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-5 el
Lo 2 . . . . . .
35 4 For saveral years the writer has studied the life histories of cer-
- tain spectes of Ribes * on their natural sites in the white pine (Pinus
> strobus L.) region-of New York State. Ribes are primarily im-

¥ Lga Axfgelés Bublic L ib¥ary

portant in white pine regions as the alternate hosts necessary for
the spread of the white pine blister rust, caused by Cronertium
ribicola Fischer. This destructive fungous disease may be controlled
locally by the removal of Ribes plants growing within infecting
range of the white pines to be protected (78, 20).2
Liconomic practices for the removal of Ribes to protect valaable
=5 Wwhite pine stands have been developed and are being applied in the
> infected Eastern States. The extent and duration of control obtained
by applying those practices depends upon the thoroughness with -
which the worl is done and upon the rate of increase of Ribes in size
and numbers on the control area. This increase comes about through
o, the continued growth of plants that are missed or incompletely re-

- Lid moved and through the establishment of new plants from seeds.

©2 The number of plants missed or incompletely removed is governed

IThe germination teats were mode ot the Boyce Thompson Insttute and In the
department’s geed Iaboratory. The wrlter s indebted to Wittiam Croclrer, director of the
{astftute, and Johanna Glefsbach, the latter mukin& the tests, for permission to include
:ga- éesuitts In this bulletin. Credlt Is due W. L. Goss, botamist, for the tests mede in

8 department, )

3The term ' Ribes"™ when nsed collectlve[g in this bulletin refers to members of the
family Grossulrrisctae Dumort {turrants gnd googeberries).

¥ Italle Zbmbets in parentheses refer to Literature Cited, p, 39,

$1058°—31
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by ‘the! thoroughness of the initial eradication operation, Efficient
- Ribes-eradication work normally removes all the plants capable of
- frmiting within the next several years. This inferrupts the local
%roduction of Ribes seeds but does not eliminate sceds that may

ave been produced prior to the eradication. The importance of
the Iatter in restocking control areas with Ribes depends on these
seeds retaining their viability until such time as favorable conditions
arise for their germination and the growth of the resulting seedlings.

If Ribes see%ls can retain their viability for only three or four
years, the supply of seeds available for restocking an area Lept
Iree of fruit-bearing bushes will be limited to seeds surviving from
the last thres or four fruiting seasons immediately preceding the
first eradication. Moreover, if any restocking is to result from
these seeds, conditions favorable for their germinstion will have to
occur within three or four years after seed production is ended by
the eradication of all the fruit-producing bushes. Therefore, if
Ries seeds are so short-lived, the danger that areas kept free of
fruit-producing bushes will become restocked with Ribes from
locally produced seeds is slight snd ceases entirely after a period
equivalent to that during which the seeds remain viable.

Howeyer, if Ribes seeds lying in the forest floor have the power
of remaining dormant for many years, the supply of viable seeds
available for restocking an area after eradication may be relatively
large as the result of these seeds accumulating over many seasons.
Under this assumption, restocking of the ares with Ribes will
prompt%ly oceur whenever conditions are favorable for seed germina-
tion and seedling survival. Thus, Ribes plants would have an im-
portant means of renewing their representation in the flora of forest
areas after periods of years unfavorable for their growih and repro-
duction,

The ability of any plant species to regain a foothold promptiy on
its natural sites following periods during which environmental con-
ditions prohibit the reproduction and growth of that species on such
sites depends largely on the adaptation of its seeds for longevity or
for wide dissemination. Observationshave shown that a period of
considerable length, during which sites favorable for the reproduction
and growth of %ibes become decidedly unfavorable, occurs during
the ife of many stands of white pine in New York State. 1t was
also observed that white pine areas from which the Ribes had been
eradicated, as well as areas supporting dense stands of white pine
from which the Ribes had disappeared naturally, became restocked
with numerous Rikes seedlings following certain disturbances of the
forest floor. The abundance and prompt appearance of these seed-
lings suggested that they came from seeds already present on the
areas rather than from seeds recently disseminated from an outside
source.

This bulletin reports observations and the results of systematic
studies of the longevity of Ribes seeds, particularly those of Ribes
rotundifolivm Michx., and of the conditions under which they ger-
minate. This species is one of the more common wild gooseberries
of the white pine region of New York State,
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- REVIEW OF LITERATURE

of Ribes seeds is available in literature. The seeds of cultivated
species of eurrants and Eooseberries have received but slight atten-
tion from investigators, because these plants are ropagated largely
by stem cuttings. The seeds of wild species of Eibes ave escaped
thorongh investigation largely because these plants were unimportant
shrubs of pasture, forest, and waste-land plant associations until
their eradication became necessary as a means of preventing serious
blister-rust damage to our valuable stands of white pine.

The literature on the subject of longevity of seeds is extensive, but
only a small part of it deals with seeds occurring in forest duff or
humus, and in this part only one record of Ribes seeds was found.
However, a brief review of some of the litersture dealing with the
longevity of seeds other than those of Ribes will serve by analogy
to establish a basis for the discussion of new observations on the
longevity of Ribes seeds. For the sake of clarity, the literature
will be considered chronologically under each of three headings:
Records of seed longevity, causes of seed, dormangcy, and characteris-
tics of Ribes seeds.

RECORDS OF SEED LONGEVITY

As early as 1832 De Candolle (4, ». 2, p. 618) stated:

All the means of dissemination of seeds are, despite their diversity, sub-
ordinate to another class of phencomera, namely, the varying degree in which
each seed conserves more or less its power to germinate!

He wrote of the temporary reappearance after each logging of
tregrspecies different from those which made up the lumbered forest
and concluded that the seeds of these temporary species remained
viable in the soil during the 20, 30, 50, or 100 years that the site was
monopolized by the timber species. He observed (4 v. 2, p. 626)
that—
certain portlons of soil which, by reason of terracing work, wore exposed to
the alr after several centurles, covered themselves the frst ¥enr with 2 multl-
tuide of indlviduals belonping to certain species, somefimes uncommon in the
vicinity, and the seeds of which evidently had hcen preserved in the soil.

In 1885 Beal (3) reported preliminary results of an experiment
with buried seeds. In the autumn of 1879 he placed 20 lots of fresh
seeds of 21 plants, 50 seeds of each, in earth in wncorked bottles.
These bottles were buried about 20 inches below the surface of the
ground on a sandy knoll, together with 20 lots of seeds of 2 other

- species which were too large to be included in the bottles. The latter

seeds were apparently decayed when he dug down to them three
years later. On July 25, 1884, he took up one bottle, presunably
containing seeds of 21 species, and kept the contents ander conditions
for germmation until the middle of November, 1884, and frem June
25 to July 31, 1885, The partly completed results of these teésts on
July 81, 1885, showed that germination was secured either in 1884 or
1885 from 18 out of 21 species tested. More recent results of this
experiment as reported by Darlington (8) will be discussed Iater.

{ Translated,

LONGEVITY AND GERMINATION OF SEEDS OF RIBES 3

Ve';g little information on either the germination or the longevity .
1
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© . TIn 1898 Peter (18-)'- reported results of germination secured from

" soil samples taken from forests which had been growing for known

. periods on formerly cultivated fislds. From such samples he secured

~ the germination of numercus farm weeds, some of which, he esti~

matsd, grew from seeds that had been lying in the soil for 100 years.

_In 1894 the Gardeners’ Chronicle (I) related an observation of
the longevity of weed seeds in a field which had been seeded down
to grass and kept as a hayfield and pasture. Sixteen years after the
- elimination of the seed source, a heavy wagon wag taken across this

- field after g hard frost and thaw; the wheels, sinking deeply, tore up
the ground. The following spring these furrows were filied with
charlocks (Sinapis arvensis L.}, although there was not another

- charfock to be seen in the field.

In 1905 Duvel (9) reported preliminary results of an experiment
concerning the germination of seeds buried in the ground in 1902.
He Placec% 32 complete sets of 112 samples of seeds representing 109
spectes of plants, mixed with heavy clay soil, in ‘well-baked earthen
Eots. These 3,584 pots, covered with inverted clay saucers, were

uried outdoors at three different depths, 8 complete sets at 6 to
8 inches, 12 comglete sets at 18 to 22 inches, and the remaining 12
complete sets al 36 to 42 inches below the surface of the ground.
Germination tests were made in 1902 of samples of the bulk lots
represented in the sets. Control samples from the same bulk lots
were stored in cloth bags in a dry room. The first complete series
of three sets of pots were taken up in November, 1903, 11 months
after they had been buried. The contents of the pots were spread
on sand 1n greenhouse flats for germination tests along with corre-
sponding control samples which had been stored sir-dry.

. Of the 112 samples in each of the sets, the results from 1 should
be disearded, as repeated tests failed to show any seeds from the
bulk samples capable of germination. Twelve samples, buried
samples and controls as well, gave only negative results when tested
in the gresnhonse. Some samples of all of the 99 remaining showed
some germination. Of these 99 samples in the buried sets, 10 were
unmistakably decayed when taken up and were not tested; 14 were

- seemingly decayed bvi were tested, giving negative results; and
75 refained some vitality at one or more of the three depths of
burial. No data are zvailable for 2 of these 72 samples, their tests
having been interrupted. The buried seeds from one or more of the
three_depths, in 16 of the remainin% 73 samples, showed higher

-gerimination than that secured from the 1902 tests of the bulk lots.

imila®ly, as compared with the controls stored air-dry, the buried

seeds showed higher germination than the controls in 21 of the 73

samples,

A;Fthough Duvel (9, p. 20) concluded that “ Vitality is best pre-
served, even in weed seeds, when the seeds are carefully harvested
and stored in a dry and comparatively cool place,” his data seem
to indicate that in several species the germination of seeds was
increased by 11-montb%’ hurial, not only over that of seeds kept in
dry storage but over that of fresh seeds as well. Later results of
this experiment, as reported by Goss (17), will be considered in due
order,
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Iﬁ. 1908 Ewart (1;9, p- 190} stated, while discussing theibiologiéal

- value of hard seeds, that such sceds distribute themselves in Time

rather than space, some of each year’s crop “being destined to re-
main germinable in the soil for very many years until the parent

plants: have been cleared off by fire and drought.” He suggested :-

To Hohie extent these macrobiotic seeds are adaptrtions to bush fireg * * «
Such bush Bres, after burning off the humug more or less, not only partially
expose the seeds, but leave belind an alkaline ash, which the next rain falling

on the warm ground aids in softening the ¢08(5 of the hard seeds, and bringing

about their germinatjon * * = 1 addition; slight eharring of the surfuce
"of the seed makes it permeable to water -without. necessarily destroying the
vitality of the contents, B

He continued with this observation (20, p. 757 }:

I have, in fact, found Acacla seedy deeply burled iz the moil of Gum forests,
where ne ether signs of their presence could ‘be seen, and where no other
Aedcias were present within at least & mile,

He found Acacia seeds in undisturbed Acacia forests as far as 18
inches below the surface of the ground which gave perfect germi-
nation,

In the deeper layers of soil the only seeds that remain viable are
likely to be the hard macrobiotic ones, and Iwart found that all such
seeds from below the surface needed treatment to produce swelling
and germination, which he accomplished with the use of sulphurie
acid,

Ewart also tested the seeds of over 600 species of plants that had
been untouched in the original packages stored in a dry, airy, dark
cupboard for 50 years, and secured some germination o%, seeds of 17
species. Among these was g lot of 1,000 seeds of Melilotus gracilis

C., from which he secured 70.3 per cent germination. Ewart tested
other lots of seeds stored for periods varying up to 105 years, He
listed 83 records of germination of seeds ranging in age from 51 to
105 years, including 57 s;i-lecies of plants.

In addition to listing the results of his own tests, which numbered
nearly 3,000, Bwart included in his voluminous lists many germing-
tion-test results of other workers, including Becquerel, De andolle,
Desmeulins, Girardin, Heldreich, Hemsley, Lindley, Michalet, Peter,
Poisson, Saiter., Sirodot, and White. Some of these dealt with fresh
seeds, others with old seeds stored under air-dry conditions for more
or less definite periods, or in soil or submerced sea mud for indefinite
pericds. Ie discounted severely the results of workers with seeds
stored in soil for"iRdefinite periods and drew his conclusions of via.
bility largely from the tesés of seeds preserved in dry conditions,
stating (10, p. 181} : ' '

It might be argued that the seed might last longer in the soll than when dried
In air, but Duvel's comparizons of the germination of seeds buried In soil for a
year, with the same preserved dry In air for a ¥year, show that as a matter of
fict the reverse is the cpse with all ordinary seeds. The only apparent exoeep-
tlons appear to be with those hard aeeds which Duvel seems not to have known
how te treat to induce germinntion,

Ewart concluded his paper by dividing all plant seeds into thres
biological classes according to their duration of life under optimal
conditions: Microbiotic, seeds whose duration of life does not exceed
8 ysars; mesobiotic, seeds which may remain vighle from 3 to 15

- years; and macrobiotic, seeds which may remain viable from 15 to

1 LONGRVITY AND. GERMINATION OF SEEDE OF RIBES 5
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over 100 years. This last class includes the least number of species,
is “ characterized by cuticularised or more or less impermesble seed
coats,” and “is restricted to a few natural orders, of which the Legu-
" minosae greatly surpass all others, while the Malvaceae and Myrta-
ceae come next in importance.” Ewart (10, p. 184-185) did nct in-
clude any close relatives of Ribes in his list of macrobiotic seeds; in
fact he stated : “ Macrobiotic seeds are all seeds which show no special
adaptation for dispersal * * * adhesive seeds or fruits are con-
spicuously absent among them.” He stated further (10, p. 199):

Even the most resistant seeds after 50 to 100 years show a pronounced de-
ecrease in the percentage germination, and the geneval trend of the curves g
such as te show that the probahle extreme duration of vitallty for any lnown
seed may be set between 150 avd 250 years {Leguminosae),

Tt would seem that Ewart, in omitting records of seeds stored in
mineral soil, humus, or duff from due consideration overlooked what
may constitute optimal conditions for the preservation: of vitality in
the seeds of some species of plants. As a result, his list and descrip-
tion of macrobiotic seeds, based largely on his own tests of air-dried
samples, is far from complete in regard to the families and even the
orders of the plant kingdom represented, as will be shown later.

