












GERMINATION ,IN EUPHRASIA 7 

does not, while some seeds do not in any case germinate in their first spring after sowing. 
Among the results quoted from previous workers on Euphrasia, only those of Nichols 

appear to provide positive evidence of better germination resulting from outdoor winter 
conditions, while the results of Neidhardt are complete enough to suggest positively an 
absence of any such effect, except for a reduction in germination at the very high temperature 
of 30°C. However, Heinricher (1909, p. 285) made observations on Rhinanthus which 
suggested that the duration and severity of winter cold had an effect on germination. 
The controlled experiments of Vallance (1952) on Rhinanthus showed that seeds kept 
moist at 20°C failed to germinate, even after a year of such treatment. Germination 
required a period of several weeks of chilling, after which it took place more rapidly at 
higher temperatures. It seems probable that Euphrasia has similar requirements, though 
if so the rather frequent· germination under greenhouse conditions would have to be 
accounted for. However, the maximum temperature which will give effective chilling has 
not been determined, and the question of whether chilling can be effective if it shows a 
diurnal rhythm has not been examined. There is a possibility that night frosts in late 
summer might have provided a sufficient chilling effect in some seed samples that have been 
used in experiments. It is noteworthy that. ValIance obtained germination throughout 
the year, though no seeds germinated less than two months after ripening. 

It appears from my results that a spread of germination over a period of years is 
normal, though the proportion of second-spring germination is doubtless increased by 
late sowing. Previous workers who obtained germination over two or three years only 
did so in rather late-sown samples. However, in 1909 Heinricher (1909, p. 284) appeared 
to regard a spread of germination over two years as normal in Euphrasia, Odontites and 
Rhinanthus, and mentioned an occurrence of third-spring germination in Rhinanthus. 

The spread of germination over a number of years is probably due to hereditary 
differences in the seeds, maintained .by selection. This spread of germination is clearly 
of advantage in the event of an unfavourable season, such as a very dry sumnier in the 
lowlands, or an unusually cool and short one in the mountains or in the Arctic. 

THE SEEDLINGS OF EUPHRASIA AND THE FORMATION OF HAUSTORIA 

Parasitism in the Rhinanthoideae was discovered by Decaisne (1847). He found that 
the roots of Alectorolophus (Rh inanthus) , Melampyrum and Odontites had haustoria by 
which they were attached to the roots of "Gramineae, of shrubs and even of trees." 
(Melampyrum is a parasite of shrubs and trees). His observations were supported by those 
of Henslow (1847) who found Euphrasia officinalis* and E. odontites (Odontites verna 
(Bell.) Dum.) bearing haustoria by which their roots were attached to the roots ofGramineae. 
Henslow also found isolated Euphrasia plants, which he supposed had destroyed their hosts. 

Koch (1891) found that in Euphrasia growing parasitically on other species the haustoria 
only seized living roots, and they only parasitized the youngest or thinnest host roots. 
In Melampyrum, as opposed to Euphrasia, the haustoria attach themselves to dead organic 
matter. Saprophytism occurs in Euphrasia and Rhinanthus only after the end of the parasitic 
activity of the haustoria, when the affected host roots have died. Haustoria were observed 
also by Wettstein (1896), being numerous on plants of E. rostkoviana Hayne grown in 
troughs in the open, in which grass seed had been sown the previous year and in which 
they grew well and flowered. Heinricher (1898b) grew E. salisburgensis Funck, E. rost­
koviana and E. minima lord. out of doors, and found well-grown Euphrasia plants with 
haustorial attachments to a variety of other plants. Wettstein reported that the identification 
of host plants in the field was difficult because the Euphrasia roots are very thin and· because 
when the Euphrasias are flowering, the host roots are dying, and nourishment continues 
saprophytically. However, he recorded the formation of haustoria by several species 
of Euphrasia on a variety of host-plants in the wild (1896, 1897), as also did Crosby-Browne 
(1950) for E. salisburgensis. 

