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ACCURACY OF LEAF RECTANGULAR AREA ADOPTION 

IN GROWTH STUDIES: THE CASE OF TOMATO (Lycopersicon esculentum Mill) 

J. G. Bodunde and J. D. Olarewaju 

Abstract 
The efficacy of a simple time-saving method of leaf area estimation in 
tomato plant growth studies, the' leaf rectangular area (L.R.A) was 
examined. The main objective was to establish whether or not a method 
could be appropriate in leaf area estimation in situations where time and/or 
facility are limiting. Thus, LRA, derived from leaf length and breadth 
dimensions, was correlated with leaf area estimated through conventional 
means at weekly interval from four to eight weeks after transplanting. 
Simple correlation analysis was used to determine the degree and type of 
association between the two methods while a regression of LRA on actual 
leaf area was done for linear regression analysis. Highly significant 
positive correlation values were obtained throughout the sampling period, 
and the coefficient of determination for linear regression was high 
indicating that the use of LRA in leaf area estimation could substitute for 
the conventional methods which are often time consuming and instrument- 
dependent. Fit equations for leaf estimation were written for the different 
plant growth phases. 

Introduction 

Leaf area determination is prime in plant growth and analysis studies especially in the estimation of 

quantitative growth indices. Leaf area estimation has been made in previous growth studies with various 

methods which have had varying degrees of acuracy in various crops (Spencer, 1962; Bleasdale, 1978; 

Igbokwe et al, 1984; Nwachukwu and Ene, 1987). A good leaf area estimation method should be reasonably 

accurate for the characteristic leaf type and should be fairly rapid to ensure a wide coverage per unit time. 

Watson and Watson (1953) adopted the use of indirect method, where the dry weight of a known leaf area is 

used by proportion to determine the area of a given lead dry weight. The method is fast as only the initial leaf 

sample area is measured while the subsequent samples are merely oven-dried and the area is arithmetically 

estimated. The use of leaf rectangular area (LRA) however could be equally fast and with an added advantage 

of not requiring the use of an oven with its attendant labour and time inputs. 

Direct leaf area estimation through the use of grids with squares of known areas was used by 

Freeman and Bolas (1956). This method is however unsuitable for small leaflets of a compound leaf as in 

tomato plant. Thus in further search of a fast leaf area estimation method with acceptable accuracy, Spencer 

(1962) tried the use of LRA on cassava leaves. This linear measurement he compared with both the 

planimeter and punch methods in simplicity, rapidity, and accuracy. He concluded that in spite of the 

irregular shape of the cassava leaf, linear measurements could be used in determining the leaf area of cassava. 

He indeed observed a highly significant positive correlation (r = 0.941) between cassava LRA and lanimeter 

measurement. This method was also earlier used for cotton (Gosspium spp) leaf by King and Lawes (1957), 

and they observed a high degree of accuracy in using it. 

Much later, Nwachukwu and Ene (1987) tried a non-destructive method for ginger (Zingiber 

officiate) leaf area estimation through the use of a regression equation “Area = 0.64LW + 1.33” where L and 

W represent length and broadest width respectively of the leaf whose area is being determined. The initial 

equation was derived through a regression of measured leaf on LRA. This method was found accurate and 

rapid as repetitive measurements were avoided through the use of the regression equation. 

Though the tomato plant leaf is not as broad as either the ginger or cassava leaves, this study 

examined the accuracy of LRA in leaf area estimation in tomato, and considered the reliability of its adoption 

as a rapid and simple method for use even for other leaves similar in morphology to tomato leaf. 
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Materials and Methods 
Seedlings of tomato (cv. Roma Vf) were raised through a nursery and transplanted at four weeks old 

into plots of sizes 8m x 4m. The experimental design was a randomized complete block (RCB), with four 

replications. Plant spacing was 45cm and 60cm intra and inter row respectively. 
Sampling for leaf area determination commenced at four weeks after transplanting (WAT) and 

continued at weekly interval until eight WAT. Samples were chosen based on a pre-determined plant position 
per plot. In all cases, destructive sampling was done and about 10% of total plant population per plot was 
used as samples. 

Actual leaf area of an initial sample was determined by adopting the grid tracing method of Freeman 

and Bolas (1956), through the use of centimeter graph sheets. Leaves of known area then oven- dried and a 
proportion between area and weight established following Watson and Watson (1953). Using a modified form 
of the Nwachukwu and Ene’s (1987) method, the LRA of the samples were determined prior to oven-drying. 
However, rather than use other broadest width as Nwachukwu and Ene did, the mean of the top, middle, and 
bottom width was used to avoid having an exaggerated figure. 

