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Introduction 
 

Leaves are the most important structure for 

photosynthesis and a process which was 

described by Kozlowski and Pallardy (1997) 

in which light energy is apprehended by green 

plants (mainly by the chlorophyll in leaves) 

and used to produced reduced carbon 

compounds from carbon dioxide and water 

and also, leaf is an important plant organ and 

is associated with photosynthesis and 

evapotranspiration; therefore, leaf area 

capacities are required in most physiological 

and agronomic studies concerning plant 

growth (Guo and Sun, 2001). Dejong and 

Ryugo (1998) and Friedrich and Fischer 

(2000) showed the influence of various factors 

on photosynthesis in fruit species. 

Photosynthesis yields carbohydrates for 

growth and dynamism (Lakso and Flore, 

2003) and photo synthates constitute up to 

90% of a plant‟s dry matter (DM) (Daie, 

1985) and both growth and cropping depend 

on a ready source of carbohydrates and 
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Leaves represent the largest quantity of the total canopy surface and also the main surface 

for physiologically active interchange with the atmosphere. Processes like photosynthetic 

light absorption, carbon uptake and assimilation, transpiration of water and emission of 

volatile organic compounds are nearly exclusively performed via leaf surfaces, while 

processes like element deposition, interception of rain, evaporation and susceptibility to 

wind damage are in part also dependent on the surface area of woody canopy elements. 

Fruit production and quality depend on adequate source-sink relationships. Carbohydrates 

(CH) translocated from leaves or reserve organs are the most important for the growth and 

development of sink organs (mainly fruits). Leaf Area Index (LAI) measures the amount 

of leaf quantifiable in an ecosystem, which imposes important controls on photosynthesis, 

respiration, rain interception and other processes that link vegetation to environment. 
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nutrients (Oliveira and Priestley, 1988), so that 

Leaf area index is one of the most important 

parameters for canopy architecture. According 

to a common definition it computes the one-

sided area of leaf surface per unit of horizontal 

ground area (Watson, 1947). A more accurate 

description is given by Chen and Black 

(1992), characterizing the LAI as half of the 

area of completely evolved leafs per unit of 

horizontal ground area, thus making it 

independent of geometrical leaf attributes. 

Minimum quantities of leaf area and shoot 

structure are required for setting large fruit 

crops (Lakso Flore, 2003). Equated to annual 

crops (e.g., cereals), little information about 

the leaf area index (relationship between leaf 

area and occupied soil area) is known about 

fruit species. The leaf area index in 

coincidence with sunlight interception is 

useful as a basis for analyzing canopy 

productivity (Fischer, 2011). Photosynthesis is 

without doubt the process that has been 

studied and modelled the most, not least 

because of the direct effect of CO2 on 

photosynthetic rate.  

 

However, at the more integrated plant and 

ecosystem level there is little evidence for an 

extrapolative relationship between leaf 

photosynthesis and growth. Instead, biomass 

production is closely related to light 

interception, which is mainly determined by 

leaf area index, as has been confirmed for 

agricultural crops (Monteith, 1977) and other 

vegetation types (Hirose et al., 1997). Leaf 

area index varies depending on a number of 

factors including recurrent climate, water and 

nitrogen availability and to some extent CO2 

elevation (e.g. Drake et al., 1997; Ewert and 

Pleijel, 1999; Hartz‐ Rubin and DeLucia, 

2001; Kimball et al., 2002; Cowling and Field, 

2003). Recent investigations suggest that 

canopy photosynthesis increases with leaf area 

index (Rochette et al., 1995, 1996; Campbell 

et al., 2001; Rodriguez et al., 2001) and that 

effects of elevated (CO2) on canopy 

photosynthesis decrease as leaf area index 

increases (Brooks et al., 2000). Understanding 

of the relative importance of such 

relationships for vegetation growth and 

productivity is limited but essential for 

modeling systems responses to CO2. The leaf-

fruit ratio is species, cultivar and geographic 

location dependent. The optimal leaf area in 

various species is 200 cm
2
 per 100 g of fruit 

(Gerhard Fischer et al., 2012). The aim of this 

review is to provide some clarification about 

the relative importance of LAI for plant 

responses in horticulture crops and to discuss 

related about leaf area index estimation 

methods in different crops. 