In 1915 Howard (I3} reported finding that the seeds of more than
half of the plant species, both wild and cultivated, growing around
Columbia, I!Eo., have a distinet period of dormancy. -

In 1917 Hofmann (72) published consideral:le evidence of the seed-
storage réle of the forest floor, particularly in regard to seeds of
forest trees in the Northwest. His results indieate the pessibility
that seeds of some forest trees will retain their viability in duff for
at least 10 years.

In 1922 Darlington (8) reported the latest results of the experi-
ments started by Beal (3). Affer 40 years’ burial, some seeds of
10 species were found to have retained their power of germination.
Among these were seeds belonging te five orders and seven families
(Gray’s classification) that are new to Ewart’s list of macrobiotic
seeds.

Perhaps the most convineing record of longevitr of hard seeds is
that reported in 1923 by Ohga (17). He secured 100 per cenf ger-
mination of 385 seeds of Nelumbo nucifera Gaertn., the Hindu lotus,
which had been found buried from one-half to two-thirds of a meter
below the ground surfsce of the Pulantien River Valley in southern
Manchuria, and 1214 meters above the present water level of the
river. Judging from the age of willows on the bed of this former
lake and from the rate of lowering of the water level of the river,
he estimated the minimum length of the period of storage at 120

ears, adding, “ although it is probable that the seeds have remained
guried 200 years or even 400 years.” Even after this remarkahly
long period of dormancy, the seed eoats had to be filed before ger-
mination could be induced. )

In 1924 Goss {7{) reported the latest results of experiments
started by Duvel 69). Goss obtained some germination of seeds of
plants belonging to 13 orders and 19 families (Gray’s classification)
after 20 years’ burisl in soil, Of these, 8 orders and 16 families
are new to Ewart’s list of macrobiotic seeds. Results by Goss check
very closely with those reported by Darlington for the same species.
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LONGEVITY AND GERMINATION OF SEEDS OF RIBES 7

The results of germinative tests of seeds of known age, from the
principal suthoritative records in the literature, are summarized in
Table 1. This table shows that some seeds germinated after being
kept air-dry for 105 years, the maximum age tested; and that some
seeds were still germinable after burial in soil for 40 years, the
maximum period reported for seeds buried experimentally. The
works of Peter (78) and Ohga (77) with seeds buried for estimated
periods of 50 to more than 120 years indicate that some seeds lying
in soil or peat remain viable for periods greatly in excess of thoss so
far tested in controlled experiments.

There can be no doubt that some seeds retain their power of
germination for many years, perhaps in some cases for centuries,
and that seeds with hard costs are especially prominent among those
found to be long-lived.

TasrLu 1—Summary of results of germinative fests of sceds of bnowi age, from
the principal auihoritative records in the titeratire

Number retaining | Percontage retain-

Muomber testad S0Ie  gerinina. ing some permi- Refer-
Treaiment snd number of years tive power zative powoer t%‘;‘ﬁtie‘;_

storad . ature

Spocies | Samples ;| Species | Snmples | Specles | Samples |  SHted

Beods stored in dry air:

Frash 1G5 11¢ 10z 167 97 a7 B
14 #H 80 182 87 89 b4
37 138 it 3 63 10
257 462 141 182 30 42 10
206 250 57 ] Fig In
00 €83 5 a1 ] 1] 10
98% 1,102 50 T & 7 10
23 32 5 T i3 2 0
5 L 2 2 40 40 18
104 a7 i 168 68 4] o
134 37 81 173 5 53 11
23 12 13 57 57 3
104 3n 170 a4 5 i3
20 11 11 55 55 1
108 3 130 84 57 i
a0 20 13 13 85 85 7
10 329 51 13 45 kitd 1
20 20 11 11 55 55 T
1096 333 51 146 43 42 i1
20 M0 11 11 &5 55 7
0 it} ] @ 45 45 7
bt b 8 a an an T
a2 22 i ig 45 45 ?

CAUSES OF SEED DORMANCY
In 1832 De Candolle (4, v. 2, p. 628) stated :

The germination of o perfect seed ean come ahout only by the reunion of
three agents, moisture, oxygen, and gz certain degree of heat: these are the
concitions essential to the phengniencn ; a8l others amounnt to nothing but couses
which may facilitate or hinder it
.. De Candolle also stated that fully matured seeds retain their vital-
iy for varying lengths of time _when these three conditions necessary
fo germination do not occur simultaneously. He believed that the
restriction of oxygen and moisture is the factor that preserves
+vitality in seeds buried deeply in the ground.

Davel (8, p. 17-18)}, in the buried-seed experiments already dis-
cussed, found that the average percentages of germination for the
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seeds buried 11 months at depths of 6 to 8 inches, 18 to 22 inches, and

36 to 42 inches were 20.5, 26.5, and 31.0, respectively. Duvel ex-

plained the fact that the average germination increased with the

depth at which the seeds had been buried as probably due to a differ-

ence in the thres factors that govern germination—heat, moisture,
. and oxygen. He also stated:

The greater number of seeds germinate best when suhjected to daily alterna-
tions fn temperature, Thege alternations deo not take place at a depth of 3
feet below the surface; conseguently there is 2 better preservation of Fitality
at thet depth o o result of the more dormant condition of the seads,

Duvel apparently did not consider the restrictions of moisture and
oxygen imposed on the germination of hard-coated seeds by the seed
coab dtself. Of such seeds, Crocker (6, p. 285) stated:

In nature, in short, they have the most favorable gtorage conditions up to
the time when the coats, through partial deeay or long exposure to water, admit
meisture and germinatlon beging. It is not wonderful that such seeds lie in
the ground twenty to twenty-five years and yet retaio their vitality.

Crocker also suggested the influence of restrictions, due to deep
burial, on the oxygen and moisture necessary for the permination of
seeds. .

Crocker (7, p. 99-100) stated in a later work:

In planis of the Temperate Zone, the seeds generally have n rest peried
* * * more generdl and much more persistent among wild than cultivated
forms * * * Seeds of many plants have a dormancy that persists only
until the spring following ripening. Others are earried over two or more

winters in the quiescent condition, while still others hmve the germination of
-n single crop distributed over the growing season of from one to many years.

He gave the following as causes for dormancy of seeds (7, p. 105) :

Rudimentary embryos that must mature before germipation ean begin.

Complete inlibition of water ahsorpiion.

Mechanical resistance to the expansion of the embryo and seed contents by
encloging structures,

Encasing structures interfering witl oxygen absorption by the embryo and
perhaps carbon dioxide elimination from it, resniting in the limitation of
proceszes dependent upon these,

A state of dormancy in the ewbrye itself or some organ of it, in consequence
of which it fs unnble to grow when naked and supplied with all ordinary
germinative conditions,

Combinations of two or more of these,

Assuomption of secondary dormancy.

Crocker attributed most of the delay in germination of sesds to
the influence of the seed-coat characters, especially to the exclusion
of moisture and oxygen by hard seed coats.

Investigators seem to agree generally that burial of seeds may
prevent germination by restricting some or all of the three factors,
oxygen, moisture, and temperature, considered essential to this phe-
nomenon. 1t also seems evident that certain seeds with hard coats
are naturally adapted to longevity, the seed coats restricting absorp-
tion of oxygen and water.

GERMINATION AND OTEER CHARACTERIRTICE OF RIBES SEEDH

Junczewski (14, p. 2¥2, 223) in his monograph of the Grossu-
Iariaceae, stated:

The germinabllity of preserved seeds is fairly good In certnln species
{Berisin) [one of Janczewski's subgenera of Ribes, notive in the 01d World
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only], very poor in others, either the percentage of seeds germinnting is greatly
regiticted or sometimes not any {R. embiguum). It seems to cease entirely
after three years. Desiceation, even insitde the fruit, seems to he dlsmstrous
to them. We have seen really ahvindant germination only in open air, wnder-
rnegth the bushes, whose frult had not been piclted bug buried in the scil by
the spade of the gardener.®

He confinued:

The seeds of gooseberries [including currants] sown and maintained at tem-
perafures of 12° {o 20° come up very irregalariy and very slowly in general.
In the Berisin, the germination is more prompt than in other subgenerz and
almest entirely 1ndependept of the semson; the first germs break through the
soil in 15 to 24 days and are followed by others either soon, during several
weeks, * * * op jn the following spring. Habitually, it is necessary to
wait two 10 elght months, more than & year * * * even two years * * *
before noting the frst plantules, In many cases the season has re manifest
influence on the period of germingtion (RBerisin, Coreosma®); in others
(Ribesia,® Grossularia,® Parilla®} its influence appears probable or certaln.
Thus the seeds of B, velutinum obtained from the same erop, sown in October,
1805, June and October, 1906, begsn to grow &t the same time, in January,
1507, after a rest of 13, 7, or 2 months, while the seeds sown In December,
1906, began te rise in February, 1907, that is, after only 2 months, with a delay
of approximately 30 days.

As to R. rotundifolium, he noted: “ Germination quite prompt; scime seeds
grow after six to eighf weelis * *= *¥

Janczewski apparently did not investigate the reasons for the
variations in germinabilily, nor did he consider the®probability of
extended dormancy in Ribes seeds. If he restricted his germination
tests to constant temperatures between 12° and 30° C,, if is not at all
strange that he secured poor germination, as will be shown later,

The seed coats of Ribes were well described by Janczewski as
follows:

The testa or *spermoderme” fs made up of: First, a gelatinous layer,
vitreous, sometimes very thick, whose cells are filled with a gpummy substance
and covered by a thin nndulated membrane; second, two or three iayers com-
posed of small cells and showing nothing in particular; third, a layer the cells
of which contain erystals of calcium oxaiate mnd are surrounded by thickened
and brownish membranes; fourth, a brown layer of disorganized tissue.

No very successful procedure for germinating the fresh seeds of
Ribes was found in the literature reviewed. Adams (2) was suc-
cessful in atternpls to germinate seeds of two wild species, &,
americanum, the American black currant, and £. cynesbatz, the pas-
ture gooseberry, both well known in the white pine region of the
northeastern United States. He gathered the fruit as soon as ripe,
washed the seeds to free them from pulp, and dividéd those of each
species into four lots of 100 seeds each. éroups A and B were sown
o few days after collection, the former in shallow boxes placed out
of doors and left there during the winter, and the latter in pots kept
in a greenhouse. Seeds of Group C were dried, put up in packets,
and the packets put ini a tin box which was kept m a sheltered spot
out of doors during the winter {subjected to & temperature far helow
0" F. on several occasions). Seeds of Group D, after drying, were

3 Trenslated.

“The speeles of Rites Lnown In the northeastern Tinited States which Jaonezewgki

ups In these subgenera are: Coressms, R. glandulowwm Qraver, R, atircum Pursh.,
gaamcriccnum M., and B, sigrem L.; Ribesin, 1. vulgare Lam., and B iriste Pall;
Grossularis, B, oynoshati L., B, reciinaium L., R. rotundifolitm, ond B, hirfellum Michx, |
Parillz, native to the 0N World and to South Amerlca, :

41056°—31-—32
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stored in a heated room during the winter. Both Groups C and D
were sown the following March. Adams’s data on the germination
of these Ribes seeds are copied in Table 2.

T4asLE 2.—Germination of seeds of Ribes americanum and R, eynoshati

[Rearrangament of tabls by Adams (8. Epch lotlgglﬁpﬁaad 100 geeds, ecllected on Aug. 31 and Sept, 3,

Fercentnge of germination after period of days stated

Bpecies and
prpely Date of sowing|

42 | 03 | 144 | 182 ) 202 | 221 | 228 247 | 264 | 200 | 332 432 462 | 576 | 633 | Fipal

. { Sept, 11,1824 4 ™ I IR K]
B do 5| 13 2 35 ... 35
G| Mar, 410251 __ | 2 : 14 - 16
n. da, 1 Tl T
R. cynosbat!
A ... | Sopt, 15,1824 _ 78 || 84 . 8
B do ¥ [ L% WO, I 20 20
| 0 S, Mar. 51025| 2 7 - T
| TR, S do._... 13 [ N 1% . 1

It would seemn from these cata that the seeds of these Ribes
germinate best when planted out of doors immediately after collec-
tion. This is®not necessarily true, for it is possible that secondary
dormaney, as-described bE %rocker {7), was induced by drying in
those groups kept over the first winter (C and D), and that the
germinative conditions of the following spring were not capable of

reaking down this dormancy. It is noticeable that in three of the
four groups C and D, Adams secured greater germination during the
second spring after planting than during the first, suggesting the
possibility that some part of the treatment, probably the dry storage,
induced a secondary dormancy which prevented some seeds from
germinating immediately when planted. It is unfortunate that he
did not continue his tests for several years more, in order to obtain
the germination of the more latent seeds.

