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Abstract— Citrus sinensis (L.osbeck) or sweet orange is an important fruit crop originated from South East 

Asia which is cultivated widely in tropical, subtropical and Mediterranean regions. It is consumed all over 

the world as an excellent antioxidant. The main objective of the present work is to identify various 

relationships in shoots and leaves of Tunisian sweet orange (Citrus sinensis L.) cv Maltese Ballerin. 

Significant relationships were obtained between primary and secondary growth (length and diameter of 

spring shoots), between the elongation and organogenesis (length, leaf number, node number) and between 

elongation and leaf area. Several non-destructive methods are proposed to estimate the leaf area, which is 

closely related firstly to the rectangle constructed from the length and width of the leaf (R2=0.9) and secondly 

to the leaf area obtained by the method of supervised classification using Envi software (R2=0.96). A 

significant linear relationship between the dry weight of the leaf and its area is found (R2=0.74).  

Keywords— Citrus sinensis L., leaf area, shoot, growth, regression, correlation. 

 

I. INTRODUCTION 

The genus Citrus belongs to the family Rutaceae, it is the 

most important fruit tree crop in the world, with an annual 

production of approximately 75 million tons and with an 

annual production of 144.5 thousands thons in Tunisia 

(Faostat, 2018). The orange, Citrus sinensis L. Osbeck, is 

the most representative and recognizable species of this 

group. Oranges probably originated from south East Asia, 

and were cultivated in China by 2500 BC (Nicolosi et al., 

2000). Blood oranges were typically cultivated in the 

Mediterranean area, but recently, their cultivation has 

spread to other citrus growing areas, such as China, 

Australia and United States. It is very likely that the 

ancestors of blood oranges originated in southeast Asia and 

were later introduced into Europe (Chapot, 1963; Hodgson, 

1967). The distinctive red flesh color of the blood orange is 

due to the presence of anthocyanins. It is a variety most 

closely associated with Tunisia, which is the sole producer 

and exporter. It is of exceptional quality when the variety is 

cultivated in the region of the Cap-Bon in Tunisia (Swingle, 

1943). Weiner and Thomas (1992) found strong correlations 

between stem height, stem diameter and plant biomass of 3 

species of annual plants. Different dimensions of a plant are 

assumed to be related to each other (Corner, 1949). Various 

attempts have been to study the correlations between 

dimensions of organs at both the vegetative (eg leaf and 

stem size, Barcellos et al., 1986; Bond and Midgley, 1988; 

Brouat et al., 1998; Baret et al., 2003) and vegetative-

reproductive (eg. Stem and inflorescence size; Lauri et al., 

1996; Lauri and Trottier, 2004) level. The recent use of 

scanners, image edition and analysis, supported by specific 

software, allows for fast estimation of those measurements 

in both, fruits and leaves, with high precision (Caldas et al., 

1992). The area of individual leaves can be estimated from 

non-destructive measurements of leaf width (W) and leaf 

length (L) (Wargo 1978, Ramkhelawan and Brathwaite 

1990), and their ratios give some indication about the 

constancy of leaf shape with size. Humphries and French 

(1964) estimated leaf size by comparing leaves with simple 

geometric shapes, such as circles and ellipses.  Considering 

the insufficiency of studies about regression and 
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correlations on Citrus sinensis L. in  Tunisia, this research 

was conducted to find the relationships between some of 

morpho-physiological characteristics of Citrus sinensis L.  

 

II. MATERIALS AND METHODS  

The trials were carried out in a field located in Northeast 

Tunisia (36 °N, 10°E). It is a citrus orchard of the ‘Maltese 

Ballerin’ (Citrus sinensis (L) Osbeck) variety grafted on 

‘Sour orange’ (Citrus aurantium (L.)) rootstock. Trees were 

planted at 6 x 4 m spacing on a sandy soil. The climate is 

Mediterranean, with hot, dry summers and mild winters. A 

set of 90 spring shoots were taken at random from the test 

plot. The length, the basal, middle and apical diameter, the 

number of leaves and nodes and the total leaf area of each 

shoot were measured. A set of 439 leaves were taken at 

random from the sampled spring shoots. The length and 

width of each leaf were measured with a caliper. The surface 

of each leaf was measured using a planimeter. To examine 

the possibility of using image processing as a means of 

estimating the leaf area, a subsample of 85 leaves were 

selected and each leaf was photographed. The treatment was 

performed using the software Envi. Once these 

measurements and photos taken, each leaf is dried in an 

oven at a temperature of 70 ° C for 48 hours. All measures 

of dry mass are performed using an analytical balance with 

an accuracy of 0.0001 g (Model: AB 204, Mettler Toledo, 

Switzerland).  

