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INTRODUCTION

The propagation of plants by seeds is often made
difficult by dormancy in seeda. A dormant seed 18 one
that will not germinate when it 1s exposed to couditions_
favorable for germination. Such seeds will begin growth,
however, after they have been subjoctgd to the proper
after-ripening conditions. Therefore, the grower musat
wait several months in many cases before his seeds will
germinate. 8ince it 1s often desirgble to determine the
viability of seeds at an early date, seed dormancy has
presented a majo? proplew tg the farmer. The testing of
dormant seeds (lj,6,4l,56,6k,) 1s widely practiced and
rules for seed testing have been formulated (55).

Orocker (21) listed the following factors as causes
of seed dormaney: (1) a rudimentary embryo; (2) inhibi-
tion of water absorption by the seed coat; (3) mechanical
resistance of enclosing structures; (}) interference with
oxygen and carbon dioxide diffusion by the seed coat;
(5) dormancy of the embryo or part of it; (é) a combina-
tion of the above factors; and (7) secondary dormancy.
Other investigators have added to this 1list inhi?i?ing A
substances in the seed coat and in the embryo (1,2,11,1k,
18,36,50,51,57) .

A great many seeds mey be grtqruyipened by a low

temperature treatment (22,23,33,3L4,40,45). The length of



treatment may vary with the amountvor_ingidgnt light'for‘
geeds that are lightesensitive (12,37,42,43,63,66,71,72),
although the effset of 1}ghy on other seeds is not
temperature-dependent (3,29,62,67). The red portion of
th, syla? spee#rum has the greatest effect on germination
(3,12,75,76). §3tudioa indicate that light initiates or
inhibitn gormin mtiam by affecting compounds in the sesd
(62,67). Stilx other seeds will germinate only after
being stored rq; varisus perisds at a relatively high
temperature (5&,68).

Many of the chemical chaggog tyat-tako place during
the after-ripening period (39,34,60,72,73) are reversidble
and secondary dormaney ean‘ocgur_ir'ae?ds are subjected to
unfavorable oenditions (10,15,21,27,38,63).

The studles reported here cnncern the effect of the

geed coat on the germination of Rhodotypos kerrioides
(jet dead).



HISTORICAL

The seed coat may be: (1) impermeable to oxygen or
carbon dioxide (20); (2) impermeable to water (21,49);
(3) offer mechanical resistance to the expanding embryo
(2ly); or, (4) contsin inhibiting compounds (11,51). It
is possible that a combination of these factors may be
expressed. Removal of the sesd coat from the embryo
bripga_ab?ut gormipatlon of a great many dormant seeds
(22,28,31,33,34,35,404,54). Inhibition of germination by
the aood~oegt may be determined by the genotype of the
seed (61,66,77).

One of the earlieit studies on the effect of the
seed coat on germination was made by Croecker (22) in
1906. Crocker found that cocklebur seeds would take up
from 1.6 to 2.4 times as much oxygen with the coats re-
moved as they would when the coats were left intact. The
oxygen was found to diffuse faster through dry sseds than
1t would through seeds soaked in wa?or. Preshly gathered
cocklebur seeds failed to germinate, but 100 percent germi-
nation occurred when the seed coats were removo@.

Since the embryo 1sloncloaod by seed cuvats, and per-
haps by other structures, it does npt have ready access to
oxygen. The §ormancy of some seeds, such as wild oats and

other cereals, can be broken by increased oxygen concentra~



tion (18,48). The germination of Prosopis stephaniana, &
woody shrub, can be brought about by e sulphurisc acid treat-

ment which probably inereases the rate aof oxygen exchange
(49). The seed coat has been shown to limit the oxygen
supply to Tilia emericens (American basswood) embryes (70).
Ayens fatua (oets) germinates with less delay if the seed
coats are removed (5). When the seeds of Medicagp gative
(lueerneg alfalfa) are subjected to inereased oxygen
preasure, germination increases; short periods of high
oXygen pressurs geem to be more effective in braesking the
dormancy of these seeds then long periods of low sxygen
pressure (26¢).

The impermeabllity of the seed coat to carbon dioxide
may also be & factor in dormaney, and treatment yith carbon
dioxide will break the dormancy of some seeds (T,59).

Crocker (19) suggested in his atudy in 1907 that
failure of some seeds to germinate was due to effects of
the secd coat. His study (25) in 1918 shows that the
enbryo itself may sometimes be dormant. Seeds with coats
that inhibit water absorpt;on mey remain viable for meny
years (19). As an example, seeds of Nelumbe (sacred besn)
may germinate after 200 years of damp storege (20).