Records of germination of Ribes, both from old and from fresh
seeds, are few in the literature of seed testing. Ewart (70) tested
the following Ribes seeds that were included in the aforementioned

lot stored for 50 years in a dry cupboard:

Ribes sanpincum Pursh, 10 seeds,

“ Rites senguineum var. atrosanguinenm™ (probably a garden form of the
species and not a true variety), 30 seeds.

“dRibes sanpuineunt var. glutinosum ” (proGably R. glutinosum Bentham), 34
geeds,

The tests were carried on at a temperature of about 25° C., and
when the seeds refused to germinate the temperature was increased
to 30° and then to 40°, Ngo germination was secured. As will be
indicated later, it is probable that these temperatures were too high to
be favorable for germination of Ribes seeds, and the negative results
secured do not prove necessarily that these seeds had lost their vitality.

Howard (13%) found that the seeds of Ribes nigrum and B, gracile
Michx., have a distinct period of dormancy. Cooper (5), in his re-
port on a preliminary study of the ecological life history of some of
the eastern gooseberries, apparently overlooked the possibility that
Ribes seeds may remain vlajl:;le for a considerable period in duff or
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. humus. York’ found seedlin%‘s of skunk currant {%, glmdula.s:um)

germinating on a small plot which had been cleared of parent plants
five years previously and concluded that the seeds of .this species

may remain viable in the duff for at least five years,

LABORATORY INVESTIGATIONSSEg]IJ’STHE GERMINATION OF RIBES

Inadeguate facilities for seed testing prevented the writer from
attempting any extensive laboratory experiments with Ribes seeds.
However, seeds of Ribes were sent to the division of seed investiga-
tions of the Bureau of Plant Industry, and the Boyce Thompson
Institute for Plant Research, Yonkers, N. Y., for germination tests.

Berries of Ribes missouriense Nutt., B. cynosbasi, and R. ameri-
carum were collected during July, 1926, by H. J. Ninman in the
southern part of Dunn County, Wis., on each of three dates ap-
proximately two weeks apart. The first collection consisted of green
berries, the second of berries approaching maturity, and the third
of mature berries. The berries were delivered to W. L. Goss at
Washingten, D. C., on July 9, July 21, and about August 1, 1926,
respectively,

Il the collections were kept in the packages as received and
placed in an ice box where they remained until Jenuary 11, 1927,
On that date berries from each of the nine lots were put to soak
in Petri dishes in the 15° C. chamber. Ten days later 25 seeds
were extracted from the soaked berries of each lot. These were
glacad immediately on moist blotting paper and returned to the 15°

. chamber where they remained for 13 months. Nearly 45 per cent
of the total number of seeds so tested appeared to be still sound after
six and one-half months. However, during the 13-month test period,
only 1 seed germinated out of the fotal of 925 seeds tested. This
one was & seed of Ribes americanum from the lot of berries collected
when fully mature. The practically negative results of this germina-
tion test indicated that the condifions in the 15° C. chamber were
apparently unfavorable for the germination of these seeds.

Sne lot of berries of Ribes cynosbati and two lots of B, rotwundi-
folium were collected by the writer in July and in September, 1927 )
in Warren and Essex Counties, N. Y. The berries were dried in
the sun and then kept at room temperature until November or De-
cember, 1927, the exact dates varying with the different lots, The
dry berries were then broken open and the seeds removed by hand.
The_extracted seeds were stored in homeopathic vials and ‘sent to
the Boyce Thompson Institute on December 14, 1927. The subse-
quent treatment of the seeds and the results of the tests were reported
by Johanna Giersbhach, who conducted the tests,

The seeds were soaked in tap water as soon as received, in order

“to soften the adhering pulp particles which were rubbed off with

cheesecloth. Twenty-eight samples of 100 seeds each were taken
from each of the three lots for testin%‘ Nineteen samples from
each lot wers sterilized with Uspulan.? This treatment corsisted of

7¥Yonk, H, H. H0MH OBSERVATIONS ON THE SPROUTING AND RESEEUING OF SEUNE CUR-
RANT (LIBES GLANDULOHTM) AT NORTH CONWAY, N, 11, U. 8. Dept. Agr., Bur. Flant Indus,
Blister Ruat News (Bap.} 10: 241--251, 1928, [Mimeugra&hed.]

fAn organic mercury seed (Muinfectint mnnufactured In Germany,

S rh——
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soaking the seeds in a one-half of 1.per cent solption of Uspulun for
one-haif hour and then rinsing them thoroughly in tap water, The
. segds were put inte germination ¢ondition immecl,_iate%y while still
~wet from the clesning. Nine sterilized samples from each. lot were
stratified in peat which had been: neutralized with caleium carbonute.
Eighteen samples from each: lot, nine of which had been sterilized,
were stratified in natural peat. One sterilized sample from each lot
was Eltmted immediately in soil in & greenhouse and kept at about
18° . Three samples from each lot, one of sterilized seeds in neu-
tralized peat, one of sterilized seeds in natural peat, and one of
unsterilized seeds in natural peat, were tested at each of the constent
temperatures: 5°, 16°, 15°, 20°, 25°, 32°, and at daily aiternations
between 10° and 25°, 15° and 32°, and 20° and $2°. B
The seeds tested at the higher comstant temperatures (25° and
32° G,) did not germinaté during two months and were then trans-
ferred te temperatures with a daily alternstion between 10° and
25°, The tests at alternating temperatures were continued for five
months, but no additional germination occurred during the fifth
month. The tests at constant temperstures of .5°, 10°, 15°, and 20°
were continued for nine and three-fourths months. " The tests in
greenhouse soil were discarded after six months. The results of the
tests are shown in Table 3. :

TaBLe 3,—Germination of seeds of Ribes rotundifolium and R. cynesbeli at
verious temperitiures

(A teata, which were condueted by Johanna Giershsch at the Boyee ‘Fhompson Institute, wete begun on
Dec. 23, 1027, The berries of B, rofundifolizm (ot 1) wate coliccted July 28, 1827, and the decds wero
extracted Dec. B; those of R. rotundifoliim ot 2) were collecied Sppt, 14, 1027, nnd the seeds wore ex-
tracted Dec, 10; those of R, cireosbit! wera collectod July 25, 1927, and the seeds were extracted in Novem-
her.  Geeda were sterillzed by seaking one-hell hovr la noone-hslf of 1 per cent solution of Uspulun,
N. P. Indientos peat neutzalized with ealeum carbonats]
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Tamz 3—Germination of sceds of Ribes votiidifolium add R. cynosbail at
) . varionsd temperaiures—Continied. :

Cnmulative germiontlon percentsges nt
) : the ends of the indicated periods (in
Epecics and ot of seeds and temperas Medlgn | Beeds months)
. tures (- G,) ” storilized
' 14|34 5 (6178 |y -
R. retunditollom (lot 2): .
3 o ol 3| 5 S110|17) 17 24
> e ' ¢l ol of 2r 7| s8lujie| 1=z
ol o] 0|2 12122029 20
0l 0 3| 4 4| 4] 4| 4 4
10* 0 05 0] 1 1) 1] 8j12| 18
0 0|1 0t 0 G: 0t 5| 7 7
. ol & 0f 0 o & 31 4 4
15°_ 41 41 4| .4 4| 41 4| 4 4
ool o] o 0 a1 1|1 1
: ol o o] ¢ 00 00 of n 0
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el o 0 O . 01 9 07 0 a
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As shown in Table 8, no germination of Ribes rotundif olivm seeds
had occurred within one and one-half months in 34 of the 36 samples
-~ kept at constant temperstures. In the remaining 2 samples, one
from each lot, germination of 5 and 4 per cent of the seedls, respec-
tively, oceurred after one month at 15° €. After nine and three-
fourths months, some seeds of this species had germinated in all but
1 of the 18 samples kept at constant temperatures of 5°, 10°, and
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15°, The average percentage of germination for the 6 samples at
5° was 20.5; for the 6 at 10°, 13.2; and for the 6 at 15°, 87. No
rmination was secured from the 6 samples kept at 20° for nine
and three-fourths months or from the 6 samples kept at each of
the constant temperatures, 25° and 32°, for two months, :

Since no germmmnation was secured at constant temperatures above
15° C., it is suggested that this temperature represents about the
maximum constant temperatore at which germination of seeds of this
species will take place. These tests indicate that 5° was the most
favorable constant temperature tested for the germination of seeds
of this gooseberry. The fact that the highest germination percent-
age secured at 5° was but 37 after nine and three-fourths months
indicates that constant temperatures at best are mot optimum for
prompt germination of seeds of B. rotundifolium.

Betfer germination percentages were secured in a shorter period
from some of the samples subjected to daily alternation of tempera-
ture. Each of the six samples of Ribes rofundifolium seeds showed
some germination after one month at daily alternation between 10°
and 25° C. (Table 3.) Even the samples that had been kept at
constant temperatures of 25° and 32° for two months with negative
results showed some germination in 11 out of 12 cases within two
months after they were changed to daily alternation between 10°
and 25° Five of the six samples of this species that were sub-
jected to daily alternation between 15° and 32° showed some ger-
minstion after three months, but none was secured from the cor-
responding six samples kept at daily alternation between 20° and
32° for five months. Daily temperature alternation between 10° and
25° which resulted in complete germination in one sample within
two months, and in & mean percentage germination for the six
samples of 61 after three months, gave the highest germination,
Since no germination was secured from the six samples of B. rotun-
difoliwm seeds after five months at daily alternation between 20°
and 32°, it is evident that this temperature range was above the
highest temperature favorable for the germination of these seeds,

n the tests at alternating temperatures, all germination secured
took place within three months {largely within one and one-half
months), indicating that alternating temperatures are favorable for
the prompt germination of Ribes rotundifolium seeds. On the other
hand, of the 17 samples showing germination at constant tempera-
tures, the earliest germination oceurred in 2 cases in the 1-month
period; in 6 cases, in the 3-month period; in 5 cases, in the 4-month
period ; and in 4 cases in the 7-month period. Also, in three of these
cases some seeds germinated during the 934-month period. These
tests show a more delayed germination at constant than at alternat-
Ing temperatures and suggest that the test period was mot long
- enough to secure final germination in at least some of the samples
at constant temperatures,

In tests at corresponding constant temperatures, seeds of Ribes
cynosball germinated more slowly and, except in one case, less
abundantly than those of &, rotundz‘fofz’um collected at approxi-
mately the same time (lot 1), At daily salternation between 10°
and 25° C., the seeds of B, cynosbati germinated as soon as those of
B. rotundifoliwm, but less abundantly, Seeds of the former species
. |
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did not germinate within five months at daily alternating tempera-
fures between 15° and 82°, but some germination of the lstte® species
was secured at these temperatures, Otherwise, the same general
results were obtained with the seeds of B. cynosbafi as with those of
B. rotundifolium. The relatively. poor germination of B, cynosbati
seeds indicates either that the seeds fesfed were of low vitality or
that the most favorable conditions for their germination were not
included in these tests. -

Incidentally, the indicated influences on germination of Uspulun
sterilization of the seeds and of meutralization of ihe pest are of
interest: Comparison of germinction results of tests in which
Uspulun sterilization was the only zontrollable variable shows that
higher germination was secured from the untreated samples than
from the sterilized seeds in 19 of the 27 pairs of tests, while the
reverse Is true for 1 pair of tests. (Seven pairs of tests produced
no germination.} The mean germination for the untreated seeds
was 20.55 per cent, and for the treated seeds 7.6 per cent. Com-
parison of germination results of tests in which peat neutraliza-
tion with CaCQ, was the only controllable variable shows that higher
germination was secured from samples stratified in nentralized peat
than from samples stratified in natural peat in 15 of the 27 pairs
of tests, while the reverse is true for 4 pairs of tests. (Eight pairs
of tests produced no germination.) The mean percentage of ger-
mination for samples in neuiralized peat was 19.74 per cent, as
compared with 8 per cent for samples in natural peat.

The writer conducted a small germination test at Washington,
D. C., using seeds of Ribes rotundifolium from the same bulk lot {lot
2) which 15 represented in Table 3. Two samples of 30 seeds each
were placed between wet blotters on April 10, 1928, one after sosk-
ing several hours in tap water, the other after soaking 85 minutes
in commercial sulphuric acid, drying between blotters, and washing
in tap water. A wick of blotting paper connecting the improvised
germination blotters with a supply of tap water kept the seeds moist
at all times. The seeds were kept in the office, and tempBrature
records were not made. The results of the test, which was con-
tinued for 34 days, are shown in Table 4.