III. RESULTS AND DISCUSSION 

The diameter, the number of leaves, the number of nodes 

and the leaf area were analyzed by branch in more detail 

based on the length of the branches (Table 1). Strong 

correlations (R2 ≥ 0.8) show a relationship between primary 

and secondary growth, a relationship between the 

elongation and organogenesis activity and a relationship 

between elongation and leaf area. These relationships were 

also confirmed by the observations of Kozlowski (1971) on 

different species, Costes et al. (2000) on apricot, Mezghani 

Aichi (2009) on the olive tree. However, the correlation 

between shoot length and median diameter is moderate (R2 

= 0.65) and this correlation is weak with apical diameter (R2 

= 0.15) (Table 1). 

Correlations (R2 = 0.81) were found between the square root 

of leaf area and the square root of shoots length (Figure 1) 

and between the square root of leaf area and log of (number 

of leaves) (R2 = 0.77) (Figure 2). These are in agreement 

with studies by Blom and Tarara (2007) which showed 

significant linear relationships between these parameters in 

Vitis labruscana. To estimate the total leaf area/branch, 

Mabrouk and Carbonneau. (1996) proposed a simple model 

based on correlations between total leaf area and length of 

main and lateral branches of the vine. In addition, the length 

of shoots is not always correlated closely with the leaf 

surface especially with the main branches (Lopes and Pinto 

2000; Tregoat et al., 2001.).  

 

Table 1. Regression Matrix among the studied variables (n = 90) 

Parameters 

 L (cm) Db (mm) Dm (mm) Da (mm) N. L N. N LA (cm2) 

L 

(cm) 

 R2=0.80 

(Y=7.6576 x-11.122) 

R2=0.66 

(Y=7.1685 x-7.8256) 

R2=0.15 

(Y=4.2018 x+3.1842) 

R2=0.81 

(Y=1.7658 x-1.0117) 

R2=0.84 

(Y=1.7466 x-3.5731) 

R2=0.80 

(Y=0.0473 x+1.183) 

Db 

(mm) 

R2=0.8 

(Y=0.1048 

x+1.7488) 

 R2=0.79 

(Y=0.9243 x+0.4623) 

R2=0.37 

(Y=0.7378 x+1.4353) 

R2=0.76 

(Y=0.2006 x+1.5327) 

R2=0.73 

(Y=0.1899 x+1.3152) 

R2=0.62 

(Y=0.0049 x+1.8911) 

Dm 

(mm) 

R2=0.66 

(Y=0.0916 

x+1.6416) 

R2=0.8 

(Y=0.8633 x+0.1451) 

 R2=0.5 

(Y=0.8489 x+1.0166) 

R2=0.62 

(Y=0.1745 x+1.4587) 

R2=0.56 

(Y=0.1603 x+1.3118) 

R2=0.57 

(Y=0.0045 x+1.708) 

Da 

(mm) 

R2=0.15 

(Y=0.0365 

x+1.5569) 

R2=0.37 

(Y=0.4871 x+0.5377) 

R2=0.5 

(Y=0.5766 x+0.4225) 

 R2=0.2 

(Y=0.0788 x+1.4185) 

R2=0.17 

(Y=0.0732 x+1.3445) 

R2=0.11 

(Y=0.0016 x+1.6169) 
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N. L R2=0.8 

(Y=0.4571 

x+1.827) 

R2=0.76 

(Y=3.7945 x-4.1253) 

R2=0.62 

(Y=3.535 x-2.4456) 

R2=0.2 

(Y=2.3484 x+2.4376) 

 R2=0.82 

(Y=0.8748 x-0.4649) 