The meed coats of many species are mgdo’permeablo to
water by the action of sulphuric acid {18,49,69) or by
heating (20,47). Water enters through the hiler fissure
or eroded pits of the testa of treated seeds (16). Xhu-
dairi (49) demonstrated that the seeds of Proscpils



stephepiane (a woody xerophytic shrub of Iraq) are dormant
when collected because of a hard seed coat. A sulphurie
acid treatwent coracks the seed coat making water absorp~-
tion possible. Spaeth (69) showed that the impermeabil-
ity of the testa of PL1%

. {basewood) seeds inereases with
dry air storage. Per@aability of thos? seeds increases
during stratification, but water resistance may persist
for several yeers. The dormancy of Medlcago sativa can be
broken by freesing in }1quid alr. The ssed coat is probably
cracked in the process, allowing greater penetration by
water (16).

Inhibition of gsrmination by the geed coat mey be
determined by the genotype of the seod, but meteorolog-~
1cgl_conditiona also influence the nature of the sscat
(3,9,53). White (77) showed that omly 2 percent of the
seeds produced by a single Melilotus alba (white sweet
clover) plant were of the same hardness as the parent.

He produced hard and soft varieties by selective bresding.

Certain seed coats may reatrist mechanically the axe
panding embryo making germination impossible. Crocker and
Davis {2}) have shown that Allsme plantege (water plantain)}
seeds are able to remain Iin water for years without germi-
nating because of mechaniecal restraint of the achsnes.

Hany compounds hgve been discovered that stimulate
seeds to germinate (8,53). The dormancy of Amypdalus
persica (Lovell peach) seeds can be broken by treatment
with thiourea solutions (7). These seeds germinate only



if the stony pericarp znd the inner seed coats are removed,
and they develop into dwerf seedlings. Peach seeds with
only the pericarp removed wlll not germinate unless they
ere stored at a temperature of Iive degrees centigrade for
about three months in 2 molst medium. Treatment with
thiourea will bring about germination with the seed coats
intect. Cray (41) shows that dormant peach seeds will ger-
minate if they are treated wlth gibberellins. Lswns treated
with 100 ppm of glblerellina for a period of two weeks will
show & fif'ty percent increass in Diglteris senguinalis
(erab grass) germination. This could be an eaid in irradi-

cating the weed. GClbberellin will alse improve the germi-

nation of the noxlous weed Fagepyrum tatarical (tertary
buckwheat) (9) and Douglas-fir (66). The seeds of Pennise-

fun setogum, a Hawallan range grass, can bes stimulated to :
increased rate of germination by a treatment of thioeyanate,
potassiws or potassium nitrate., Potassium nitrate breaks
dormancy te some extent in Apropyrog gmithii (western
vheatgrass), but 1t will not overeome the adverse effect of
light. If these sesds are soaked in an ethylene cholor-
phydrin solution, increased germination will result regard-
less of light conditions (29). Two ways of breaking the
dormancy of Trifoliwm {subterranean clover) seeds have been
presented by Ballard (7). Imbibed sseds are treated with
low concentrations of sarbon dloxlde or with activated car-

bons. The activated carbvns apparently do not absordb inhi-
bitora, but they produce carbon dioxide which initiates



germination. Other legumes also are stimulated by carbon
dioxide treatment (59).

Some substances have been discovered in the seed coat
and in berry juice that stimulate germination. The washed
seeds of Pragarie fragrans {strawberry) will not germinate.
If the berry juice is added to the seeds 90 percent germina-
tion results. Many seeds, such as Muntpugia gslsbupa
(a berry of China), are inhibited by their fruit sap (39).

Many compounds have been discovered in the aee§ coat
and/or the embrye that will inhibit germination (46,52).
Kockemann (51) found that the ocompounds thgt inhibit _
germinatipn are! ammonia, hydrocyanic acid, essential oils,
alkaloids, glycosides and an unknown compound called
"blastokilin.” According %o Barton and Solt (11) there are
thro, groups of ehegioal inhibitors in seeds (1) essential
0ils, (2) alkaloids, end (3) gluecosides. PFree ammonia is
also inhibitory but can be washed off easily with water.
Many of these compounds that inhibit germination diffuse
awvay in soil (1h).