TanLE 4—Comparetive germination of untregied seeds of Ribes rotundifolium
and of those ireated 16ith commercial sulphuric acid

{Experiment hegan Apr, 10 and ended May 14, 1028}

Cummuintive germimtior.r' porcentages at the end
ol—

Treatmont

15 days [ W days ; 25daye | 30 days [ 34 days

Acld treatsd ————— 12 24 28 30
Untreated .. ¢ 4 12 18 18

At the end of the test period, the percentages of ungerminated
seeds that appeared to be still sound were 97 an 93, respectively, for
the acid-freated and the untreated seeds. Although the data are
meager, both as to number of seeds tested and as to duration of ex-
periment, the results given in Table 4 indicate that the 35-minute
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treataiépt with sulphuric acid increased both the speed and the per-
centage of germination of seeds of this species.

. _A second experiment was started on June 15, 1928, at Warrensburg,
N. Y., with seeds from the same buik 3o as used in the preceding
experiment. Instead of the commercial grade of sulphurie acid, that
used was of analytical reagent quality, fuming, with 50 per cent frec
suiphur trioxide, Three samples ofy 120 seeds each ‘were soaked in
acid for periods of 10, 20, and 30 minutes, respectively, after which
the seeds were rubbed between moist blotting papers. Because of the
strength of the acid and the use of moist blotting paper in cleaning
the seeds after treatment, some of the seeds were completely de-
strayed, aid others seemed badly damaged. The seeds not completely
destroyed by the freatment were placed between wet blotters, together
with 100 untreated seeds from the same bulk lot, and kept in a well-
ventilated room. Moisture was maintained as in the preceding
experiment, and also no temperature records were made. e results
are shown in Table 5.

Tanry, 5.—Comparaiive germingtion of unirealed seeds of Ribes rotundifolium
: and of those treated twith fuming sulphuric acid

[Experiment hegan June 14 and ended July 23, 192831

Cumulntive gernination msnlts after—

Bends
Baration of geid treatment (minutes) ;ﬁgﬁg{

tion 15 dova 38 days

Number | Per cent | Number ! Per cent
g & 24} 24

H
4
]D[

It is evident from Table 5 that the acid treatment was too severe
in thig case. The untreated seeds germinated much better than the
treated seeds. The striking fact demonstrated by these two experi-
ments, however, is that the seed conts of scme seeds of Ribey ro-
tundifoliwm have resistance sufficient to protect the embryo for at
least 35 minutes in sulphuric acid.

In order to test the viability of older seeds of Ribes, berries of
various species were taken from herbarinm specimens 3 to 9 years
old and sent to the Boyce Thompson Institute for testing. 'The
herparium specimens had been pressed and kept between sheets of
newspapers it & _dry, partly lighted cupboard at office temperatures
in Washington, D, C. The seeds were extracted by hand from indi-
vidual berries between February 18 and 23, 1928, and mailed in vials
or in paper packets on April 20, 1928, The tests at the Boyce Thomp-
son Institute were conducted by Johanna Giersbach, who reported
{hat the seeds were planted without sterilization on April 28, 1998,
in natural peat at 10° to 25° C. daily alternation. The results of the
germination tests are shown in Tabie 6,
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TABLE 6.—Germination of Ribes seeds from herbarium specimens of known age
[Seeds stratifted in maturs] peat on Apr. 2, 1628, st the Boves Thompson Instituts)

Agaof | pram mination afte
Bpecies, place, and date of collection seeds
_ (Fears)

Cumulntlve percentages of ger-
T—

;

8 weeks | 10 weeks| 14 weakts

R. vulgare, Mussnchusetts, 1025,

E. cynosbatf, Keshena, Wis., Bept. 56,1919 _
H. eynoshatl, Templs, N. 11, July, 1928
R, hlrig'imm Dbougl., Post Falls, Idabo, Juze

3, 18
R. hirte!lum, New Hampshire, July 25, 1621
R, blrtellum, South Berwick J unctmn,’l\m,
Aug, 5, 1990,
R. eynoshats, New Eatipshive, fuly 25, 1051
R.1 andulosum, Littieton, N. H,, July 25,
R, iriste, Shawnuno, Wis,, May 28, 1619
Riggerfmnum. Crawlord, Nebr,, June 28,
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Table 6 shows that some seeds of Ribes vulgare germinated after
nearly three years and that some of Z. oyms%atz' germinated after
nearly seven years of storage in the herbarium. These vesults dis-
agree with the observation made by Janczewski (74) that germina-
tion of Ribes seeds ceases entirely after three years.

FIELD INVESTIGATIONS OF NATURAL GERMINATION OF RIBES
SEEDS FOLLOWING DISTURBANCE OF THE FOREST FLOOR

Since 1922 the writer has given considerable time to field investi-
gations of the life histories of Ribes species associated with white
pine in New York and New England. In 1927 an investigation was
started in the southeastern Adirondack region to obtain the prinei-
pal facts concerning the amount and cause of the fluctuation of
Ribes in size and numbers during the rotation of a pine crop. Dur-
ing the course of this investigation it was observed on numerous
occasions that an abundant restocking of Ribes from seeds was not
dependent on the simultaneous presence of fruit-producing plants in
the vicinity, Frequently large numbers of young Ribes seedlings
were found on sites where it was evident that fruit had nct besn
produced for several years.

It was also observed in practically every case where Ribes seed-
lings were abundant that some recent major disturbance of the
forest floor had preceded their germination. These observations led
to the systematic investigation in 1927 and 19928 of the reletion of
forest-floor disturbances to the occurrence of Ribes seedlings,
Sample areas located in the southeastern Adirondack region and
recently subjected to such disturbances were studied in detail. In
addition, several plots located in places where the forest floor had
remained undisturbed were experimentally disturbed in 1927 and
thoroughly reexamined in 1928. On all these areas and plots, Ribes
rotundifolium was the principal species of Ribes, and when no other
specific name is mentioned, the following discussion applies to this

species.
61056°—31———8
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LUMBERING DISTURBANCE

The white pine areas of the southeastern Adirondack region are,
for the most part, subject to frequent lumbering uperations. Thess
are often carried on while the ground is not protected by snow, and,
as & result, the forest floor is ususlly torn up considerably during
the process of felling the trees and talcing out the logs.

plot typifying both general loiglgiug isturbanice and haul-road
disturbance was located near the village of Warrensburg, N. Y., for
the puvpose of studying fhe Ribes following such disturbances.
This plot was 60 feet m‘%e by 169 feet long. If was located at the
foot of a gentle slope forested with pine, hemlock, and hardwood
that had been logged for the better softwoods in 1923 and 1924,
The plot was laid out so as to include portions of two haul roads.

Sufficient information of the history of the ares was available in
1927 to permit determination of the status of the forest stand and
the Ribes population as of 1923, before the log%igng. In 1923 the
plot supposted a dense growth of pine, hemlock, and hardwood,
varying in age from 30 to 150 years and having a toial basal ares
of 23.1911 square feet, or 154.5 square feet per acre. The trees, 5
inches or more in diameter breast high, then present numbered 28,
or at the rate of 186 per acrs. According to considerable unpub-
lished data obfained by the writer on the life history of Ribes
rotundifoliwm, the competition of this stand was sufficient to prevent
the bearing of fruit by any plants of this species that were then
present on the plot.

In 1927, 10 Elants of Ribes rodundifolivm that had been in exist-
ence prior to the logging were found on thig plot. All these plants
conformed to a fypical %mbit of growth of suppressed gooseberries,
being reclining and partly buried bits of stem tufted with a few
leaves above the surface and o few feeder roots below, adding barely
enough growth above to offset the decay of the buried end. It is
known that gooseberries in this condition of growth do not produce
fruit. These data indicate that no Ribes fruit had been produced
on this plot in recent years.

‘When the plot was logged selectively in 1923, all the merchantable
white pines, along with a few hemlocks and hardwoods, were cut.
Seven of the 28 trees § inches or more in diameter breast high were
left by the loggers. Three of these, old hemlocks of 21, 23, and 25
inches diareter breast high, being in poor form, were left standing
in the cenfral portion of the plot. The logging disturbance under
these trees was slight, but elsewhere over the plot the disturbance
of the forest floor was general. In the two haul roads crossing the
plot the litter and duff were ground into the mineral soil in taking
out the logs. The locations of the haul roads, of the three remain-
ing hemlocks, and of all the Ribes found on the plot in 1927 are
shown in Figure 1.

In 1927, 244 seedlings of Ribes rotundifolium resulting from seed
germination since the 1923 logging were found on this plot. It is
evident from Figure 1 that the great majority of these occurred in
the haul roads, where the forest floor disturbance was greatest. As
a comparison, the Ribes seedlings occurring since the fogging were
present in the haul roads at the rate of 3,818 per acre, while over
the rest of the plot the occurrence was at the rate of 654 per acre.
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A careful examination of the seedlings showed that 21 had originated
in 1924, 122 ih 1925, 81 in 1926, and 20 in 1927. Yearly observations
by the writer on other plots show that & considerable mortality takes
place among seedlings of Rides rotundifolium during the first and
second years after seed germination. It is probable, therefore, that
many more Ribes seeds germinated following the logging disturb-
ance on this plof than is indicated by the number of seedlings
remaining in 1927, four years after the disturbance took place.

The seeds responsible for these plants had probably remained
dormant in the litter, duff, and humas of the forest floor from a
time when forest conditions on and near the plot were favorable for
the %roduction of Ribes fruit until the forest-floor disturbance caused
by the logging operation brought about conditions faverable for their

N
N

Fia0re 1.—Mnp of the study plot near Warrensburg, N. Y., which was
logged In 1828, ‘The hau) roads thut erossed the f?Jmt are shaded. The
circles and bleck dots murk the locatlon of the Rfles found on the plot
in 1827, four years after the logging, the former representing the Ribes
that were present on the plot In 1823 before the lopging nod the intter
the Ribes plsnts that orlginated after the logping, The ercosses mark
the locetion of the three large hemlocks left by the loppers

germination. Unfortunately, it was impossible to locate a com-
parable area in the vicinity which had not been recently logged and
which could be properly used as a check against the conditions just
described.

FIRE DISTURBANCE

The disturbance of the forest floor caused by fre differs somewhat
from that caused by lumbering. Lumbering scores, mixes, and agi-
tates to varying degrees the various floor layers, while fire consumes
the inflammable portions of these layers to varying depths, exposing
but not agitating lower layers of the forest floor which have been
buried for widely varying periods. Light burning removes merely
the dry litter and some of the duff, while heavy burning under
favorable conditions may consume practically all the materinl down
to the mineral soil,

In addition to exposing lower layers of the forest floor, fire me
reduce the acidity of the soil. Skutch (79) found that the soil
acidity in the Moun§ Desert Island burn of 1924 tested a year later
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ranged from pH 5.3 to 6.6, while the soil of the near-by unburned
forest had an acidity of pH 4.5 to 5.0. Since neutralized peat was
found fo be & much better medium for the germination of the seeds
of Ribes rotundifolivm and RB. cynosbati than natural peat in the
laboratory tests already described, it is probable that the reduction
of soil acidity in pine forests by fire is an important factor in provid-
ing conditions favorable for the germination of seeds of these species.

ost of the forest fires in the white pine areas of the southeastern
Adirondack region occur either on grassy fields growing the first crop
of forest trees since cultivation or on areas recently logged. Obser-
vations by the writer indicate that abandoned fields growing the first
crop of forest trees since cultivation are practically free of Ribes.
‘On such areas the only Ribes seeds that may accumulate in the liiter
and duff during the grst forest rotation are those introdnced from
extraneous sources, The Ribes seeds produced on such areas before
the period of cultivation began are no longer a factor; those which
may still be viable have been buried too deep by the cultivation to
become important as a source of new plants. gs a result, fire dis-
turbances on such areas are seldom followed by a prompt and general
restocking of Ribes, '

This is well illustrated by the data taken on a plot, 0.1303 of an
acre in area, located near Warrensburg, N. Y. Data obtained in
1927 indicated that this plot was part of an abandoned hayfield that
began to seed in with white pine about 1890. In early May, 1925,
the plot supported a dense growth of pure white pine, numi)ering
417 individuals from 1 to 11 inches in diameter breast high, or at the
rate of 3,200 per acre. At that time the total basal area of the
stand on the plot was 20.7813 square feet, or 159.1 square feet per
acre. On May 13, 1925, the plot was swept by a crown fire that
killed all but two of the trees and burned off the dry litter and part
of the dufl of the forest floor. Careful examination in 1927 revealed
but two Ribes, both 1926 seedlings, on this plot, or at the rate of
15 per acre.

By way of contrast, an adjoining old forest area, which had
recently been logged and which was likewise swept clear of living
trees by the same fire, had 296 Ribes seedlings per acre in 1927, as
shown by the data from two sample plots which will be discussed
in the next few paragraphs. Fire disturbance on the old field plot
failed to result in a more general regeneration of Ribes, evidently
because no seeds had been produced on the plot subsequent to the
period of cultivation, the only Ribes seeds accumulated in the forest
floor being the few presumably introduced from extraneous sources.

When Ribes seedi)ings occur on an area that has been recently
lgﬁged and burned, it 1s often impossible to separate definitely the
influences of these disturbances on the germination of Ribes seeds.
Unfortunately, no site was found for a study of the effect of fire
alone on the Ribes restocking of an old pine area. However, an okl
forest area n.ear Warrensburg, N. Y., on which fire disturbance had
followed a lumbering operation, was studied to determine the extent
of Ribes seed germination following such disturbances.

