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ABSTRACT

The fate of herbicides in experimental studies can be observed by @asuring the total shoot lenght of submerged
aquatic plants, such asM. spicatum and E. canadensis Manual measurement of the shoot lengths takes a lot
of time and is di! cult to trace. An ImageJ application has been developed to measure the dividual shoot
length of the plants taken by a digital picture. After thresholding th e picture, the binary image is transferred
to a skeleton and the skeleton to a weighted graph using the ImageJ plugr Analyze-Skeleton. The nodes in
the graph are the junction pixels and the edges are the slab pixels. Theeight of the edges corresponds with
their length. In computer science, the FloydWarshall algorithm is agraph analysis algorithm for ®nding shortest
paths in a weighted graph. A single execution of the algorithm will ®nd tte lengths (summed weights) of the
shortest paths between all pairs of nodes. The longest length can be cddsred as a good estimation of the
total length of the plant. The warshall algorithm was implemented in the Analyze-Skeleton plugin and used to
measure the length of a large number of plants of both specimens. The Igths measured this way were compared
with manual measurements. TheR? was 0.94 forE. canadensisand 0.91 for M. spicatum. From those high R?
values we can conclude that the algorithm works very well.
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1. INTRODUCTION

In aquatic risk assessment procedures for herbicides within theontext of EU Regulation 1109/2009/EC, tests
with rooted submerged macrophytes may be required. The ecotoxicobical impact of herbicides in experimental
studies can be observed by measuring concentration-response retatiships for the endpoint total shoot length of
submerged aquatic plants, such aMyriophyllum spicatum L. (Eurasian Watermilfoil) (Figure 1(a)) and Elodea
canadensis(American Waterweed)(Figure 1(b)), as recommended by the HARAP workshop!

Traditionally these lengths are measured manually, but this takes a lotof time and is di! cult to trace. Auto-
matic measurements using a digital photograph and ImageJ was researchedn ®rst instance after thresholding
the image lengths were measured with standard measures from 'Analyze Pérles'. Unfortunately none of those
measures gave good correlation with the manual measures. Therefore amepproach was developed using the
skeleton of the binary objects.

2. EXPERIMENTAL SETUP

After harvesting, the plants are cut in pieces and placed on a back illurination table. In order to be able to
measure the plant color accurately also front illumination was used. Theobject was coded with a QR-Code
placed on the table and a calibration disk with a ®xed size of 50 mm diametg®gure 1). Images are recorded
with a Nikon D90 Camera equipped with a Nikon AF-S DX NIKKOR 16-85mm objectiv e lens. Before recording
the images the total shoot length was measured manually. One to three imagewere needed per plant to hold
all the pieces. The images were analyzed using the procedure deded in section 3. Finally the manual and
automated measurements were compared.
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Figure 1. Example image of M. spicatum (a) and E. canadensis (b). The upper-left corners shows the QR-Coded object
information along with a calibration disk.
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