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Construction and Validation of Regression Models
to Non-destructively Estimate Individual Leaf Area in Tomato

HIEI Kiyotaka, ITO Midori, BAN Yoshihiro and TSUNEKAWA Yasuhiro

Abstract : To assist tomato growers and agricultural advisers in calculating leaf area
index, we developed a method for non-destructively and easily estimating the area of
individual leaves of tomato. Fourteen types of regression-model candidates with
individual leaf area (y) as a response variable, and leaf length (L) and width (W) as
explanatory variables were cross-validated through examination of 742 leaves of the
cultivar ‘Rinka 409’. Moreover, these candidate models were validated using another
dataset (n = 70), which were obtained from one different cultivation environment.
Three models, which used width alone as an explanatory variable, were selected
based on predictive capability and accuracy. These three models were applied to
another four cultivars (n = 230). Consequently, two models were selected from these,
because of their higher predictive capability and accuracy across all cultivars. The
models were derived using generalized linear models with a normal distribution or
gamma distribution as follows: Ln () = a Ln (W) + b, where Ln denotes the natural
logarithm, a and b denote parameters. The above models using leaf width alone
showed higher robustness than models using both the length and width. Multiple
regression models, which include the length and width, seemed to involve
multicollinearity (VIF = 6.7-10.9), because there were strong correlations between
both variables (r=0.922-0.953) in the five examined cultivars.

Key Words : Non-destructive, Tomato, Leaf Area, Generalized Linear Model,
Multicollineality
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