Two plots totaling 0.4966 of an acre were laid out in a shallow
and dry depression about in the center of this area, which wag
lumbered in 1923 and 1924 and burned on May 13, 1925. The data
on the two plots, one situated in the bottom of the depression, the
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other within 100 feet of the first on a gentle slope, differed very
little and are therefore grouped for presentation and discussion.
- Stump data taken in 1927 showed that these plots supported a
full-stocked stend of uneven-alged white pine, hemlock, and scattered
ogging. At that time 114 trees, or
230 per acre, 5 inches or more in %iameter breast high and from
30 to 95 years of age, wers present on the plots. The basal ares of
the forest stand on the plots was 77.8146 square feet, or 156.69 square
feet per acre. The shade of this stand was sufficient to prohibis
any Ribes present from bearing fruit. :

In 19238 and 1924 the lumbering operation removed 70 of the 114
trees. The fire of May 13, 1925, killed the 44 remaining trees as
well as all of the smaller ones left by the lumberman. gI‘he frees
killed by the fire were removed for firewood later in 1925. On these
plots, therefore, a series of three disturbances cceurred. 'The logging
of the mature timber in 1928 and 1924 undoubtedly was Tesponsible
for 2 considerable mixing up of the layers of the forest floor. The
fire in turn burned off all of the logging débris und litter and most
of the dry duff. The subsequent removal of deadwood, because of
the small size of the remaining individual trees, probably caused but
stight, disturbance of the surface exposed by the fire.

In July, 1927, a total of 147 Ribes rotundifoliwm plants, or 296 per
acre, were found on these two plots. Only 5 Ribes of the 147 found
were planis originating hefore the logaing of the mature stand. An
examingtion of the root systems of these five plants showed that each
one had originated from a layering stem of another Ribes plant
which had subsequently gone out of existence.® The roots of these

. natural layers were typical of those of suppressed Ribes, which do

not produce fruit,

In 1924, the year following the logging, a number of Ribes seed-
lings started to grow from the disturbed forest floor. Of this un-
known number, 23 established themselves well enough in one growin
season to survive the spring fire of 1925, Then, immediately follow-
ing the fire in 1925, a large germination of Ribes seeds cceurred, and
101 of these seedlings were living in 1927. Germination continued
probably at a much reduced rate in 1926, the year after the fire, as
only 17 seedlings of 1926 origin were found in 1927. Apparently the
germination of Ribes seeds had practically ceased in 1927, since but
one plant originating in that year was found. Although several
thousands of young seedlings of E. rotundifolium have been ob-
served by the writer, none have been found bearing fruit within four
years after germination from seed. On this basis, all the seedlings
found on these plots in 1927 were too young to produce fruit.

The most logical explanation of the occurrence of these Ribes seed-
lings, as will be corroll)lomted by additional observations reported in
this bulletin, is that they resulted from the germinstion of seeds that
had been lying in the deeper duff or humus, These seeds had prob-
ably been disseminated over the forest fioor during that portion of the
past forest rotation favorable for the fruiting of Ribes and had re-
mained dormant until the forest-floor disturbance cansed by logging
and fire exposed them to conditions favorable for germination.

£ For the stke of brevity, Rlbes that originnted In this manner will be referred to in
Ehis bl;}zl‘;.tm na pateral layers, in contrast to seedlings, or plants that grew dlrectly
rom aeeds.
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WINDFALIL DISTURBANCE

Although not a region frequented by storms of cyclonic propor-
tions, the southesstern Adirondacks occasionslly. suffer severe wind-
storms. The soil mantle covering the bedrock mn the forested slopes
of this region is generally shallow, and such storms upturn many
softwood trees'with shallow root systems. The root systems of these
wind-thrown trees raise above the ground level irregular patches of
the forest floor, often exposing the underlying bedrock. The layers
of the forest floor are more or less disturbed over semicircular areas
from 4 to 20 feet in diameter about each upfurned tree. The major
feature of the disturbance is the exposure of portions of floor layers
;vhich have been buried for many years under the accumulating forest

itter.

Tha site selected for studying the effect of windfell disturbance on
Ribes restocking was located near the top of a hillside east of the
Schroon River, between the small settlements of Schroon Falls and
Schroon Rivery N. Y. The study area was situated about in the
center of a 543-acre block of State land from which the Ribes had
been eradicated in 1923 by h«nd methods (16} to protect the white
pine from blister rust, The eradieation erew had removed over
100 Ribes per acre from this block, the prinecipal species being
B, rotundifolium and R. glandulosum. The exposure of the hillside
was western and southiwestern, the slopes were moderate, and a few
low ledges occurred in the portion affected by the windfall. The
type was mixed pine and hardwood, ranging up to about 70 years
of age. No older trees were found, nor were any stumps of a preced-
ing stand located on the study area. The forest canopy was irreg-
nlar because of the uneven age of the stand and the frequency of
small areas of exposed bedrock. These areas had smooth suriaces
and gentle to moderate slopes terminating in more or less irregular
benches. The benches, as well as other subsurface irregularities
on this area, were characterized by a soil-humus horizon containing
charcoal and sometimes several inches deep.

These observations relating to forest and site indicate that a
severe fire preceded the present forest stand by an indeterminate
peried. The mineral soil was sand and gravel, very shallow for
the most part. In a few places where the soil was found to be
2 or 3 feet deep, it contained large angular bowlders. Humus oc-
curred also in an individual and shallow layer on the mineral soil or
soil-humus horizons and in thin sheets on some of the rock outcrops,
covered lightly by duff and litter or sometimes by moss. In places,
water could be squeezed out of the humus, duff, and moss several
days after a rain in midsummer. The coolness of the site was a
noticeable characteristic even on the hottest summer days. The
elevation of the hilltop is given as 1,672 feet above sea level on the
United Stutes Geological Survey maps.

Because the white pine on this eradication block had suffered
considerable damage from blister rust prior to the removal of the
Ribes, the writer has visited it several times annually since October,
1922, except in 1926. On the first visit in 1927 it was noticed that
a severs windstorm had uprooted about 100 trees scattered over
about 30 ncres in the central portion of the eradicated area. This
windfall occurred during the autumn of 1925 or the spring of 1926,
perhaps during the windstorm of October 25, 1925. This portion
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of the area and some of the surrounding region within this eradica-
tion block were carefully scouted at random for Ribes during July,
1927. The search revealed but few old Ribes. Al those found
were small and incapable of bearing fruit, being for the most part
layered fragments of bushes removed in 1923. The dried remains
ofy hundreds of large bushes which had been uprooted in 1923 were
still visible in crotches of trees or on exposed rock surfaces where
the}i;had been placed by the men who had performed the eradication
work,

However, in spite of the fact that the production of Ribes seeds
was stopped by the 19238 eradication, a large number of seedlings
were found in 1927. On examination, these proved to be lar ely of
1927 germination, although some were of 1924, 1928, an%l 1926
origin. Ninety-one per cent of the 1026 and 1927 seedlings were
found within the zones of ground disturbance around upturned
trees. The remainder of the 1926 and 1927 seedlings found were
widely scattered and definitely associated with minor disturbances
of the forest floor. Since the evidence of minor disturbances is soon
effaced, no attempt was made to associate the seedlings of 1994
and 1925 origin definitely with minor disturbances that may have
preceded their inception. Some of the minor disturbances which
preceded the appearance of the younger seedlings were obviously
caused by the following:

Erosion of exposed mineral seil, humus, duff, and litter, especlally at the

edges of the thin mantle partly covering rock outerops, ond in crevices of
ledges and bedrock.

Removal of large Ribes plants in 1923 which disturbed the litter, duff, humus,
and mineral soil, expozing these to erosion. .
Pawing or geratching of the surface by animals.

Without further discussion of the relatively few Ribes seedlings
found in association with these minor disturbances, consideration
will be given to the large number of seedlings of 2. rotundifolimm of
1926 and 1927 origin found within the areas disturbed by upturned
trees. The unusual location of many of these with relation to the
normal ground surface furnishes valuable information on the longev-
ity of the seeds from which they originated.

The region of disturbance around each upturned tree was-studied
separately because the scattered distribution of upturns prevented
their inclusion in one plot. The seedlings found on and near the up-
turns were classified according to their exact location with relation
to the upturned tree. The seven zones of Iocation used are shown
in Figure 2.

Of the many upturns on this area resulting from the storm late in
1925 or early in 1926, the first 53 located were thoroughly examined
and were numbered in order as found. Ribes seedlings of 1926 or
1927 origin were found on 38 upturns, or 72 per cent of the 53 ex-
amined. Of these upturns, 16 per cent had seedlings in zone A,
66 per cent in B, 37 per cent in C, 61 per cent in D, 37 per cent in
E, 26 per cent in F, and 5 per cent in (Ex Table 7 contains the per-
tinent data on these 38 upturns, including the number of seedlings
found in each zone of disturbance around each upturned tree. The
15 upturns omitted from this table represent those on which no Ribes
seedlings were found. The angles of these upturns ranged from 20°
to 90°, and the ages of the trees from 35 to 70 years,




Figuep 2.-—Diegrammatie view of upturn to show zones referred to in text:
A, Under fnce of root bali; B, upper face of vooi ball; C, edge of root ball:
D, odge of hole; E, bottom of holc; F, clod dropped back into hole; @G, clod
thrown ahend of upturu

Tiare ¥ ~Location and number of Riles seedlings of 1926 and 1827 origin found
during Julyf and September, 1927, on 88 upturns near Schroon Liver, N Y,

{The trees were wind thrown during the sutumn of 1924 ar the spring of 1#24; tha Zone represented by each
letter is shown In fig. 2]
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A total of 495 Ribes seedlings were found in the zones of disturbance
of these 38 upturns in 1927, OFf these seedlings, 13 per cent oceurred
in zonse A, 34 per cent in B, 7 per cent in C, 20 per cent in D, 7 per
cent in E, 17 per cent'in F, and 2 per cent in G. Only 43 of these
were of 1926 origin, and none of these were found in zones A and G.
(Table 8.) Because of the severe winters in this region and the
added exposure of sites on the raised root masses, it is probable that
winterkilling had materially reduced the number of 1926 seedlings
before the study was started. Of the total of 495 plants, 27 were
. glandulosum and 468 were B. rotundifolium. Ribes seedlings
were found most frequently on the upper face of the root ball and
around the edge of the hole left by the upturn {zones B and D).
Fifty-five per cent of the 495 slants wers found in these two zones
(B and D} on 66 per cent and 61 per cent, respectively, of the 38
upturns having Ribes seedlings,

TanLE 8.—8pecies and yeor of origin of the Ribes seedlings tisted in Table 7

! Number of seedlings found In zone—
Bpecles ’gﬂwﬁgf

b E

R. rotundifoilum . _____.....

08

Seedlings of Ribes rotundifolium, 66 in number and all of 1927
origin, were found on the under faces of the root masses {zone A)
of 6 of the 38 upturns, ﬁTabie 7.) The important bearing of this
discovery on the subject of longevity of Ribes seeds will be eveloped
by the consideration in detail of the circumstarces of their occurrence.

Upturn No. 31 was one of the six having Ribes seedlings on the
under face of the root ball. This upturned tree was & small white
pine about 35 years old which had been growing from =z blanket of
mineral soil, soil humus, daff, and litter 1 to 10 jnches in depth over
bedrock. When blown over, the roots of this pine lifted up a semi-
circular portion of this blanket, 6 feet long by 3 feet in height, and
S to 9 inches in thickness, practically baring tge underlying bedrock.
The tree fell uphill, and, as & resuﬁ:, the root mass did not reach a
perpendicular position, Its under face had an overhang of 1 foot
in 8 feet of height, being raised to an angle of only 79° from
horizontal,

When this upturn was examined in July, 1927, 12 Ribes seedlings
were found growing from the under face of the mass of minera] soil
and humus woven with the fibrous and large roots of the upturned
tree, as shown in Plate 1, D. These 12 plants were shallowly rooted
in this overhanging surface in five separate groups. The thickness
of the root mass measured at the location of each of the five groups
of seedlings varied from 5 to 7 inches. The first 3 to 5 inches from
the under face was composed of a compact layer of mineral soil and
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humus, thick with fibrous roots; the remaining 2 inches nearest. the
_upper face was'duff and litter. _ o .

Because of the angle of overhang of the under face of this upturn,
the seeds from which these plants grew could not have become lodged
- there after the windfall ocourred through any naturel means of dis-
persal. These Ribes seedlings were growing from that portion of
the forest floor which had been § to 7 inches below the normal sur-
face prior to the windfall. Close inspection failed to indicate means
whereby the seeds responsible for these plants might have been forced
or carried to the soil-humus layer subsequent to 1ts formation, The
only ressonable explanation of the presence of viable Ribes seeds
3 to 7 inches below the normal surface of the forest floor is thai they
wera deposited there while the now compact lower layers of mineral
soil gnd humus were acecumulating on the bedrock, snd that they
have lain there in » dormant condition throughout the intervening

cars.