 

Areas of application and its importance in 

horticulture crops 

 

The leaf area index is of topmost significance 

for eco-physiology in many ways: in 

demonstrating, it serves as a scaling factor, 

controlling processes like photosynthesis and 

evapotranspiration (Weiss et al., 2004; Bréda, 

2003).Substitute as transition zone between 

plant and atmosphere, most processes of gas 

and water exchange as well as the interception 

of rain water; take place on the surface of 

leaves (Bréda, 2003). By extinction of incident 

radiation, variations in the leaf area index 

influence the micro climate within and above 

the canopy (Welles, 1990).There have been 

relatively few reports on the photosynthesis of 

fruit species which can differ greatly with 

diverse measuring methods and equipment 

used depending on the prevailing 

environmental conditions. Flore and Lakso 

(1989) summarized maximum photosynthetic 

rates (in Âµmol CO2 m
-2

s
-1

) for various fruit 

species such as the avocado (Persea 

americana, 4.8±2.4), orange (Citrus sinensis, 

9.9±1.6), peach (Prunus persica, 13.3±3.8), 

apple (Malus domestica, 5.7±5.6), pear 

(Pyruscommunis, 20.2), grapevine 

(Vitisvinifera, 12.4±1.4), blueberry 

(Vaccinium sp., 12.7±7.4) and strawberry 
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(Fragaria × ananassa, 13.9±2.9). 

Photosynthetic rates of 8.33 Âµmol CO2  

m
-2

 s
-1 

have been measured for solanaceous 

species such as the cape gooseberry (Physalis 

peruviana) on the Bogota Plateau (Melgarejo 

and Fischer, 2013). Medina (2003) measured 

photosynthetic rates of 4-8 Âµmol CO2 m
-2

 s
-1

 

for the lulo (Solanum quitoense) in mountain 

rain forest conditions of Antoquia (Colombia). 

Leaves accumulate CH at a high rate, e.g., 8 

mg g
-1

 day
-1

 of dry weight (DW) in citrus 

(Citrus sp.), although leaves usually contain 

only a small proportion of the total amount of 

the fruit tree (Kozlowski and Pallardy, 1997). 

The leaf area index in the apple lies between 

1.5 and 5 depending on the variety, rootstock, 

pruning, trellising, fertilization and other 

cultural practices Jackson (1980). Rajan et al., 

(2001) reported that in the tropics, some 

mango (Mangifera indica) cultivars well 

improved to subtropical conditions develop 

large crowns with dense foliage, causing poor 

light penetration, flowering and fruit quality. 

These authors studied canopy traits of 26 

Indian mango varieties on 10-year-old trees, 

planted at 10 x 10 m, measuring an average 

leaf area index of 2.94 (1.18-4.48). The 

fraction of the light passing through the 

canopy (DNI, diffuse non-interceptance) 

ranged from 0.02 to 0.36 (maximum is 1). The 

index in the peach is generally higher, 

between 7 and 10 (Faust, 1989). The leaf area 

index is higher than 1.5 in the apple. 

Moreover, height and type of training define 

light penetration to the foliage (Faust, 1989). 

The leaf area index in the orange can be as 

high as 9 or 11 (Dussi, 2007). The varieties 

with a low leaf area index and high DNI 

('Fernandin', 'Papatio', 'MalihabadSafeda' and 

'Rataul') were better exposed to solar radiation 

and produced more reproductive stems and 

good color fruits than varieties with denser 

foliage (Rajan et al., 2001). The interaction 

between vegetation surface and the 

atmosphere, e.g. radiation uptake, 

precipitation interception, energy conversion, 

momentum and gas exchange, is substantially 

determined by the vegetation surface 

(Monteith and Unsworth, 1990). During 

vegetation period of deciduous trees, total 

vegetation surface itself is mainly composed 

of leaf area, and by lesser part of twigs, 

branches and stem surface. Whereas during 

times of absent foliage (i.e. winter in 

temperate climates, dry season in tropical 

areas) woody parts determine vegetation 

surface area, and the leaf area index (LAI) of a 

forest species is a major determinant of its 

water balance. Allometric relationships, which 

are the change in proportion of various parts 

of an organism as a consequence of growth, 

exist to relate the leaf area of a tree to stem or 

canopy characteristics (Whitford et al., 1995; 

West et.al., 1988). Cohen and Naor (2002) 

measured the average leaf area index in 

Golden Delicious variety as 2.4 for M9 and as 

2.7 for M109 and seedling. Lakatos (2004) 

established the total leaf area as 4.4-19.5 m2. 

Liu et al., (2001) determined that the leaf area 

changed according to the rootstocks but there 

was no change in leaf area index. 

