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ABSTRACT

The method of ‘total vertical projections’ was applied to develop a non-destructive, unbiased
method for estimating total root length from 2D projections of 3D structure in young developing
plants. No assumptions regarding the isotropy or randomness of root structure and branching are
required. To illustrate the procedures, crested wheat grass plants (Agropyron crisrarum L.) were
grown in polycarbonate magentas containing a uansparent tissue culture medium. Estimates of
root length, diameter, and branching were obtained over a four week period at approximately
three day intervals. The method of estimating total lengths from vertical projections was found to
be very robust with estimated sampling coefficients of error generally less than 5% for 50-100 grid
intersection counts. Biological coefficients of variance for total length were between 30-70%, and
were largely attributable to variation in the degree of secondary root branching.

Key words: Agropyron cristatmn L., Branching pattern, Diameter, Growth curves, Total
length, Total vertical projections, Surface area, Unbiased stereology, Variability.

INTRODUCTION

Our overall goal is to develop unbiased stereological procedures that can be used by plant
scientists to estimate the major geometric parameters of plant root growth under various
environmental conditions. Important parameters include total length, volume and surface area of a
root system, maximum root depth, diameters, lengths, surface areas and volumes of roots at each
level of branching, frequency of branching for each branching level, length of root hairs, and
interrhizal area surrounded by roots and their branches (Box, 1996). In this pilot study, the
method of ‘vertical projections’ was applied to monitor during early development the total length,
lengths at each level of branching, frequency of branching, and diameters of root systems grown in
a transparent growth medium.

THEORY

Gokhale (1990) showed that the mean length of a set of curves in three dimensions per unit
reference volume, Lv, can be estimated from ‘vertical projections’ obtained by rotating the curve
about an arbitrary fixed axis (the ‘vertical’ axis), and projecting the curve through a slice of