7 Ribes seedlings were found in correspondingly similar sifuations
on other upturns examined. On the under face of upturn No, §, for
instance, 28 Ribes seedlings of 1927 origin were found. (Table 7
and pl. 1, €.) This white pine tree was approximately 58 years
of age. It was rooted in a thin blanket of soil humus and minersal
.soil resting on bedrock, When blown over, the root system lifted
up e an angle of approximately 80° with f::orizontal, an irregular
Eatch of this blanket, 13 feet long by 7 feet high. The angle of over-

ang of the under face of this mass is shown by the perpeadicular
string, Plate 1, A, @. 'The thickness of the upturn varied from 1 to 12
inches, but most of it ranged from 2 to 4 inches. Of the 28 seedlings
found growing from the under fice of this upturn, 19 were located
near one end and 9 near the ¢lher end or wing of the upturned mass.
The thickness of the mass where the 19 plants were found {plL. 1, C)
varied from 114 to 814 inches, of which 1 inch was duff and hitter and
the rest a compact mass of soil humus threaded with fibrous roots
of the tree. The nine seedlings found near the other end on the
tnderside of the upturned mass were growing from a soil-humus
layer 3 to 414 inches below the normal surface. At both ends the
seedlings were shallowly rooted in the lower surface of the soil-
humus layer of the forest floor that had been raised off the bedrock
by the upturning of the tree.

A total of 169 Ribes seedlings, 8 of which were E. glandulosum
(Tables 7, 8}, were found growing from the upper faces of the root
masses (zone B) of 25 of the 38 upturns. The seed]infs found
growing on the upper faces, as well as those on the under faces,
were usually located near the ends or wings of the root mass. The
favorableness of these wing portions of zones A and B for the
occurrence of Ribes seedlings was observed on practically every
upturn where seedlings were found in either of these two zomes.
Also it was observed thet these portions, being nearest the undis-
turbed forest floor, wero less subjected to drymgl out. It may be
that the moisture conditions were more favorable for Ribes ger-
.minail';iolrll and survival on the wings than elsewhere on the upturned
root ball,

The largest number of seedlings found growing on the upper face
of an upturned mass was the 89 recorded for upturn No. 6, already
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Ao=Uptarn Mo, 6, typival of many thnt were examioed, showing Lo binnkel, of Htter, duil, sail-
lwrmus and ineend soil 1ifled off Lhe hedroek by Lhe root systain of Lhe wind-thrown tree.  Nobg
Lhe gverhnog of the lower Fee of the apturmsed mass as eornpared witl e In-r{mndicuinr string .

B Upber faee of one end or wing of uplura Na. § tshown in the foregrotmt of A); showvingr 7
Ttthes seedlings of 1020l 1027 perminition growing above Lhe nermal gronnsd line, 15 nmrkel hy
the stick, No Ribes wor fpand pn the endistarhd forest Hoor neljicent.

C.—Underface of the sume wing of upturn No, 8, showing mosi of the 19 Ribes seedlings of 127
germination found growing there (eireled in while),  Those seediings were growing fromm thint jurd
af Lhe soil-lntmug layer whieh was rosting on Jredroek before the distorbinee, 134 to 314 inches
belew Lhe normnd sirince of the forest linor,

13, =Close-ups view of o group of siy of the Ribes seedlings of 1927 permination found growing from
e nnrderfaew ol apiairn 2. 310 Before Lne wimtinf!, Lhis fhrons sarfuee of the soil-hmos Inyer,
it whieh the seorlings were shallow!y rosfeid, wing resting on Ledroek, & to 7 inehes belgw Uhe
suefnee of the forest Moo,
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A—TUmurn No, 29 showlhng in the foreeronnd a lurge rock b, which was dishodged hy e windifall,
el L cleep pit e, that i dofil in the lilter, duth, word gefl-tounns of the uppee face of e gl tred
1TSS,

Th.—~Close-up view of Lhe il g, scen In A sinwing sig Ribes seedlings (eircled in white} of 14927
gerininalipn growing from the upturned Beliam of Lhe pit.

C.o—Heetlon of the forest Meor exposed by windfl! of tree Mo, 30, showling o 19237 secdling Ribes
(It-ir;-i(-d P wlifte) prowing frome tw gail-hormmes Jeyer 288 inetes bhelirw the notasl sucineo of the
{IHE

1Y —A soil seetion hearing the Ribes seedling shown fn € wos eollected without disturbing L
pinnt ant ks shown bere with a sen)e in ipehes,  Noe that the Ribes was rooted 14 inches down
in 1he seil-huemns lyer, abiove whiely was o -ineh layer of Quif asd Wer sovered by Lichens gl
TIOSS.
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deseribed. Those on the upper face of one of the wings are shown
in Plate 1, B. These planis were rooted in the hwmus and soil-
humus layers below the 1-inch horizon of litter and quif and evi-
dently grew from seeds oceurring in these layers beneath the duff.
The mantle of litter and duff had been loosened and in s :me places
largely dislodged hy the movement of the root mass when the tree
was bﬁuwn down. ’fhis disturbance may have brought about favor-
able conditions for germination of seed lying in the humus and
soil-lmmus layers. At any rate, since an examination of the undis.
turbed forest floor in the vicinity of this upturn failed to reveal
any Ribes seedlings, it appears that the causes of this seed gap-
mination on the root ball are definitely associated with the disturb-
ances of normal sonditions by the upturn.

The divect conncction between disturbance of the forest floor and
germination of Ribes seeds from the lower layers of the same is
well illustrated by the case of upturn No. 29. This was a white pine
tree approximately 45 years of age. When it was blown down late
in 1925 or‘early in 1928 a rock 9 by 14 by 20 inches in size (pl. 2,
A, b} was dislodged from its position at the foot of this free, leaving
2 pit 5 to 9 inches deep in the upper face of the upturned mass,
{PL.2,A,a) Thesides of this Dpit, consisting of an accumulation of
Iitter and duff 2 to 3 Inches deep and a lower layer of mixed hurmus
and mineral soil 8 to 6 inches deep, were still intact when first seen
in July, 1927. (PL 2, A.} The irregular bottom of the pit, raised
fo a perpendicular }}))osition by the windfall, consisted entirely of
mixed mineral soil, humus, and small stones, held together by the
fibrous roots of the tree. Kvidently the rock had been lying on this
spot throughout the life of the tree.

In July, 1927, six Ribes seedlings of 1927 germination were found
growing from the upright bottom of this pit. (PL.2,D.) Appar-
ently the seeds responsible for these plants had been lying in this
soill-humus layer since a Eeriod between the time of the severe fire
and that of the regrowth of the forest cover, when considerable
shifting of the soil,mumus, and loose rock probably occurred.

A total of 134 Ribes seedlings, including one 1926 seedling of R.
ilandulosum, were found growing from the edges of the root ball
{zone C) and on the edges of the holes (zone D) of 25 upturns.

Tables 7 and 8.) 'These seediinigs were all growing from sections of
the forest floor exposed by the windfail. The point of origin of these
plants was consistently in the humus and soil-huraus layers, from 1
to 4 inches below the normal surface of the forest floor. A typical
one of these plants is shown in Plate 2, B. This is n view, taken hori-
zontally, of the edge of upturn No. 39, presenting a cross section of
the layers which made up the root ball of this upturned tree. The
upper layer, about 1 inch in thickness, was litter and duff on which
oceurred 8 dense mat of lichens and moss. Below the dutf there
Wvas & compact layer of mixed humus and mineral soil several inches
thick, held together by the root system of the tree.

Above the 6-inch mark on the tape in Plate 2, B, may be seen a
Ribes seedling of 1927 origin. The roots of this seedling were shal-
lowly buried in the soil-hymus layer at a point normally 23 inches
below the surface of the forest flooy. The edge of the upturned mass
at this point presented a nearly smooth face with an overhang of 1
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mch in 8 of perpendicular distance. The soil humus from which the
seedling grew was so closely packed that a section of it including this
plant was successfully cut out. This specimen of upturn ecross sec-
tion is shown in Plate 2, C. Evidently the seed responsible for this
plant was incorporated in this layer of the forest floor at the time of
1ts formation many years a%

A total of 36 seedlings of Ribes rotundifolivm. were found growing
from the bottom of the holes (zone E) left in the forest floor by 14
upturned trees. (Table 7.) All of these plants were growing in
small pockets of soil humus left in crevices and depressions in the
bedrock bared by uplifted root masses of windfallen trees. Some of
these were located under the overhanging root masses of the upturned
trees. For instance, 6 of the i1 seedlings found in the hole of upturn
No. 6 were located in crevices well under the overhanging lower face
of the root mass, too far under to have grown from any seeds that
may have fallen from the upper surface or edges of the upturned
mass. Since the bedrock sloped away from the lower face of the
upturn (pl. 1, A), the seeds could not have been washed into these
crevices from the upper layers of the forest floor after the windfall
cccurred. Before the windfall, the soil humus that later gave rise
to these plants was situated below a l-inch layer of litter and duff
and a compact 2 to 6 inch layer of mineral soil mixed with humus,
or a total of 3 to T inches helow the normal surface of the forest floor.
Evidently these six seedlings found in rock crevices under the over-
hanging root mass originated from seeds deposited years ago when
these crevices were being filled and covered over by erosion or by the
natural soil-building action of the vegetation.

Of the 90 Ribes seedlings found growing from clods of mineral
soil, soil humus, and duff that dropped og the root masses of 11
upturned trees izones F and G, Table T), 18 were identified as B.
glandulosymm and T2 as B. rotundifolium. These seedlings were
growinﬁ from the soil-humus layers of the clods, but because of the
scrambled condition of these portions of the forest floor no accurate
data could be obtained on the original position in the soil layers of
the seeds responsible for these plants,

All the 495 Ribes seedlings of 1926 and 1927 origin found on or
near the upturn were rooted in the humus or in the mixed humus
and mineral soil layers of the forest floor., The seeds from which
many of these plants originated had been lying not merely on
the surface of the humus layer just berieath the duff but actually
well within the humus or the seil-humus layers. Specific cases have
just been described wherein the seeds responsible for some of these
Ribes seedlings had been situated at depths of 2 té 7 inches below the
norimal surface prior to the upheaval of portions of the forest floor
by the wind-thrown trees. In fact, the seeds responsible for 66
of the 270 seedlings found on the upturned masses were situated so
much nearer the under face than the upper surface of the upturned
masses that the plants grew out fromn the under face.

Meny Ribes seeds were undoubtedly produced on this area pre-
vious to the 1923 eradication. When visiting the area in 1922 and
in 1923, while Ribes eradication was in progress, the writer saw
many large fruit-producing bushes, especially in the lightly shaded
or open rock outcrops that were go prevalent on this tract, That
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over 100 plants per acre were removed in 1923 and that ag late as
1928 bundles of large dead Ribes were still conspicuous in the
crotches of trees where they were placed to dry out when uprooted
by eradication crews in 1923 are additional indications of the thrifti-
ness of Ribes on this site prior to 1923, .

Since the only major changes in the density of the forest cover
subsequent to the severe fire that occurred some time prior to 1857
and up to the windfall late in 1925 or early in 1926 have been on
the side of increasing shade, it is reasonable to presume that forest
conditions on this site had been still more favorable for Ribes growth
and fruit production during the earlier portion of the present rota-
tion than they were in 1992 and 1923, when first observed, It is
also probable that the fire of unknown date had an influence in
aiding the restocling of this area with Ribes and that these plants
fliourished on the site before the oldest trees of the present stand
started to grow. Undoubtedly, during the period of more than 65
years between the fire and the 1923 eradication of Ribes, a large quan.
tity of Ribes seeds was produced and disseminated iocally on this
area.

During the early portions of this period, before the vegetation
and the young forest cover succeeded in anchoring generally the
mineral soil and the remaining humus and duff expose by the fire,
it is conceivable that erosion, even on the more moderate slopes of
this hillside, caused considerable shifting of the exposed soil, This
is indicated by the presence at the time of exzmination of man
areas of bare bedrock 20 to 50 feet in diameter, usually fairly smooth
and with but moderate slope, together with the compact arccumula-
tion of mixed mineral soil and humus found va the tables or shelves
and over the more irregular areas of bedrock lying hetween the out-
crops. The presence of the large rock, which had been lying partly
embedded in_a mixture of mineral soll and humus until dislodged
by upturn No. 29, may also be explained as resulting from soil
movement oceurring after the severe fire and before the subsequent
regrowth of the forest.

he shifting of material as disclosed by these observations un-
doubtedly resulted in the burial of many Ribes seeds which, as has
been indicated, were probably bein produced on the area at that
time. In addition, many of the Ribes seeds that were produced
after erosion had been largely checked by vegetation became dis-
tributed locally in the duff and Ltter of the new forest. As this duff
increased and disintegrated, the seeds that were not destroyed were
gradually covered by the newly formed humus and as a result were
present in the humus Iag;er at the time of the windfall.