Parasitism of Euphrasia plants by others of their kind was observed by Koch (1891). 
Euphrasia seeds were germinated in pots and where 'they were very crowded some individuals 

·Formerly all British Euphrasiae were referred to E. officinalis L., which is now treated as a nomen ambiguum. 
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grew faster than the rest and were found to be attached to their neighbours by haustoria. 
Wettstein (1897) also found Euphrasia plants attached to one another by haustoria in pots 
of E. rostkoviana which had been sown with no host-plant, although in one a weed was 
being parasitised by the Euphrasia. Heinricher (1898a) reported that thickly-sown seedlings 
of Odontites odontites (0. verna) with no host-plant had haustorial initials at the contact 
points of their root systems on 29 April, germination having started on 12 April. The 
genus Odontites is closely related to Euphrasia. 

The anatomy of the root of Euphrasia has been described by Neidhardt (1947). 
Wettstein (1896) gave anatomical drawings of haustoria, and described the root system 
as consisting of extremely fine roots, with few root hairs, which occurred singly near root 
tips and on haustoria, and densely in a ring at the base of the hypocotyl, where they play 
a part in the initial anchorage of the seedling. He reported that his observations on the 
anatomy of the haustoria of E. rostkoviana agreed fully with those of Koch on "E. officin­
alis." Koch (1891) investigated in detail the anatomy of the haustorium. Characteristic 
of Euphrasia are the small size and slight growth in length of the haustoria, the simple 
tracheal strand (formed from one row of cells), and the clasping structures round the edge 
of the contact surface of the haustoria. Root hairs are more or less isolated. The attacked 
host root becomes internally disorganized, and the attack becomes saprophytic. About 
this stage, the haustorium becomes filled with food reserves and its tissue becomes loose, 
with intercellular spaces. The haustorium penetrates the cortex and comes into contact 
with the vascular tissue of the host root. Neidhardt (1947) stated that the roots of seedlings 
growing alone penetrate deeply into the soil, while seedlings growing with host-plants 
have comparatively short taproots which bear abundant branches. He also recorded that, 
whereas lateral roots arise endogenously, growth of haustoria begins in the outermost 
layer of the cortex. I have not consulted the anatomical works by Hovelacque and by 
Spoerri, nor the physiological work by Kostytschew, that are cited by Neidhardt. 

An attempt was made by Fraysse to find out what materials were obtained from the 
host by the parasite (Fraysse, 1906). Praysse (l.c., p. 99) observed haustoria of E. officinalis 
in fields in Savoie in September attached to the roots of various Gramineae, Compositae 
and Leguminosae, and to the rhizoids of mosses, etc. He found autoparasitism (and 
parasitism) commonly in a relative of Euphrasia, Odontites rubra var. serotina (0. verna 
subsp. serotina (Dum.) E. F. Warb.) (Fraysse, 1906 p. 89). 

Regarding penetration by haustoria, Fraysse found that in Trifolium and Taraxacum 
they usually penetrated the cortex but reached the host xylem only exceptionally (p.99), 
the parasite in this case being E. officinalis. In Monocotyledons the haustoria always 
reached the centre of the root, and sometimes divided the entire stele. 

Fraysse tested the haustoria and adjacent regions of host and parasite for starch (p.92). 
In this investigation the parasite was Odontites. The roots were collected in August; some 
from plants which had not yet started to flower, and others from freely-flowering specimens. 
In the roots of Ranunculus repens and Trifolium repens, testing with iodine showed a 
disappearance of starch from the region around the haustoria. From the distribution 
of reducing sugar. in the haustorium, as indicated by the Fehling reaction, Fraysse concluded 
that glucose was passing from host to parasite. 

The roots of the grasses collected were poor in glucose as well as in starch, and on them 
the haustoria of Odontites contained little carbohydrate; consequently, Fraysse concluded 
that they obtain from grasses only water and whatever solutes it contains. 

Haustoria of Odontites on Leontodon autumnalis behaved as on Ranunculus and 
Trifolium. 

In the haustoria of Euphrasia Fraysse found the same physiological mechanism as in 
Odontites. He states that the haustoria were constituted only for obtaining carbohydrate, 
but mentions the presence of abundant protein granules in Euphrasia haustoria on Trifolium 
and Taraxacum (p. 99 seq.). 