 

Relationship between Leaf Area Index 

(LAI) and yield per tree 

 

The leaf area index (LAI) is an important 

parameter in crop growth. It reflects the 

leafiness of the crop. The leafiness in one way 

reflects the photosynthetic capability of the 

crop. The development of the fruit size 

depends on a number of factors such as the 

leaf-fruit ratio, leaf area index, genetic and 

climatic factors, position in the plant and the 

branch, tree age, number of seeds and water 

and nutrient supply (Dennis, 1996). For a full 

crop, most fruit species will set more fruit than 

needed if growing conditions are optimal 

(Westwood, 1993). LAI values related to 

treatments ranged from 0.32 to 0.52 in 2007, 

0.73 to 1.12 in 2008. LAI values increased by 

approximately 126.3% for all treatments. In 

both years, generally, the highest LAI values 
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were observed in drip irrigation (D) for both 

varieties. Linear correlation (r=0.99, n=16) 

was obtained between fruit yields and leaf 

area index (LAI) values of the apple trees 

(UlasSenyigit et al., 2013). The relations 

between LAI and fruit productivity, and 

between crown density and fruit productivity 

showed that fruit productivity hardly changed 

when LAI and crown density were lower than 

5 and 80 %, respectively, but decreased when 

they were over these values An increase in 

yield for early-stage trees was mainly 

dependent on a rapid increase in LAI or crown 

density and a subsequent decrease in yield was 

mainly dependent on a large decrease in fruit 

productivity in Satsuma mandarin 

(Sunaotachibana, 1990). Mean total and spur 

canopy LAI and light interception were 

significantly and positively correlated with 

fruit yield (Jens N Wunsche and Alan N 

Lakso, 2000). Cittadani et al., (2008) reported 

that the relationship between fruit quality and 

fruit number to leaf area ratio on trees of near-

optimal LAI allows optimization of high 

yields with favorable quality in „Bing‟ Sweet 

Cherry. Roper and Loescher (1987), studying 

the relation between leaf area and fruit quality 

of „Bing‟ sweet cherry using isolated spurs, 

found that in the growing conditions of 

Washington State, leaf area per fruit 

accounted for 66, 36 and 53% of the 

variability in fruit weight, fruit colour and 

soluble solids, respectively. An increase of 1 g 

in fruit weight was predicted to require an 

additional 30 to 32 cm2 of LA. Leaf area per 

spur accounted for 54, 27 and 28% of the 

variability in the same fruit quality 

parameters. Hardon et al., (1969) found 

increases in bunch yield with increasing LAI 

in excess of 5.0 in oil palm. 

 

How to measure the leaf area index 

 

Leaf Area Index is an important measure of 

canopy structure because tree morphology, 

leaf orientation and distribution influence LAI 

estimates. Trees of different species can have 

therefore very different LAI values. LAI was 

first well-defined in the year of 1947 as the 

total one-sided area of photosynthetic tissue 

per unit ground surface area. Jonckheere et al., 

(2004) concluded that LAI is defined as one 

half of the total leaf area per unit ground 

surface area. They also noted that different 

definitions can result in significant differences 

between calculated LAI values. LAI is a 

dimensionless quantity (or m
2
/m

2
).  

 

A methodology was developed to estimate the 

leaf area index (LAI) of cucumber and tomato 

plants through the evaluation of the leaf area 

distribution pattern (LADP) of the plants and 

the relative height of the leaves in the plants. 

Plant and leaf height, as well as the length and 

width of all leaves were measured and the area 

of some leaves was determined by a digital 

area meter. The obtained regression equations 

were used to estimate the leaf area for all 

relative heights along the plant and after that 

that they concluded that the LAI estimations 

presented high precision and accuracy when 

the proposed methodology was used resulting 

in time and effort savings and being useful for 

both crops (BlancoFlávioFavaro; Marcos 

ViníciusFolegatti, 2003). Watson (1947) 

proposed the term leaf area index which is the 

ratio of the leaf area of a plant to the ground 

area occupied by the plant. 

 

Total leaf area of the plant 

Leaf area index = ---------------------------------- 

Ground area occupied by the plant 

 

There are two main categories of procedures 

to estimate LAI: direct and indirect methods 

(Gower et al., 1999). The former group 

consists of methods measuring leaf area in a 

direct way, while the latter group consists of 

methods where LAI is derived from more 

easily (in terms of time, workload and 

technology) measurable parameters (Fassnacht 

et al., 1994; Gower et al., 1999). 
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Fig.1 Leaf area index of Guava (Psidium guajava) by digital plant canopy imager 

(CID Bio Science, Inc) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Direct methods 

 

Direct methods are accurate but labour 

intensive and therefore used in a limited way. 