During the period of erosion following the fire and subsequently,
while the duff of the new forest was building up the humus layer,
some of these seeds retained their power to germinate. It seems

probable that this dormancy. was enforced by the lack of proper -

conditions for germination, “At first; when the frosh seeds are lyin

near the surface of the forest floor, the responsibility for their
dormancy may rest on one or more of several factors, such as the
rapid drying out of the litter and duff, the impermeability of the.

seed coats of fresh seeds, the afterripening of the embryoiland this

resistance fo disintegration of the fruit skin and pulp which harden
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on drying. Later, when the litter and duff accumulation of several
years has covered the seeds more deeply, it is probable that their
dormancy is favored by temperature conditions,

It has already been shown that seeds of this species of Ribes did
not germinate promptgr or abundantly at constant femperatures, but
that prompt and abundant germination resulted when the seeds were
exposed to daily temperature alternation of J10° and 25° C. ILi
(15) has shown that the daily range of soil temperatures below the
floor surface of 3 forested area is much smaller than that of air
temperatures 3 feet above the floor surfaces. The comparative
figures from Li’s work, changed from the Fahrenheit to the Centi-
grade scale, are shown in Table 9.

Tasis 9.—Monthly srithmeticel mean of the deily ranges of temperature al
different Iocations in 1white-pine forests near Keene, N. H., in 1924

[Rearranged from Li's (15) tebles]

Arithmetical meana of tha daily ranges of
temperature for—

July August | September| October

Youpg forest: . o =0,
3 feol above the surfzec } ! 1

8.

&

6 inches below the surface 1,
Old forest: -
3 feet ahove the surince 163

At the surface . .-

6 Inches below the surface 1.4

3
4.
L
3.
4

Although it is likely that the daily range of temperature is greater
during May and June, when much of the germination of Ribes seeds
occurs in nature, than during July, August, September, and October,
for which figures are given, 1t is not conceivable that the daily range
of soil temperatures 6 inches below the surface approaches the 15° %
daily range used so successfully in germinafion tests at the Boyce
Thompson Institute. It seems reasonable that the raising of humus
containing dormant Ribes seeds from a depth of 5 to 7 inches to
heights as great as 10 feet above the forest floor by the roots of
upturning trees increased the daily range of temperature at the
surface of the newly exposed humus to a point favorable for the
germination of the viable seeds which were lying within the portions
so affected.

It is impossible to estimate the maximum age of the seeds which

roduced Ribes seedlings on this upturn area in 1926 and 1927.
IE;ome of the seeds responsible may have antedated the severe fire,
while it is reasonably certain that some were produced shortly after
the fire, before vegetation completely anchored the exposed mineral
soil and remaining humus. T})nfortunately, the detailed forest-fire
records for this region are comparatively recent, and no information
could be found as to the date of the fire. Since the maximum zge
of trees exsmined on this area was approximately 70 years, these
trees showing no fire scars, the five occurred some time prior to 1857.
Conservatively, the length of the period during which the Ribes
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seeds responsible for many of the seedlings had remained viable
may be placed at about the age of the trees which were upturned,
from 25 to 70 years.

ROAD-BUILDING DISTURBANCE

Many miles of highways have been cut thrmﬁgh the forests of the
southeastern Adirondack region. Constant e ort is made by the
highway forces to improve tﬁis road system by relocating to reduce
curves and grades and by widening the right of way, as well as by
renewing the traction surfaces, In relocating and widening high-
ways running through forested aress, the forest foor is disturbed
over long narrow strips on each side of the roadbeds. On these
strips the trees are cut, the stumps, bowlders, and rock outcrops are
removed, and new cuts or fills, shoulders, and ditches are made.
This work exposes new profiles of the forest floor and mixes up
generally the litter, duff, humus, and mineral soil layers on the
roadside strips.

Ty)gical disturbance of this descri;i;ion was found along the high-
way from Paradox to Ticonderoga, N. Y., which was in the process
of reconstruction during 1926. At the point to be describe here,
this work consisted of widening a cut where the road passed through
a stand of mixed pine and hardwood, excavating new ditches, and
building a new gravel road with wide earthen shoulders, This road-
side stand of pine and hardwood was fully stocked, having a basal
aren of 116 square feet per acre at an age of 25 to 35 years. It ex-
tended over a strip 75 to 150 feet wide, separating the highway from
a pastured area which supported scattering white pines mixed with
brush. In 1927, this gast,ure from which the roadside forest had
evolved still had an g normally large population of mature Ribes
rotundifolium plants. Under the dense forest stand fringing the
roadside, the dead or dying remains of large Ribes indicated that
these plants had thrived there also, before the competition of the
growing forest became too keen for their survival,

In rebuilding the highway through this ares in 1928, the right of
way was widened into the roadside fringe of pine and hardwood. In
July, 1927, an abundance of Ribes rotundifolium seedlings of 1927
germination were found growing on the side of the road where fresh
soil had been exposed in 1926. A study plot, 85 feet long and 30 feet
wide, was laid out along this roadside (pL. 3, A} to include the
shoulder of the new road beginning at the edge of the hard surface,
ths sides and bottom of the itch, the side of the cut, the turned edee
on the back of the cut, and an undisturbed strip of adjacent woodian%.
The plot was divided longitudinally into four sections, as shown in
Plate 8, B, :

A total of 259 Rides rotundifolivm seedlings of 1997 origin were
found on this plot during several thorough searches made in Jul A
August, and Sﬁf)tember 1927, and in August, 1928, (Table 10.) 1In
ad(fit,ion, 21 older plants of the same species were located. Qne of
these grew in a clod of forest duff and mineral soil that had slipped
part way down the incline of section B, 5 others were found on clods
within section C, and the remaining 15 grew on the undisturbed forest.
floor within section D. Of these 21 old Ribes, nearly sll of which

_ Were natural layers from large bushes that had evidently existed on
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the plot before the elosing in of the forest canopy, only 3 had more
ihan 4 linear feet of live stem, and 2 of these had but 8 feet of live
stem. The third of these thres plants was still a large bush with
about 100 feet of live stem and was the only bush on this plot found
bearing fruit (very few berries) in 1927. One of the other bushes
had fruit canes still alive which may have borne fruit in recent years.

Nineteen of the 21 old bushes, Including the 2 with fruit stems,
were found in a group within 13 feet of the eastern end of the plot.
Fifteen of the old bushes grew on section D, but only one of these was
more than 13 feet from the eastern end of the strip. All the Ribes
found on section D were natural layers from a preceding generation
of Ribes. The 1927 seedlings were found generally distributed over
the entire Ienﬁth and width of sections A, B,and C. All Ribes found
were uprooted.

Tanre 10.—Scedlings of 1087 germination end older busics of Ribcs rotindi-
folium found on the roadside plet near Paredoz, N. Y., during veveral thor-
owgh searches made in July, August, and Sepiember, 1927, and 4 Auguat,
1928

1027 seedlings

Cotal num-
ber of older

Total Rate por
number acra

Sguare feel
624
T8
244
- 007
Total. . . - 2,585

3, 7
8,377
4,810

L)

The striking point in the data shown in Table 10 is that Ribes
rotundifoliwm scedlings of 1927 germination were found on the fresh
carth surfaces of sections A, B, and C nt rates ranging from 3,770 o
9,819 plants per acre, while no 1927 seedlings whatsoever were found
on section D, which included only the undisturbed forest floor,

These data indicate that general germination of Ribes seeds is
ordinarily secured only where the forest floor has been disturbed.
The absence of abundantly fruiting bushes along this roadside, to-
Eether with the finding on a number of layered fragments of large

ushes which had probably borne fruit before prohibited by the com-
petition of the forest, leads to the conclusion that many, if not all, of
the 1927 seedlings found probably germinated from seeds that had
lain dormant in the forest floor from the time that the area sup-
ported abundantly fruiting Ribes until the road builders, by brealk-
ing up and distributing the litter, duff, humus, and mineral soil of
the forest floor, relensed the Ribes seeds and unwittingly prepared a
seed bed where conditions were favorable for their germination.

EXPERIMENTAL DISTURBANCE

On September 13 and 14, 1927, when relatively few berries re-
mained on the Ribes in the locality, section D, of the Paradox road-
side plot already described, was experimentally disturbed, Section
D was 85 feet long and averaged 10.68 feet in width, This ares of
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0.0208 of an ncre was cleared of slash and bowlders, snd the vegeta-
tion, except for trees over 1 inch in diameter, was pulled up and
thrown outside of the plot. Ali the 2 to 3 inch layer of litter, duff,
znd humus, except for stray bits which lodged in the surface irregu-
larities, was removed with = rake and a pitchfork and piled outside
the ends and edge of section D. The mineral soil was exposed over
the entire section.

This roadside plot was not thoroughly reexamined until August 3
and 4, 1928. At that time all sections of the plot were carefully
searched for Ribes. Many Ribes seedlings of 1928 origin were found
in all the sections, as shown in Table 11.° A comparison of this table
with Table 10 shows that while slightly fewer seedlings originated in
1928 than in 1927 on sections A a.ndy C, many more originated in
1928 than in 1927 on section B. The proporticnately greater germi-
nation of Ribes seeds in 1928 on section B than on either sections
A or C may possibly be explained by the fact that this section, which
included the longest and steepest slope (pl. 8, A and B) on the plot,
was eroded more than either of the other two divisions. Evidently,
erosion had exposed a greater number of buried seeds to conditions

favorable for their germination on section B than on either sections
AorC.

TARtE I1~—Ribes rotundifolium seedlings of 1928 oripin on the roudside piot
near Parador, X. Y., in Adugust, 1928

1923 seedlings
Sectlon Aron
Sguare feet
A 624 a8 2,053
B T - 80 268 14,467
g 244 g:ﬂ 8748
............ ——— 2

DAl piles outside D, A N sor. s3]} aLess

Total____ —_— .- 2,555 4,639 [

Section D, where no Ribes seedlings had occurred in 1927 (Table
10}, and which had been eerrimentall disturbed on September
13 and 144 1927, was a veritable seed begY full of Ribes in August,
1928, On the strip itself, 942 seedlings were counted (Table 11),
while 342 were found on the piles of litter, duff, and humus removed
from the strip. Seedlings grew on section D and from the organic
mentle removed from this strip, at the rate of 61,666 plants per
acre. These figures are low, since young Ribes are easily overlooked
and the examination was made late in the season after some earl
mortality hed undoubtedly occurred. The seeds responsible for these
plants hed evidently been lying dormant in the duff, humus, and
mineral soil of the forest floor prior to the disturbance.

In considering the distribution of the 1998 seedlings, it should be
remembered that 14 of the 15 old Ribes removed from section D in
1927, including the two plants with fruit stems, were found within
13 feet of the eastern en(? of the plot. The portion of the plot sup-
porting these 14 old bushes in 1927 on an ares of 150 square feet
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groduced 30 seedlings in 1928, or 8,712 per acre. On the remaining

57 square feet of section D, excluding the plants found on the duff
piled outside the strip, 912 seedlings were found in 1928, or 52,479
par acre,

Plate 4, A, shows the distribution of the 1928 seedlings as well as
the location of the old plants removed in 1927. It is evident that
14 of the 15 bushes removed in 1927 were responsible for very few of
the seeds which resulted in the 1928 crop of seedlings. The last ono
of the 15 old plants removed in 1927 was nearer the other end of
the plot. This 7-year-old plant was a natural layer from a mmuch
larger bush which apparently had succumbed to the influence of
increasing competition of the forest. Judging from the age of the
rema,ininﬁ fragment of this old plant, it was estimated that the
latter had dechned too far by 1917 to bear fruit. In 1928 man
seedlings were found on the site of this old plant. (Pl 4, B.) It
therefore seems probable that these seedlings grew from seeds that
had lain dormant in the duff and soil for 10 vears or more.

These data indicate that seeds of Ribes rotundifolium may remain
viable in the forest floor for several years after the parent plants
have been eliminated and that a disturbance of the forest floor
brings about their germination.

Data resulting from the experimental disturbance of a sinall area
near upturn No. 30 also showed that Ribes seeds lying in the forest
floor ordinarily germinate only after some disturbance of the duff
brings about favorable conditions. The upturn occurred late in
1025 or early in 1926, and on July 27, 1927, 17 Ribes seedlings of
1926 and 1927 origin were found growing in zone D. (Table 7.)
No seedlings were growing beyond the disturbed edge of the hole
left by the upturn.  On September 22, 1927, an area of the forest
floor 3 by 9 feet in extent and lying just outside of the disturbance
caused by upturn No. 30, was djstuz%ed by furrowing the area down

* to bedrock with a pointed stick. Although no seedlings were found
on this plot before it was disturbed in 1997, 11 Ribes seedlings of
1928 origin were found there on August 17, 1928. (PL 5, A.)
These grew, as the direct result of the experimental disturbance,
from seeds that had been lying in the duff and humus since the
eradication of Ribes from this forest area in 1923.

