GERMINATION - A REVIEW

Germination continues to be one of the major problems in the develop-
ment of irises of the aril and arilbred groups. Altho much experimentation
has been conducted on germination by various aril workers relatively few
have produced results whieh have been published. In a recent article in the
American Iris Society Bulletin (April 1966) Mr. Kenneth Kidd has compre.
hensively reviewed the iris literature on this subject and appended a sub-
stantial bibliography. In the discussion he has mentioned the early work by
Randolph and Cox in this country and Dr, Peter Werckmeister in Germany.
He also discusses Dr. Lee Lenz' work on aril embryvo eulture and cites two
recent. articles by Werckmeister. His review is recommended reading for all.

In aril work we encounter many problems which are perhaps more trou-
blesome than those found in other groups of bearded irises. Genetie factors
play a part in germination, and in aril and arilbred work these are of im-
portance. The germination capabilities of some bearded irises are quite high
approaching the 80% range for T.B.'s on embryo culture. This contrasts with
germinabilities of from none to almost 100% in the aril and arilbred fields.
There are many references to germinability in Aril Society literature most
of it coming in reports from embryo culturists,. While we rarely have com-
parable information about natural sermination we usually assume that types
of seeds whose embryos germinate on agar and which have apparently ade-
quate and normal endosperm will germinate naturally with proper handling.
That natural germination may be exceedingly proiracted is too well known
for much comment. The assumption that nice, normal appearing seed will
germinate naturally is not necessarily true — such seed may have no viable
embryos due to genetic factors. It also does not follow necessarily that seed
which have apparently normal endosperm and apparently mormal embryos
will germinate either on agar or naturally. Fortunately however, this last is
not the rule. Failure of embryos to germinate on agar even tho of normal
appearance has been frequently reported, especially from seed of erosses in-
volving some regelia blood. Since embryo culturists rarely try natural germ-
ination of some seed from the lots they culture it is impossible to know if
these embryos would have germinated on a different media or different
handling or whether the seed would have germinated naturally on planting.

Criticism has been extended towards germination work done without prop-
er “controls”. In aril and arilbred work the problem is complicated by a
number of factors. Embryo culture is perhaps the best control we have for
assessing germinability. Here, however, judgment and even philosophy en-
ters the problem. There is reason to believe that not all germinable embrvos
germinate on agar since the composition of the agar, its method of prepara-
tion, genetic factors and others have an influence. Also, we have the prob-
lem of germination anomalies. These include the often reported “all rools
and no tops”, “all tops and no roots”, and embryos which grow and appear
to germinate but which exhibit arrested growth rather early in comparison
with some of their pod siblings, and finally die. We might perhaps evaluate
the group on an “apparently normal” basis but this is a subjective judge-
ment and wou!d vary with the experience and insight of the observer. It is
felt that this may be an adequate evaluation where such work is done to esti-
mate the probability of getting reasonably good germination by “enlighten-
ed"” handling.

Another problem in our field is that seldom do we have enough seed for
controls to mean too much. From 20 seed of a cross how many could we af-
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ford to use as a control? Even if we sacrificed half the seed, would a “con-
trolled” germination test give statistially significant results? For embryo
culturists, who follow the practice of embryo culturing a portion of a cross
or lot of seed to check the condition of embryos and amount and appearance
of the endosperm as a prelude to the decision whether to plant or embryo
culture the balance, controls are no problems., At this writing despite some
of the problems mentioned above, either examination of the embryos or bet-
ter examination with eulturing of the excised embryos are the best controls
we have at this time.

We have some evidence that certain embryos which normally do not Eer-
minate on agar may germinate on natural planting. One of these Eroups is
that of seed from crosses of C. G. White hybrids x onco or regeliocyeli. Many
of such seed are of regular appearance, of normal size but have a tiny spher-
ical shaped embryos (Loveridge, Foster, Doran and others, Aril Society News-
Letters, various). These “Pro-embryos”, “immature embryos” or whatever
they may be correctly designated have been thought to be ungerminable on
agar. However, it has been reported that such embryos germinate on media
containing “Super-thrive” a proprietary plant hormone preparation .of un-
stated composition (Rich, Private communication 1965), Since such miniature
embryos are turgid, of normal appearing tissue the definite possibility exists
that these might germinate naturally under favorable conditions.