 

They consist of two steps, leaf collection and 

leaf area measurement. 

 

Harvesting methods 

 

Destructive sampling 

 

Collection and removal of green leaves from a 

sampling plot. b) “Model tree” method:  

 

Destructive sampling of a small amount of 

representative trees out of the stand, from 

which the leaf area and vertical distribution of 

leaf area is measured leaf by leaf. 

 

Non-harvest methods 

 

Leaf litter collection during the leaf-fall 

period employs “traps” (open boxes with 

predetermined size and lateral sides that 

prevent wind blowing leaves into or out of the 

traps).  

 

There seems to be no consensus on the 

sampling design of the traps (Jonckheere et 

al., 2004). 

Leaf area determination 

 

Leaf area can be calculated by means of either 

planimetric or gravimetric techniques. 

 

Planimetric approach 
 

Based on the correlation between the 

individual leaf area and the number of area 

units covered by that leaf in a horizontal plane 

(Jonckheere et al., 2004). Leaf perimeter can 

be measured with a planimeter, and its area 

then computed. Special instruments have been 

designed for this purpose. 

 

Gravimetric method 
 

Based on the correlation between dry weight 

of leaves and leaf area using predetermined 

leaf mass per area (LMA, determined from a 

sub-sample). Once the LMA is known, the 

entire field sample is oven-dried and leaf area 

is calculated from its dry-weight and the sub-

sample LMA (Jonckheere et al., 2004). LMA 

variability represents a source of uncertainty. 

 

Indirect methods 

 

In indirect methods, leaf area is inferred from 

observations of another variable. They are 

generally faster, amendable to automation, 
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and thereby allow for a larger spatial sample 

to be obtained, thus they are becoming 

increasingly important (Jonckheere et al., 

2004). 

 

Indirect contact LAI measurements 

 

Inclined point quadrat: it consists of 

penetrating a vegetation canopy with a long 

thin needle at specific angles and counting the 

number of contacts with “green” canopy 

elements. The principal disadvantage of the 

method is the large numbers of points needed 

making the technique laborious, and its 

unsuitability for canopies exceeding 1.5m in 

height (Jonckheere et al., 2004). Breda (2003) 

reviewed an approach of light transmittance 

measurement through a canopy to obtain 

information on daily of LAI changes within a 

stand. The indirect non-contact measurements 

do not distinguish photosynthetically active 

leaf tissue from other plant elements such as 

stem, branches or flowers, and corrections are 

therefore required. Another important 

complicating factor is the clumping of 

individual needles on branches of needle leaf 

species which leads to LAI underestimation; 

correction methods have also been developed 

for this effect (Weiss et al., 2004; Jonckheere 

et al., 2004). 

 

Existing satellite measurement methods 

and standards 

 

Morisette et al., (2006) reviewed the 

techniques employed in various countries to 

produce and evaluate LAI products derived 

from satellite measurements. They also 

identified the required elements for an 

international satellite-based products 

validation effort: an organizational entity, the 

willingness of participants to improve the 

consistency between methods and results, a 

mechanism for sharing the data along with a 

description of the procedure used, and the 

synthesis of data and results into global 

accuracy statements. Leaf area index in fruit 

crops (Fig. 1) was calculated with using an 

instrument called digital plant canopy imager 

(CID Bio Science, Inc). Leaf area index is the 

ratio of foliage area to ground area. Canopy 

imager is having optical sensor consists of 

fisheye lens and an optical system. The fish 

eye lens sees a hemispherical image, which 

the optical system focuses onto the 

photodiode optical sensor, which is made up 

of five concentric rings. 

 

Minimum quantities of leaf area and shoot 

structure are required for setting large fruit 

crops (mango, guava, Sapota and Strawberry) 

and as compared to annual crops (e.g., 

cereals), little information about the LAI 

(relationship between leaf area and occupied 

soil area) is known about horticulture plants; 

so that the significance of the leaf area index 

is more to know the LAI in combination with 

sunlight interception is useful as a basis for 

analyzing canopy productivity. So, leaf area 

index is an important measure of canopy 

structure because tree morphology, leaf 

orientation and distribution influence LAI 

estimates. Trees of different species can have 

therefore very different LAI values. 
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