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A new dimension to observations in minirhizotrons: A stereoscopic view on root
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Summary With a stereoscope, as used for the inspection of aerial photographs, sequential
photographs of roots obtained by the endoscope method from ‘minirhizotrons’ can yield much
more information than hitherto. A serics of photographs shows that most of the roots seen in
a minirhizotron in grassland grew on the surface of the lexan tube, while there was a gap
between the roots and the soil. Decay of the extensive root hair zones around the roots may
make new root growth in the gap between rhizotron wall and soil invisible. Some consequences
of these observations for the endoscope method are discussed.

Introduction

Since Sanders and Brown® published an improved method for root observation through
tubes, ‘minirhizotrons’, in the field using fibre- optics for photography, many root rescarchers
have added small modifications to the method®**'?. The advantages of the method are clear,
as it is a nondestructive method, allowing frequent root observations in more replication
and under more natural conditions than the large rhizotrons?. When compared with root
densities obtained by washing soil samples, the relative amount of roots seen on the photo-
graphs were found to vary with depth in many cases.

Since 1980 we have used the method and performed calibration measurements on washed
soil samples, for various crops and soil types. As improvements to the method we Inserted
insulation material into the tubes to prevent water condensation on the rhizotron wall and
developed a technique for carefully inserting the tubes into prepared holes, pushing the tube
upwards by placing plastic bars on the lower side to improve contact between soil and mini-
rhizotron wall. Various angles for placing the tubes and various positions relative to crop
spacing were tested. A 30-degree angle to the horizontal appears to be a reasonable choice
for agricultural applications.

Still, some of the results are paor, as shown for example in Figure 1 for a grassland ex-
periment. In the upper 10—-15cm of soil, root density on the photographs is relatively low,
while the highest root density is observed at about 20 cm, which is not in agreement with
washed samples. Initially we thought that disturbance of the local water balance might be
responsible, as capillary rise to the soil above the tube is impeded. In carly spring and during
wet conditions, however, the phenomenon can be seen as well. In a number of crop/soil com-
binations problems occurred caused by a poor visibility of the roots, especially older brown
roots. The use of colour film gave some improvement, but still the pictures were rather vague
in certain periods (especially for sugar bect and grass on loam soils). The possibility of clay
adhering to the tubes was consideted, so the tubes were extracted for cleaning and then re-
inserted. This procedure may damage the roots and gives only a temporatry improvement.
It remained uncertain whether the phenomenon is the result of the observation technique
or a consequence of the obsecrvation situation of roots growing along an unnatural intetface.

“For the interpretation of aerial photographs it is common practice to use a stereoscope
on sequences of partially ovcrlupping photographs*, The stereoscopc makes it possible to see
a three-dimensionai image. We decided to test this method on root photographs. A similar
technique has been used to analyze X-ray radiographs of soils containing earthwonn channels®,
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Methods

- Most of the details of the method for oot photography as developed at out Institute have
been described by Vos and Groenwold'?. As minirhizotrons we use square tubes of ax8cem
outside mMeasurements made by welding 4mm lexan (2 polycarbanate which is more scratch
resistant than the polyacrylic piexiglass} sidesom 2 hardwood mold of exactly the right size.

A technique was developed for inserting square tubes into prepared holes in undisturbed
soil profiles. A support is fixed in the topsoil and guides an auger at the desired angle with the
horizontal. With the auger a cylindrical hole is made 10 the required depth. Subsequently,
this hoie is extended by hammering (o1 pushing hydraulically) 2 square sharp-<edged metal tube
slightly larger (5 mm) than the external measurement of the minirhizotron tube into the hole.
After the tube has been placed, 2 v-shaped plastic bar (4 mm thick) is pushed into the soil to
increase the contact of the tube with the soil. A block of polyurethane foam is placed into the
tube as insulation materiai and removed only when photographs are taken.

For the present purposé we used a series of overlapping photographs {of a 6 cry’ diameteT
circle on the rhizotron wall) taken every 75cm of the thizoTon wall. The rhizoton (lexan
tube of 8 X8 X 130 cm) was placed at an angle of 30 degrees to the horizontal in 1-yeal old
grassland on 2 sandy soil. Photographs Were taken in August 1984, after a dry period of one
month.

For the observations 2 simple stereoscope was used (ma.nufactured by Casella, London).
Figure 2 shows how the Stereoscope can be used to give 3 three-dimensiona\ view on the zene
of averlap between tWa photographs.