My own observations support many of those of previous workers, and slightly extend 
them. 

The appearance of the seedlings of Euphrasia is shown in Fig. (p.19). Photographs of 
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sets of seedlings of seven species, including the seedlings shown in Fig. I b - d, were taken on
1 or 2 April 1953. The youngest seedlings are just free of the testa, or have the cotyledons
still within it; the oldest show the first pair of leaves. The degree of root-branching in plants
of apparently similar age appears to vary from population to population. At the base
of the hypocotyl a tuft of root-hairs develops; they give the impression of being effective
in anchorage, and are probably necessary to ensure that the cotyledons come above ground.

lL
~L

~

b c

Fig. 1. (a) Seedling of Euphrasia occidentalis, grown in the greenhouse, drawn on 3 February 1953, four
weeks after the cotyledons had appeared above ground. (b)-(d) seedlings of E. con/usa, drawn from photo-
graph taken at beginning of April 1953 (Root hairs not shown, except for tuft at base of hypocotyl).

All approx. x 2

If they were absent the seed and cotyledons would give anchorage, and the hypocotyl
would probably never appear above ground. Root-hairs are sparse elsewhere on the root
system of the seedling; they are usually absent from much of it, and occur in groups here
and there (Fig. 1 a). They also seem to develop around hau~toria. It was noted that on
five seedlings of E. occidentalis sand grains and organic debris were found firmly attached
wherever root hairs were present. The root system often appears to branch more in pieces
of peat in the potting compost than elsewhere.

Lateral branches are swollen at their base, and the initial of a lateral branch looks
similar to a detached haustorium (Fig. 1). No haustoria could be seen by direct observation
in any of the sets of seedlings photographed; seedlings which were left for a much longer
time in the pot in which they had germinated formed haustoria, however. Two small pots,
one containing seedlings of E. micrantha and the other E. confusa Pugsl., were investigated
on 20 June 1953. Neither pot contained any plants other than Euphrasia and in both
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haustorial connections between Euphrasia roots were seen, as well as haustoria which had
become disconnected when unearthed. In the E. micrantha sample, roots connected by a
haustorium were traced back to two different plants (Fig. 2.). In this sample a
haustorium was also found connecting two branches of the same root system; another

Imm[

Fig. 2. Two pieces of Euphrasia root, each belonging to a differelit plant, one connected to the other by
two haustoria. (E. micrantha. 20 June 1953).

connection of this kind was found on 13 August 1955 in the roots of an isolated plant of
E. nemorosa growing in a pot with no host plant. Connections between Euphrasia roots
were found in 1954 in two cultivated samples of E. nemorosa in which the plants also had
haustorial connections with Medicago lupulina L., and in 1955 when the Euphrasia was
also parasitic on Hieracium pilosella L.

Haustoria attached to cultivated M. lupulina were also seen in 1954 on E. anglica
Pugsl., several hybrids and, in abundance, on E. salisburgensis (from Austria) and E.
pseudokerneri Pugsl. Haustoria on host roots were found alsp on E. micrantha. The
intended host was M. lupulina, but young plants of Ranunculus sp. and Lamium purpureum
were also in the pot at the time of examination. Haustoria were found connecting E.
nemorosa to Hieracium pilosella and E. scottica Wettst. to M. lupulina (in 1955 and 1956
respectively). These observations were made when the plants were well-grown and were
about to be pressed. The soil ball was knocked out of the pot and the haustoria were seen
in the masS of roots at its periphery. Two poorly-developed plants of E. pseudokerneri
examined in May 1952 were found to have haustoria. One had flowered and fruited
precociously in a pot with Pelargonium x hortorum Bailey; when dug up the Euphrasia
had detached haustoria and one haustorium attached to a dead piece of Pelargonium root.
The other Euphrasia was dug up when nearly dead; it was growing in the presence of
Plantago lanceolata and Prunella vulgaris and it had a few haustoria where its root was
closely applied to a dead root of one of these plants.