Interesting results were also secured from the experimental dis-
turbance of strips across a plot 90 by 100 feet in size, docated on
an eastern slope at the southern end of Haclkensack Mountain, War-
rensburg, N. Y. This slope was densely wooded, supporting a pure
stand o% white pine about 75 yesis of age. The basal area of the
trees on the plot, at 1 foot above the ground and iunside the bark,
was equivalent to 267 square feet per acre. Unpublished data ob-
tained by the writer on ghe life histor? of Ribes rotundifolium indi-
cute that the bearing of fruit by plants of this species, growing
under fully stocked coniferous stands, ceases before the basal area
of the stand reaches 150 square feet per acre. The stand on this

lot, with 267 square feet, is estimated to have passed the 150 square
?eet basal area mark between 1887 and 1897, based on growth meas-
urements of stumps on the right of way for a telephone line re-
cently cut through another part of the stand. This indicates that
fruit production of this Ribes has been lacking or very limited on
this area during the last 35 to 40 years.’
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On July 20 and 21, 1927, several careful searches of this plot

E' Ided 85 Ribes plants, 30 of which were B. rotundifolium, and 5
. vulgare. All the Ribes were of small size, 18 having less than 1
foot of live stem while the largest had but 4.3 feet-of live stem.
The Ribes population was equivalent to 169 plants per acre. These
Ribes were either of spindling upright form or of reclining vinelike
form, both of which are common types for Ribes existing under
heavy shade. The writer has never found R. rofundifolium or
B. vulgare of these types bearing fruit, All Ribes found were re-
moved from this plot 1n 1927,

During September 7 to 10, 1927, the plot on Hackensack Moun-
tain was divided by strings into 9 strips, each 10 feet wide by 100
feet long and extending from the higher to the lower end of the plot.
The nine strips, designated consecutively by letters from A fo I,
received the following individual treatment:

Biyip A—AT vegetation was removed and thrown outside the plot. An
attempt was made to remove from this strip ali the litter, duff, and humus,
together with a thin kayer of mineral soil, without spilling sny of this material
on the portion of the strip already bared. A shovel was foreced throurh the
upper part of the minersl soil in a horizontal direction, and complete sections
of the forest floor with layers intact were carefully lifted on the shovel over
the unworked portion of the strip, This materinl was thrown outside of the
strip at the ends and along the outer edge. In spite of the care used, obstrue-
tions such as roots and bowlders oceasionally esused the dropping of smalil
bits of the organic mantle on the bared portioms of the strip. The layer of
materinl removed averaged sbout 234 inches in depth, most of which was
ploe-needle litter. The mineral soil exposed, a sandy leam of light-brown
color, was then raked to loosen the surfsce and thus provide better conditions
for the germination of seeds that might remain on the strip.

Strip O.—all vegetation and logse stones were removed from the strip.
Beginning at the ends of the strip, practieally all the 2-inch layer of litter,
duff, and humus was removed with a rake and pitehfork, 'The organic mantle
of the middle portions of the strip was tossed and raked over the mineral-soil
surfoces rlready exposed at either end, In an sttempt to sift out of this material
any Ribes seeds it might contuin and lenve these on the strip. 'The material
removed was plled outside the ends of the strip.

Btrip B.—All vegetution and loose stones were removed from the strip.
Beginnir}g near the middle of the strip and using the loop side of & lawn rake
-the 1ig-inch layer of litter was raked townrd the ends of the strip, exposing
duff, humus, and, In some places, minetal sell, The raking was carefully done
20 ns to avold seattering any of the removed litter over the newly exposed sur-
fnce of the strip. The material removed was piled outside the ends of the sirip.

Sirip G.—All branch lltter, vegetation, nnd loose stones were removed from
the strip. None of the leaf litter or dnff wos moved off the stelp, but the
forest floor down Into the mineral sofl wag thoroughly agitated with Take,
shovel, and pitehfork,

Strip I—AIL branch Htter and vegetation were carefully removed with as
little forest-floor disiurbanee as pessible,  Over 200 rocks showing above the
surface were similarly removed. No other treatment was used on this strip,

Stripe B, D, F, and H—These alternnte strips were left as checks and were
not disturbed intentionally. However, a slight disturbance of the forest floor
may heve been caused by the removal of the Ribes from these strips in 1527
and by having branches and stones from the adjoining treated strips thrown
on them. A sMght foeal disturbance of the forest floor of check strip B was
later observed, as the owner had removed a dead tree for fuel during the
winter of 192728,

Al] the strips were carefully searched for Ribes seedlings five times
between May 24 and September 14, 1928. The total number of these

plants found on each strip and on the piles of material removed from
strips A, C, and E is given in Table 12. '
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Taswr 12.—Ribes seedlings of 1928 germination found betweon Moy 24 and -
Beptember 14, 1928, on strips frested in various iodye on the. Hackensack
2Mountain plot, Warrensburg, N. Y. o S S

[Detailed deseriptions of the irsatments are glven on . 5]

Beadlines

On duff.
piled out-
slde of

. AQ organie mantle removed withont relensing fine particles___| -

B {check)....] No intentionpl disturbance. (Removs) of one free by owher
cansed slight local spitation of forest fluor.}.

All organic mantle removed after thorongb sagitation to
relanse fine particles. ’

No intentional disturbance. N

Litter rormoved without relessing fine particles or agitating
lower duill loyer,

T {cheeck)....| Mo iutentional disturbance -

[t ‘No material removed, but forest Noar thoronghly egitated to

’ mineral soil, . .
H (check)....! Mo intentions] dlsturbinca
I Vegetation nnd exposed rocks ramoved withent agitation or
removat of litter and dufl. :

t (e of thesa plants was Ribes oulgare; ol the others wers B. rolundifofiam.

The data on Ribes seedlings of 1928 germination found on the
Hackensack Mountain plot (%‘able 12) furnish valuable indications
of the depths below the normal surface of the forest floor at which
the seeds producing the plants wera lying. On strip A, where all

. the forest floor down into the mineral soil was removed s com-

- pletely as possible, only six seedlings were fcund. Two of these
were growing from the eross section of the duff and humus layer
exposed at the extreme edge of the strip. The other four plants
came up in the strip proper from the mineral soil which had been
bared by the remcval of the organic mantle. It is likely that some
particles of duff and humus which were accidentally dropped
on the mineral-soil surface of this strip during the process of re-
moving this material included some viable Ribes seeds from which
these four plants may have originated. The fact that 27 seedlings
were found growing from the material removed from the strip and
piled outside of the plot indicates that the litter, duff, humus
and upper mineral-soil layers removed harbored most i# not all
of the viable Ribes seeds present in the forest floor. Thirty-three
seedlings came up in 1928 on strip A and on the material removed
therefrom, _

On strip ¢ proper and on the material removed from strip- C,
31 plants were found in 1928, or very mearly the same number as
on strip A. The difference in the method of removing the organic
mantle on strip .C, where this material was thoroughly agitated
and raked over the exposed mineral soil before Temoval, resulted’
in a higher proportion of the Ribes seeds contained in the litter,
duff, or humns being left on the strip itself.

On strip E 32 Ribes seedlings were found on the strip itself and
on the material removed from the strip, as compared with 33 for




. found.
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-ateip A and 81 for strip-C.. ‘In the case of stii E, however, all
‘but 2 of these 32 plants came up on the strip itseFf, indicating that
few of the viable Eihas- seeds were included in the material removed.
‘Since this material (the surface layer of litter) was removed with-
out’ distributing any particles of it over the completed portions of
 “the strip, it seems certain that most, if not all, of the seeds respon- .
sible for the 82 plants found were present in the duff layer 115 inches -
or more below the surface of the forest floor before the strip was
treated. The fact that the carefully removed layer of litter, averag-

-~ dng 1145 inches in depth, produced but 2 of the 32 sesdlings found

on this strip indicates that few, if any, of these plants grew from
recently disseminated seeds. -

. On 'strigs G and T, 20 and 4 Ribes seedlings respectively, were

ssuming that Ribes seeds as indicated. by the amount of

- germination obtained on strips A, C, and B, were evenly distributed

over the entire area, it is evident that the treatment of stiips G and

T was not so effective in causing germination of dormant Ribes seeds

. lying in the forest floor as was the treatment of strips A, C, and E.

On the check strips, B, D, F, and H, but four seedlings ‘were
found in 1928. Two of these, located on strip B, were definitely
associated with the local distuzbance of the forest floor caused by
the felling of & dead tree on this strip during the winter of 1927-98,
The fact that only two other seedlings were found on these four
strips, on which a slight disturbance could not be avoided, is further
indication that the general germination of dormant Ribes seeds
lying in the forest floor is primarily dependent on major disturb-
ances of the organic horizons. - a

The seeds responsible for the relatively large number of seedlings
of 1928 germination oceurring on the freated strips {on strips A,
C, and E at the rate of 1,394 per acre) had either been produced on
the area before the shade ofp the forest stand became prohibitive
for the fruiting of Ribes or had been radually introduced from
extraneous sources and had accumulated in the litter and duff during
the life of the stand. The fact that most of the Ribes seedlings
grew definitely from the duff horizon indicates that the seeds re-
sgonsible had been lying dormant in the forest floor for a consider-
able period of years, perhaps 40 years or longer.

In addition to the experiments already discussed, 20 small spots
in various locations in the southeastern Adirondack region were
artificially disturbed late in 1927 by raking off by hand the surface
layer of litter in order to test further the response to this treatment
as measured in the resulting number of Ribes seedlingii. Only 15
of these spots could be found in 1928. The resuits of the examinsa.
tion of these are shown in Table 13. The spots were circular for
the most part, averaging about 4 feet in diameter.
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Taptr 13.—Ribes scedlings found in 1928 on apots artificiclly disturbed lale
in 1927 ot various points in the southeasiern Adirondack region

Number
Num. | of 1858 Average
Location of spot with reference to old Ribes ber of | seedlings ot
spets | on eatch persp

spof

Ficked at random in Schidor River upturn ares,

Under dying Ribes bush . -

Om sites whare large Ribes bushes were hung up durlng 2923 eradics-
tion season -

On sites of large Ribes bearing It in 1027,

On original site of large Ribes eradicated In 1623,
Tnder large, desd Ribes bush in beavy ploe shads

1. 06
525
10. 30

22 1
30,00

=
=
foye
L-1- R S -

———
te

)
2us

Of the 15 spots disturbed in 1927 and reexamined in 1928, 9 had
Ribes seedlings of 1928 origiv, from 1 %o 89 in number. In omnly
four spots wers more than three seedlings found in 1928, Tt is in-
teresting to note that in thres of these four cases there had been no
recent source of seeds. The two spots on original sites of Ribes
eradicated in 1923 produced a total of 44 seedlings, although there
had been no source of seeds in the vicinity since 1923. One spot, 44
inches in diameter, under a large dead Ribes bush had 89 seedlings
in 19928, despite the fact that the busih had been dead at least 5§ years
and probably had not produced any fruit in the last 10 years, because
of its position in the dense shsde of pine trees 45 years old. These
data are additional indications both of the longevity of Ribes seeds
contained in the forest floor and of the necessity, under ordinzry
conditions of a forest-floor disturbance, for their general germinn-
tion,

Ribes seedlings came up on the Hackensack Mountain plot, on
gection D of the Paradox roadside plot, on the small plot near upturn
No, 30, and on the nine small artigi)cially disturbed spots, as a direct
result of forest-floor disturbance unaccompanied by any abrupt
change in the forest canopy. This fact indicates that the shade of
the forest camopy wes not the prineipal faetor confrolling the
dormancy of the seeds lying in the forest. floor,

SUMMARY

Experuments and observations reported in this bulletin indicate
that viable seeds of some species of currants and gooseberries, par-
ticularly of Ribes rotundi}%lium, accumulate in the forest floor of
white pine areas during periods faverabte for the bearing of fruit
by plants of these species; that these seeds may remain dormant in
the forest floor for proiracted peripds; and that they germinate soon
after the occurrence of forest-flocr disturbances such as are caused
by ground fires, logging operations, windfalls, and road building.
Apparently, such disturbances of the forest floor are essential for
the general germination of these naturally stored Ribes seeds. These
seeds may germinate under a heavy forest canopy if the forest floor
is disturbed down fo the mineral soil.

Laboratory tests show that seeds of Ribes rotundifoliwm and E.
cynosbati germinate more abundantly and more Eromptly when sub-
jected to daily alternation of temperature then when the ternperature
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remains constant. Daily alternation of temperature from 10° to 25°
C. gave the best results.” It seems Erobable that the much narrower
daily range of temperature below the surface of the forest floor may
be an important cause of the dormancy of Ribes seeds lying below
the surface. :

Sceds of these species tested under laboratory conditions germi-
nated less promptly and less abundantly in natural peat than in peat
neutralizec%) with caleium carbonate.” These results su oest soil
acidity as another factor that may favor dormanc in Ribes seeds.
Other investigators have suggested various causes for the dormancy
of seeds, such as immaturity of embryos, dormancy of embryos, me-
chanical resistance to expansion by the structures mnclosing the seed,
and the impermeability of seed coats of some seeds, While it was

', ot possible from the studies reported in this bulletin to determine
“what factor or combination of factors is responsible for the dormancy
of Ribes seeds stored naturally in the forest floor, it is obvious that
this dormaney oceurs, .

From the standpoint of blister-rust control, it is necessary to retain
white pine aress relatively free of Ribes planis because the extent of
the damage caused to pines by the blister-rust disease is proportionate
to the abundance and susceptibility of Ribes leafage within approxi-
mately 900 feet of the trees. To this end, on areas where conditions
are favorable for the growth of Ribes, the prevention of ground fires
#nd the minimization of other forest disturbances that %ring about
the germination of naturally stored Ribes seeds are of importance in
control work. It is also important that control operations be timed
so as to keep white pine areas free of fruit-producing Ribes plants,

in order to prevent the accumulation of seeds in the forest floor,
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