PATHO-ANATOMY OF ROOTS ATTACKED BY NEMATODES

By MeuviLLe T. Coox, Plant Pathologist,
Insular Experiment Station, Rio Piedras, P. R.

Very little study has been made in America of the anatomy of
plants attacked by nematodes since the publication of Atkinson’s
‘“Nematode Root-Galls’’ (1) in 1889. During the past few years the
writer has devoted some attention to this subject and the data on the
dicotyledonous plants will be presented in this paper. The plants
used in these studies were tomato, tobacco and ornamental Coleus.
The results were the same in all cases and it would have been im-
possible to distinguish them except for the labels. The galls were
caused by Heterodera marioni (Cornu) Goodey (= Heterodera radi-
cicola Greeff).

The nematodes attack the very young roots. The writer is of the
opinion that they rarely, if ever, attack roots more than one millime-
ter in diameter. Young roots contain a large amount of tissue that
is capable of division when stimulated. This includes the ecambium,
cortex and medullary rays. The parasites penetrate into the cortex
and the rays where they stimulate an excessive growth. The writer
is of the opinion that they rarely if ever penetrate into the fibrous
or tracheary tissue.

All cells that retain the power of division are stimulated by the
parasites. This stimulation results in the formation of a large num-
ber of very small cells in close contact with the parasite while those
a distance are much larger (Figs. 3 & 5b). When the nematode at-
tains full size the stimulation appears to cease and the cells become
larger (Fig. 4b). The parasite does not appear to stimulate cell divi-
sion or growth in the fibrous or tracheary tissues, but does push them
out of the normal position. The parasite also causes the formation
of tracheary tissues from and in the parenchyma tissue (Fig. 1b.)

Nematodes in the axis cylinder (Fig. 2) penetrated through the
parenchyma cells and not through the fibrous or tracheary cells.

The writer is inclined to believe that galls may be reinfected many
times and that reinfection accounts for the larger galls. The tissues
of a gall are highly meristematic as a result of stimulation by pre-
vious infections and are very favorable for reinfections. The tissues
of the large galls are in such a state of confusion resulting from the

large number of parasites and the reinfections that a histological
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study is of little or no value. Any satisfactory study of the develop-
ment of these galls should begin with the very young galls.

Atkinson’s studies evidently were made on the galls that were ad-
vaneed fo a point where it was impossible to determine the incipient
characters, but his deseription and discussion ave very interesting.
He said:

“#The worms locate preparatory to passing into the cystic state af various
deptha in the fissues of the root. They are not confined fo any parbicular tissue
element or system but loeate in the vaseular tissue of the central cylinder, the
cambium, parenchyma or even in the bark so that the body of the mature
female oyst is frequently only protected by a thin layer of the dead peripheral
tissue, or sometimes is even exposed. They seem to flourish better, however in
or nenr the softer tissues of the reot. It iy a very common thing to find dead
undeveloped female cysts, the majority of which I have always found in the
woody tissne of the eentral cylinder. TPossibly surrounded as they are by the
harder, more compact tissue there is less certainty of the male reaching them
for fertilization. This, however, is only & suggestion. I have mot demonstrated
it. Al of the tiissue elements in the diseased rcots underge hypertrophy, while
somo of them are subjeet to special changes in form as well as direefion of
growth.

¢*The parenchyma cells which normally have their tangential diameter greater
than the radial are so changed that the radial diameter is the greater. This change |
in form of the parenchyma cells seems fo obiain in nearly all of the parenchyma
in the gall whether very near a cyst or distant from it. The increase in number
of the wood and vascular cells of the central eylinder takes place though the
eyst may mot be located in or very mear it. In such eases the fibres and duets
have their normal longitudinal directiom. But if a cyst is located in or very
near the central cylinder the duefs are turned in their direction of growth
perpendicular to the axis of the root, bent around the eyst and then converge
on the peripheral side, when, left, without any controlling influence over their
direetion of growth they often perform very curious evolutions through the
parenchymatous tissue in all directions,?’

My results are not altogether in harmony with those given by At-
kinson, Some of the nematodes stop in the eortex of the roots while
others penetrate to the center of the axis cylinder which makes it nee-
essary to comsider the action of the nematodes on these two sets of
tissues.

The writer agrees with Atkinson in the statement that the nema-
todes are found in all the tissues of the galls but ag a result of stud-
ies on very young galls, the writer is of the opinion that the galls
originate in the very young roots and at a period when most of the
cells have retained the power of division. The writer is very doubt-
ful if the parasites ever penetrate into the fibrous and tracheary tis-
sues. The galls appear to originate in the young cortical tissues.
As a result of the irritation by the parasites the fibrous and tracheary
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tissues in the axis eylinder become distorted and sometimes displaced;
uew fibrous and tracheary tissues are formed in the cortical regions.

The size and shape of the galls depends primarily on the number
of parasites in the roots and to some extent on their position in the
roots and the age of the roots at time of infection. The writer is of
the opinion that roots of more than one millimeter are ravely if ever
infested.