Determined LRA values and the actual (measured) leaf area values were subjected to simple 

correlation and linear regression analyses to establish the degree and type of association between the two 
methods. The LRA was regressed over actual leaf area value for each sampling time. Inferences were drawn 
based on the values of correlation coefficient(r) and the coefficient of determination for linear 2 

regression^ ). The variance ratio (F) test was used to determine the statistical significance of linear regression 

according to Gomez and Gomez (1984). Where a significant linear relationship was found, a regression 

equation was written to determine the relationship between actual leaf area and leaf rectangular area (LRA). 

Fit equations were based on sampling times rather than using a single equation regardless of growth phase 

because according to Khan and Segar (1967), an appreciable variation exists in the morphology and 

physiology of the tomato plant at different growth stages. 

Results And Discussion 

Highly significant positive correlations were observed between actual leaf area and LRA at each 

sampling time from 4 to 8WAT (Table 1). A close relationship thus exists between the two variables as 

earlier found for cassava by Spencer (1962). Like cassava, the tomato compound leaf is also irregular in 

shape and the opinion of Spencer that the reliability of the use of LRA for easy leaf area estimation is not 

limited to simple, broad, and regular margin leaves. 

Results of the regression analysis of variance indicated that there was a highly significant linear 

relationship between acual leaf area and LRA at all sampling times. Values of the coefficient of 
2 

determination for linear regression^ ) were also high in all cases (Table 2). 

The highly significant linear relationship strongly indicates the reliability of the use of LRA, thus fit 

equations for respective sampling times were written as follows: 

 

Note: Y represents leaf area at given value of LRA(x) 
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4WAT: Y = 14.46 + 0.79x 

5 WAT Y = 138.05 + 0.68x 

6WAT: Y = 346.88 + 0.74x 

7WAT: Y = 84.96 + 0.97x 

8WAT: Y = 1.47 + 1.09x 
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These equations give an indication of large values of leaf area during the very active vegetative 

growth phase of the plants (5 - 7WAT). This assumes that the unit leaf sizes that determine the length and 

breadth dimensions are not small as a result of increased number at this growth phase relative to the early 

growth phase. The trend questions the reliability of the use of a single leaf constant for estimating actual leaf 

area from LRA as given by Balakrishnan et al (1992). They gave a constant(k = 0.294) for tomato leaf area 

estimation from LRA regardless of plant growth phase. A single regression equation as used by Nwachukwu 

and Ene (1987) for cassava is also considered inappropriate for tomato because of its changing physiology 

and morphology with growth phase (Khan and Sagar, 1967). According to Fisher (1970), any error in an 

independent variable (LRA in this case) in a regression analysis would normally alter the regression value. 

Such errors are minimized in this study by adopting differential fit equations for sampling times. The 

noticeable likely decline at 8WAT agrees with the expectation that at this growth stage, fruiting is at its peak, 

and significant leaf area increase is unexpected. 

The regression of leaf dimensions on measured leaf area has variously been used to facilitate leaf 

area estimation in various crops. Lai and Subbarao (1951) used it for cereals, King and Lawes (1957) for 

cotton, Spencer (1962) for cassava, and Igbokwe et al (1984) for cocoyam. Its use was found acceptable in all 

cases. .Observations reported in this study equally shows that it could be used with fair accuracy in tomato. 

The tomato plant compound leaf is irregularly toothed such that the common planimeter where available, may 

not accurately measure its area. The leaves are also usually in large numbers per plant. The use if LRA 

presents an acceptable fast and time saving means of leaf area estimation in tomato. 

Conclusion 

This study shows that the adoption of LRA is a viable alternative in tomato leaf area estimation in 

situations where both time and facility are limiting. As a relatively fast method which could be applied in a 

non-destructive sampling, its use in large experimental fields is feasible and of advantage. 
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The subscripted figures in the variable represent weeks after transplanting. 

• Significant at P = 0.05 

• ** Significant at P = 0.01 
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Table 1. Correlation Coefficient(r) for Lead Rectangular Area (LRA) Versus Actual Leaf 
Area (LA) in Tomato Plants 4 - 8 WAT1 

 LRA4 LRA5 LRA6 LRA7 LRAg 

LA4 0.9771* 0.6744 -0.0255 0.1384 0.0311 

LA5 0.7122* 0.9779** 0.3163 0.3076 0.2613 

LA6 0.0429 0.3021 0.9285** 0.2805 0.5791 

LA7 0.2977 0.4315 0.2740 0.9895** 0.8446* 

LAg 0.0890 0.0762 0.5147 0.1344  

 

Table 2 Coefficient of determination (r2) for Linear regression of LRA over LA at various 

Sampling Times 
SAMPLING Time (WAT)* 

 

4 

 

5 6 7 

8 

 

R2 

 

0.941 0.943 0.846 0.980 0.723 

*Weeks after transplanting 
 