Very vigorous plants of E. nemorosa were grown in the garden in embedded' whale-
hide' pots (which rot fairly quickly in the soil) with Plantago lanceolata as host. The roots
of two host plants, together with their parasites, were pulled up and preserved in alcohol.
The roots of each host, with its parasite, formed a dense mass in which there were numerous
haustoria, but in which it was difficult to make out connections. However, each host
was seen to be connected to its parasite by haustoria. In both cases haustoria were seen
on large Plantago roots six or seven times as thick as the Euphrasia roots bearing the
haustoria, and in one case also on relatively thin host roots.

I have not been able to trace the roots parasitised by wild Euphrasia plants back to
their origins, except for those of a plant of Trifolium repens parasitised by E. nemorosa
This was found by Mr. E. K. Horwood growing isolated in cinders which were very easily
washed out of the roots. I have been able to find haustoria attached to the roots of unknown
host species in young E. occidentalis and E. pseudokerneri dug up in early May and having
four pairs of leaves visible. Some of the haustoria of these plants and of the plants cultivated
with Plantago lanceolata in the garden appeared to be terminal instead of lateral as theyusually are. .

Euphrasia seedlings which are not established on host-plants show very slow growth
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above ground, and the leaves they produce are small. However, the root· system grows 
quite actively, and produces an appreciable length of very fine roots. For cultivation it 
is usually necessary to. transplant the seedlings from the pots in which they germinate 
into pots provided with host plants. The earlier the seedlings are planted out the less they 
are damaged in the process, and it is therefore necessary to plant them out when they are 
extremely small. In practice it seems better not to plant them out as soon as they are 
visible above ground, but to do so two to four weeks after they appear. For example, 
suitable seedlings for planting out would be those shown in Fig. I (a), (c) and (d), while 
the plant in Fig. 1 (b) would have too little root to make it desirable to transplant it. 

DISCUSSION OF HAUSTORIA 

Some small differences between my observations and those of previo~s workers may 
be noted. Haustorial attachments to live host roots can be found, and are in fact the 
rule in my experience, in Euphrasia plants that are well into their flowering period, whereas 
Wettstein stated that the host roots were dying when the Euphrasia plants were in flower. 
It seems possible that the saprophytic phase of the haustorium described by other workers 
exists alongside the parasitic phase, and that new haustoria continue to be formed until 
the Euphrasia plant begins to die. Kinds of haustorial attachments that have apparently 
not been recorded before are those between two Euphrasia roots formed even when a host­
plant is present, and those between two roots belonging to the same Euphrasia plant. It 
seems, therefore, that Euphrasia roots have no immunity to attack by their own kind, and 
that the necessary stimulus to haustorium formation is merely contact with another root. 
This is consistent with the wide host range which Euphrasia species show (see Crosby­
Browne, 1950). The occurrence of terminal haustoria does not seem to have been reported 
before. 

SUMMARY 

1. Previous work is summarised. 
2. Seed of Euphrasia may lose its viability in a few months in dry storage conditions, 

and has rarely been germinated when stored for a year and never when stored for two years 
or more. 

3. Germination is normally confined to the months January to May. 
4. Some samples give good germination without exposure to winter cold. Others 

fail to germinate, or germinate less well, without it. 
5. Germination may be entirely or partially delayed until the second spring after seed­

sowing; complete postponement is more common with late sowing (January to April). 
Partial postponement is probably the rule, and germination may occur in the third and 
even the fourth spring. 

6. Germination behaviour and the percentage germination have been found to be 
very variable. . 

7. Euphrasia roots are very slender and are almost devoid of root-hairs except at 
the base of the hypocotyl. Above-ground growth is slow before establishment on the host. 
Young seedlings can be transplanted. 

8. Haustoria sometimes appear to be terminal on the Euphrasia root; usually, however 
they are lateral: 

9. Haustoria may attack roots ef Euphrasia belonging to another plant or even to 
their own plant. 

10. Various species of Euphrasia were found to have haustoria attached to the roots 
of a number of host-plants. 
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