Figs. 3-6. Root photographs mounted for inspection with & simple S1ere0SCOPE | et part 3
Fig. 3. In the upper part some older Toots are et berween s21¢ gams‘;alnn rightly adherent
Resuits and discussion distinet 2ap exists between +he jexan Tube and the soil- Most Toots are grow g_n +he open space
Fi 3-6 sh h i ds Th i 4o the tubde, with extensive oot nairs on both sides; some toots aT¢ growing ¥
igures 3 5 a'w P otographs at vatious depths. 1he reader has to use 3 sterenscope 10 [photogxaphs at about 26 cm depth)-
see the three-dimensional effect.



- | R I T O v LY

'Fig. 4. A mat of older, disintegrating roots and root hairs is seen adhering to the tube wall.

A young white root is growing behind this mat, in the gap between tube wail and soil (at about
24 cm depth).

Fig. 5. A greyish ‘mist’ has been formed on the tube wall, with young white roots just visible
behind it (at about 18 cm depth).

The stereoscope opens up a new world of interpretation of root photographs and forms
an important addition to the method, comparable to the use of a binocular microscope in
large rhizowons' . From the preliminary cbservations reported here some tentative conclusions
can be drawn. The gap between the lexan tube and the soil is considerabie (several times the
diameter of a root) in the mgjority of the photographs. Most of the roots grow directly aiong
the lexan tube, forming abundant root hairs. Judging from the angle most roots make with the
base of the photographs, the conclusion can be drawn that Toots do not follow the fube pre-
ferentially but rather proceed in their original direction as much as possibie. By contrast. in
subsoil, potato roots were seen to follow the tube (the preferential angie of the roots on the
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Fie. 6. Disintegration of old roots has proceeded far enough for new young roots to be visible
(at about 4 cm depth).

photographs provides an easy check). In the figures shown, some branch roots penetrate the
soil from 2 main axis along the thizotron wall. Apparently the roots grow in quite an unnat.ural
situation, 2ithough in soils gaps of comparable magnitude may exist as one of the ‘micro-
sites’ for root growth. Figure 7 shows roots growing along aggregates in a clay soil which n'}ay
be comparable 10 a situation in which the 1oots grow along the tubes. Some theoretical im-
piications of soil root contact in such cases have recenily been described™ ',

Decay of roots, root hairs and root exudates may resnlt in ‘debris’ which obstructs the
view on new roots growing behind it. This fact may cause large errors in estimating rogt length
on the photographs. The stereoscope may help to see the roots in some cases, but still many
roots will be overiooked. For a quantitative assessment of roet length the endoscope method
will therefore be unreiiable, Keeping the tubes for a long time in permanent grassland would
seem to have the advantage of improving soil/tube contact due to soil settling along th? tubes,
but apparently roots may becom_;:!_aﬁely invisible. This effect is strongest in zones which pre-
viously had a high root density. Regularly removing the tubes for cleaning may be a waY’Of
overcoming these problems, but this carries the risk of damaging the roots. By first extracting
the v-shaped plastic bar from the lower side of the tube the risk of root damage may be re-
duced. .

In the literature reference is made to an influence on root growth of the rhizowon m'atenal.
Voorhees'' observed root growth behind plexiglass to be much poorer than in bulk soil. Eleﬁ;
trical charges on the wall and water-repellency are possible explanations. Taylor and Bohm
found more roots behind acrylic piastic than behind glass; they attributed this fact 10 2 beqer
contact of the glass wall with the soil. The use of lexan, which we selected because of its
strength and hardness. has rot been previously described in this context. .

The endoscope method may still give an opportunity to study the dynamics o.f root de-
velopment, root branching, root longevity and root decay, especially as root hairs can be
studied as well. In any sitwation one has to consider. however, whether or not the root may
experience conditjons different from those in the soil that favour local branch root develop-
ment on the rhizotron wall. As regards root longevity, the rates of decay-of 100ts and con-
sumption of roots by seil fauna may be larger than in bulk soil. Ina senes. of ph{:togaphs
of a potato crop we found two instances of & root which had disappeared (with all its bmnc!'s
100ts) in a two-week interval, probably consumed by one of the larger mcmbet_-s of the soil
fauna. In one of these cases the roots had grown in an earthworm channel which had been
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Fig. 7. Soilfroot contact in a clay soil, showing partly immersed roots on aggregate walls (A)
and roots growing freely in larger seil pores having soil contact through its root hairs only

(B).

accidently formed along the wall of the tube. Gaps and channels may be easily invaded by
100ts, but may carry increased risks of root damage as well. The same may be true for the
smazller gaps between the rhizotron wali and the soil.

The endoscope method appears to be best suited to provide information on root growth
dynamics. Destructive root sampling requires such high numbers of replicates at any time®,
that it is virtualty impossible to obtain detziled information on changes throughout the growing
season. Detailed observations on root photographs are useful for this purpose when they are
combined with data from destructive root sampling techniques for calibration purposes. The
sterecsenne will add important information in such a procedure.
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