A few years ago the Species Committee received a large lot of I, sofarana
seeds. After a number of reliable embryo culturists reported low or no germ-
ination some 50 seeds were sent to the Boyce-Thompson Institute, thru the
kind auspices of Dr. Lela Barton. This institute is wor'd reknowned in the
field of seed germination, one of its principal fields of endeavor. The seed
were tested for germinability by Dr. Florence Flemion. Dr. Flemion cau-
tiously suggested (due to the limited number of seed avallable) that the dif-
ficulty’ appeared to be caused by micropylar contamination of the embryos
by fungi or bacteria, She stated that the institute had found many instances
of this in quite a number of species and genera.  Such contamination has not
been reported from garden pollinated aril or arilbred seed. The structure of
the micropylar region plus the fact thai a layer of tissue only a few thou-
sands of an inch thick protects the embryo from the contaminating influ-
ences of its environment after dehiscence makes such a thesis extremely
probable. While such contamination would almost certainly be fatal to em-
bryos germinating on agar it might not be to a seed germinating in the soil,
One always suspects bacteria or fungi of being inevitably enemies — how-
cver, some play a beneficial role to our plants. With garden pollinated seed
such micropylar contamination should be rare. However, the traditional
method of rolling freshly harvested seed in semesan or other mereurials
(which originated in cool areas of high humidity) may have developed to
prevent such contamination during storage. Garden pollinated onco species
seed usually germinate in excess of 907 on agar. whereas collected seed vary
very erratically. Shockey (1963) has suggested that seed collected from the
ground may have been killed by over-exposure to the high surface tempera-
tures of the habitats,

Normal planting as usually conducted would seem to be a very poor con-
trol for evaluating germination techniques. Birds, soil bacteria, and fungi,
and the insect life of the soil may take a fearful toll of seed unless these
factors are taken into account. The “Robins” have reported numerous in-
stances in which the media in which seed were planted was screened and
many seeds were either found missing or only the seed coats remained. The
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late Herbert Kerr wrote in an early news-letter of finding almost microscopic
while worms in some of his planted seed and recommended the use of diel-
drin at appropriate intervals to eliminate such soil insects. Other insects at-
tack the growing germinating seedlings prior to emergence, and earwigs are
notorious for amputating tiny seedlings, Aside from such items there are
too many variables involved in natural germination for it to be too good a
“eontrol”, to evaluate new methods too realistically. Despite other factors
excision of the embrye and examination, either with or without subsequent
culturing on agar, is considered greatly superior to normal planting for the
estimation of germinability,

Most of us are aware that there are seeds from certain types of crosses
which ecan hardly be handled successfully except by embryo culutre. These
include sceds with little or no endosperm and seeds with soft endosperm.
These are often found from 2n x 4n and viee versa crossings, and in other
wide crosses. The late Jack Linse advocated the “SQUEEZE TEST" for de-
tecting seeds with soft endosperm. The embryvos of such defective seed are
expelled thru the micropyle by sgueezing the seed with moderate pressure
of the fingers at harvesting. Grossly excessive pressure of course will expel
the embryos from some normal seeds. Our best present evidence is that
seed with soft endosperm can only be handled successfully by embryo cul-
ture, and that such endosperm is usually lethal to the embryo unless it is
relatively promptly excised. In making notes on seed production spme re-
port seed as apparently normal or good, fair, and poor or doubtful. Altho
arbitrary it is felt that such practices are of meril.

It is fairly definite that all aril species have inhibitors in the endosperm.
It is quite definite that the hexapogons additionally have inhibitors in the
embryos. (Werckmeister 1952; Lenz 1955). Reports from embryo culturists
indicate that embryvos from seed with regeliags in their parentages often fail
to perminate on agar., Lenz (1955) recommended refrigeration to break such
dormaney. Shockey (1959) recommended a formula containing glucose, mal-
tose and dextrins as well as the customary sucrose as effective in breaking
such dormancy without refrigeration. He atiributed the effectiveness of this
media to the simple sugars. In a later publication (1963) he discussed the
metabolic requirements of the germinating embrye on agar. He recommends
a newer media which contains fructose as well as glucose. His discussion
mentions the role of fructose in the formation of the very important hexose
phosphates which figure prominently in some of the bio-chemical transforma-
tions of plant eells, The implication that the carbohydrate metabolism of
the germinating embryo is involved in the dormanecy of the hexapogon em-
bryos is far reaching and not fully understood. Oddly enough mueh of the
phenomena encountered in dormancy and its breaking is very little under-
stood i.e. cold treatment. Altho the faets are well known that cold treati-
menis are almost universally successful in breaking dormancy in seed work,
there are as yet no very =atisfying reasons as {o why they work.

Some secds have coats which are impervious to the imbibition of water
and to the diffusion of oxygen thru the endosperm into the embryo. Altho
not published as such there is much information to indicate that moisture
moves readily thru the endosperm to the embryo, and that this is not a prob-
lem in the germination of aril iris seeds. It is, however, not certain whether
oxygen diffuses readily thru the endosperm or that carbon dioxide diffuses
readily outward, In some seed it has been found that ready permeability of
the endosperm to moisture is not necessarliy indicative that there is also
ready diffusion of gases thru the endosperm. Respiratory studies of the
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