R2=0.8 

(Y=0.0241 x+1.8322) 

N. N R2=0.84 

(Y=0.4835 

x+3.0686) 

R2=0.73 

(Y=3.8412 x-2.7186) 

R2=0.56 

(Y=3.472 x-0.7314) 

R2=0.17 

(Y=2.3349 x+4.0087) 

R2=0.82 

(Y=0.9354 x+2.0014) 

 R2=0.74 

(Y=0.024 x+3.4078) 

                       Parameters: L= length, Db= Basal Diameter, Dm= Medium diameter, Da= Apical Diameter, NL = Number of 

leaf, NN= Number of node and LA = Leaf Area. 

 

Fig.1: Relationship between the square root of the leaf area and the square root of the shoot length 

 

Fig.2: Relationship between the square root of the leaf area and Ln (number of leaves) 

 

The leaf area of a crop is a determinant factor in 

mechanisms such as radiation, interception, water and 

energy exchange, growth and yield potential. The 

implementation of tools for measuring and estimating 

crop leaf area (LA) has long been a concern for 

researchers. There are currently several approaches for 
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leaf area  determination, which include direct and 

indirect methods. Leaf ares (LA) has been estimated by 

many different methods. Marshall. (1968) classified 

these methods into two broad classes: 1) destructive and 

non-destructive, and 2) direct and indirect. Several non-

destructive models are proposed for estimating the leaf 

area of several genotypes. Among the methods to 

estimate leaf area, mathematical models based on 

measures of biometric variables (leaf width and length) 

are widely used for various species of plants (Serdar and 

Demirsoy, 2006). Montgomery. (1911) first suggested 

that leaf area of a plant can be calculated from linear 

measurement of leaves using a general relationship A=b 

×L×W where b is a coefficient. The leaf area of the 

Maltese Ballerin variety is closely related to (length and 

width) of leaf (R2 = 0.90) (Figure 3a). Our result is in 

agreement with the data reported by Mazzini et al. 

(2010). The comparison of the LA (leaf area) results 

obtained by the destructive method (Planimeter) and the 

newly developed non-destructive image processing 

method by Envi software program (Figure 3b) showed a 

strong correlation (R2 = 0.96; n=85) with the slope very 

close to one (0,967), which was strong evidence for the 

reliability of the image processing method. Manivel and 

Weaver. (1974) found a high correlation between the 

length of vine leaves and their area (R2 = 0.91). These 

simple correlations and measurement techniques can be 

used for estimating the leaf area of a branch by 

measuring only the length and width of the leaf without 

destroying them. Indeed, this approach has been used by 

Spann and Heerema. (2010) who estimated leaf area 

branches of 14 types of fruit trees such as almonds, 

citrus, nuts, olives and pistachios using equations 

regression similar to ours.   

In the present study a good correlation found between 

leaf dry weight and leaf area (Figure 4). Linear function 

without intecept described the best relationship between 

the two factors (DW=0,0117* LA ; R2 = 0.74; n=439). 

This relationship is used to define the specific weight of 

the leaves of sweet orange Maltese Ballerin cv, which is 

in the order of 0.012 g/cm2.  Studies of Vitis vinifera L. 

prove the existence of a correlation between the dry 

weight of the leaf and its area (Costanza et al., 2004). It 

was concluded that leaf area, fresh weight and dry 

weight of leaves of Citrus sinensis  plants can be 

estimated or simulated as a linear function of L*W with 

reasonable accuracy.  
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(b) 

Fig.3: Regression through the origin relating 

(a) leaf area (LA) obtained by the destructive method (Planimeter) and L*W 

(b) leaf area (LA) obtained by the destructive method (Planimeter) and the non-destructive method (processed digital 

images Envi software) 

 

Fig.4: Relationship between leaf dry weight and leaf area 

 

IV. CONCLUSION 

In recent years, non-destructive methods have been 

developed for estimating plant growth and fruit parameters 

with the aim of replacing the destructive ones. Clear 

relationships and high correlations were found in the Sweet 

orange Citrus sinensis L Maltese Ballerin cv. throughout 

shoots and leaves in the climatic conditions of Cap Bon in 

Tunisia.  
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