The writer disagrees with Afkinson in his statement that ‘‘all the
tissue elements in the diseased roots undergo hypertrophy’”. There
is no hypertrophy of the tracheary tissue but new tracheary tissue is
formed from the cortex. The writer also disagrees with Atkinson’s
statement that ‘‘the parenchyma cells which normally have their tan-
gential diameter greater than the radial are so changed that the ra-
cial diameter is the greater’’. This statement is sometimes frue es-
pecially in the very large galls which contain a large number of the
parasites.

There is an enlargement of the roots due primarily to the exces-
sive division and growth of the cells of the eortex. In most cases
these cells are only slightly modified. Those next to the nematodes
are somewhat smaller than normal. The larger cells may be slightly
shorter (i.e. isodiametrie) than In mormal roots.

The cells in the axis eylinder do not inerease in number but are
pushed out of place by the growing nematodes.

There is a tendeney for an increase in the amount of tracheary
eells at the expense of the fibrous eells. Sometimes the axis eylinder
is supplanted by the nematodes.

One part of an axis eylinder may be distorted and the other part
normal.

The final result of the stimulation by the parasite is great masses
of cells, the formation of new fibrous and tracheary tissues whieh are
intermingled in the parenchyma in an irregular manmer.

Atkinson compared the nematede galls with those caused by Plas-
modiophora brassicae as follows:

““Bui if we take a thin transverse section of an enlarged root of each and
compare them all resemblanece vanishes. In a eross section of felub-foot’ the
first thing to atiract atfention is the great number of yellowish plasmodia, or
clse the spore masses within large ecells, distributed all through the tissues.
If the section is from an enlargement of a lateral roof, unless very large, there

will be little else to atiract the attention when compared with a healthy root
unless it be a slight enlargement of some of the other cells. The general ehar-
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acter of the root structure is but little changed. The tracheral tissie of the
axis cylinder, but little attacked is arranged in the same stellate form which
we find it in a healthy root. The ducts, even when immediately in contact with
cells containing plasmodia, are not turned from their longitudinal direction, or
if so only slightly. The cells are not elongated and curved around the enlarged
cells containing the plasmodium, but resemble the normal arrangement of small
cells around a large ome. Nor is the radial diameter of the parenchymatous
eells proportionately increased, but if the cells are enlarged it is usunally a
proportionate or mearly symetrical enlargement.’’

The above comparison is very satisfactory for a comparison of
sections of galls well advanced in their development. However, com-
parisons of the old galls are of very little value: Comparisons of
young galls would no doubt give us some information concerning the
developmental history. The writer has not had an opportunity of
studying the Plasmodiophora brassicae galls but judging from the de-
seription of the histology by Lutman (2) and Kunkel, (4) they are
much more simple in strueture than the galls caused by nematodes.
Lutman said:

““The difference between the cross-sections from a healthy root and those
from a diseased one lies in the presence in the greatly hypertrophied cells of
the cortical parvenchyma of an opaque, colorless, finely granular plasma. The
cortex is greatly increased in size and this enlargement is due to an inerease in
the mumber of the cells as well as to hypertrophy of the individuals. The
vessels are often bent and shoved out of their proper position in diseased roots,
but, as in normal omes, only contain air. The hypertrophied cells become filled
in the older roots with small round spores of the organism to which Woronin
gave the name of Plaesmodiophora Brassicte.

Kunkel does not give us the history of the development of the
very young galls caused by P. brassicae, but he said:

““Many of the host cells are very much enlarged, especially near the point
of original infection. During the sixteenth and seventeenth days the parasite
spreads still farther info the healthy tissues of the stem. It has not penetrated

very much deeper, however, and does not seem to be able to attack the woody
parts, at least to any very considerably extent.

¢“While the thickening of the cortex is accomplished more by cell growth
than by ecell multiplication, the swelling in the ecambium region is brought about
largely by an increase in the nmumber of cells.’’

He also stated that the cambium contributed to the enlargement,
that the cortex grew, that the cortical cells were enlarged while those
of the cambial region were small and that the parasite penetrated the
rays and stimulated the cells so that the bundles were forced apart.

It appears to the writer that the galls resulting from nematodes
are much more complex than the galls caused by P. brassicae.
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SUMMARY

1. Root galls caused by nematodes (Heterodera mariont) origin-
ate as a result of attacks on meristematic tissues of very young roots.

2. The parasite may locate in the cambium or cortex or penetrate
in the medullary rays.

3. There is no evidence that the parasite can attack fully formed
fibrous and tracheary tissues or that it can stimulate their growth,
but it can push them out of place.

4. The cambium, cortex and medullary rays are stimulated to ex-
cessive cell division and tracheary tissue is formed in the cortex.

5. The cells next to the parasites during the period of gall for-
mation are very small as a result of excessive cell division while the
more remote cells are much larger.
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EXPLANATION OF PLATE

Fig. 1. Oross section of small root showing location of nematodes.

F1g. 1b. Part of same showing the effect on the cells.

Fia. 2. Longitudinal section of small root showing location of
nematodes.

Fia. 8. Cross section of a root showing location of mematodes.
Note there is no tracheary tissue.

Fig. 4. Cross section of a root. Note there is no tracheary tissue,

F1a. 4b. Part of same. Note the enlarged parenchyma cells.

Fia. 5. Cross section of small root. Note there is no tracheary
tissue.

F1e. 5b. Part of same. Note the parenchyma cells.



