf area linear model for vitex negundo L. using gravimetric 

parameter (A) dry weight (DW) and (B) water content (WC) of each individual 

leaf. 
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Over all data on dry weight (R
2
=0.808, R

2
=0.970) is 

better correlated with leaf area and that could be used as a linear 

model for H. isora and V. negundo. However, the data on water 

content were also highly significant at P < 0.001, so, water content 

could also be considered for the linear model development in these 

plants. Water content is also considered as one of the important 

parameters to study since in many studies suggests importance of 

water in expansion growth [13, 14]. It is assumed that the increase 

in size of the leaf may also increase the water content at least up to 

certain level, that level at which the leaf size is stabilized. In the 

present study, we found good correlation with water content and 

leaf area in V. Negundo and H. isora. Similar work was also 

reported for Adhatoda vasica L. [15]. 

Leaf area is a key variable in study of physiology, 

horticulture and crop science [16, 17]. It is major parameter in 

plant modeling studies, to develop physiological models in plant 

breeding [18]. It plays an important role to determine productivity, 

development rate, yield potential, radiation use efficiency and 

water as well as nutrient take-up [19]. Leaf area affects the rates of 

canopy, gas exchange and energy balance [20]. 

The plant canopy is a locus of physical and 

biogeochemical processes in an ecosystem and their functional and 

structural attributes are affected by microclimatic conditions, 

nutrient dynamics, herbivore activities and many other factors. The 

amount of foliage contained in plant canopies is one of the basic 

ecological characteristic indicating the integrated effect of these 

factors. In turn, canopy leaf area serves as the dominant control 

over primary production [21] 

This variable represents the amount of leaf material in 

ecosystems and controls the links between biosphere and 

atmosphere through various processes such as photosynthesis, 

respiration, transpiration and rain interception; hence, it is an 

important property of plants [22]. Leaf area of the plants not only 

determines the photosynthetic capacity but can be used as a 

morphological marker for collection of medicinally important 

materials [8, 9]. In plant pathology, leaf area could be used as an 

indicator of treatment effectiveness to compare the effect of 

different diseases on plant types [23]. Leaf area is also required for 

determination evapotranspiration [24]. In the monitoring of 

phytomass production and grain yield of cereal crops, leaf area is a 

key variable [25]. It is an important measurement for 

understanding rates of energy and materials exchange between 

forest and atmosphere [26].  

An accurate measurement of leaf area is essential for 

understanding the interaction between crop growth and 

environment. Many methods have been developed to measure leaf 

area [27] Although, accurate assessment of leaf area is a critical 

component in understanding physiological and agronomic process, 

obtaining leaf area is often costly, time consuming and destructive 

[28]. Therefore, another simple, inexpensive, rapid, reliable and 

non destructive method for estimating leaf area is required for the 

experiments [18]. Thus, we suggest linear model for economically 

and medicinally important plants. Estimating leaf area from 

equations using simple measurement of leaf dimension is an 

inexpensive, rapid and non-destructive alternative for accurately 

assessing leaf area [29].  

Linear models for leaf area measurement are also 

developed for plant species as a non-destructive method. So the 

establishment of mathematical and especially linear relationship 

between leaf area and one of more growth parameters of the leaf is 

an advantageous way to determine leaf area under field conditions 

[30], and can be extended for follow up applications like 

preparation of herbal drugs. 
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