Cox (18) reported that there is an inhibitor in the
seed coats of certain varieties of Bragsica {(cabbage). This
inhibitor becomes inactive when the seeds are scaked for
one minute in sulphuric acid and washed with water (18).

An inhiblting substance is present in the scutellum and

endosperm of Zea mays (sorn) that retards growth of coleop-
tile oylinders (36). Borriss (13) noted that when Vaccaris
pyranidata (cow-herb) seeds were planted in soil they grew



well, but they falled to germinate on blotting paper. He
believes that an inhibiting compound in the seed coat 1s
absorbed by the soil. Coumarin was found to be the mosat
sctive inhibitor in Prigonella arabica {a legume) and
ZYgopbyllm dumonum (& member of the Galtrop family).
Lerner (57) showed that meh of the 1nﬁ£b1tion caused by
sxtracts of these seeds is a result of osmotie effects
which are accentuated by the ether soluble inmhibitor. A
sterilization treatment with calecium hypochlorite almost

completaly inhibits the germination of Magnolia scuminata
(magnolia). Akamine {2) showed that poor germination of
Pepnisetum ciliare, a range grass, is due to an inhibitor
in the hull as well as to impermeability of the seed coat.
This inhibiting compound is thermostable but is made in-
active by sulphuric acid. Knowles (50) found that dormeney
of Viburnum trilobum (arrow-wood) is caused by a water-
soluble inhibitor. Two inhibltors are present in the hulls
of Avena fatug which do not affect exchange of gases.
Treatment with carbon dloxide reduces the inhibitor while
lack of oxygen brings about a marked inerease of the in-
hibitors (13).

The dormant seeds of Rhodotypos kerrioldes require an
after-ripening period of about thrsese months at five degrees
centigrade. Better germination results if the temperature
is alternated between one degree and ten degrees centigrade
daily or weekly during the after-ripening period. A high-

er peroentage of germination will take place if the seeds



are mixed in moist peat moss and held at 25 to 30 degrees
centigrade for one month before the after-ripening period
begins. The best production of seedlings results when the
seeds are planted in flats and placed in board-covered cold
frames. If partially after-ripened soodg are placed in a
situstion unfavorable for after-ripening, e sscond dormancy
develops and the seeds then require a second after~ripening
period. Both the embryo and the sesed coat are involved in
dormancy (34).

Analyaie during‘tho artor-r;poning period shows an
increase in catazlase, peroxidase, and lipass activity.
Water nbsorping power increases as well as titrable acid
and sucrose, but the ether-soluble fraction docroasos’(3h).

When the dormant seeds of Rhodotypos are excised, the
seeds will germinate but may fall to grow. ‘Segda that grow
may develop inte "physiological dwarfs" (31,32,3h). Pailure
of growth following germination of dorman? seads may be
overcome by removal of the cotyledona (35,50). Seeds
treated in this way will not develop into "physiologleal
dwarfs" as do embryos with the cotyledons intact.



MATERIALS AND METHODS

Pive lots of Rhe 38 seeds were used

d
in this investigation during the fall, winter and spring
of 1959 and 1960.

Lot 1 (1 year seeds) seemingly produced in the summer
of 1959, waz collected from the shrubs the following fall
(1959). _

Lot 2 (2 year seeds), seemingly produced in the summer
of 1958, and which remained on Whe shrubs throughout the
winter of 1958-19%9, was collected in the spring of 1959.
Theose seoids were stored in open containers at room temper-
ature during the swmer of 1959. Aocording to a atudy
made by Plemion (31), storage under these oconditions will
induce dormancy in R. kerrloldes seeds.

Lot 3 (refrigerated seeds) was taken from lot 2 and
stored in the cold for ayproximately 4 months,

Lot 4 {(shrub seeds), seemingly produced in the surmer
of 1959, and which remained on the shrubs during the
following winter, was col}ected in the spring of 1960.

Int 5 (gr?und seeds), seemingly produced in the
summer of 1959, then fell and remained on the ground
throughout the following winter, was collected in the
apring of 1960.

Certified Avena (oat) seeds were also employed in

10
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these experiments and were supplied by the Bilology Depart-
ment of Western Michigan University.

R, kerripldeg has a drupe-type seed which consists of
a thin exosarp and a hard, stony endocarp s}milar to that )
of plums, cherries and peaches. The embryo, with cotyledons,
is surrounded by a seed coat referred to by Flemion (3;) as
the inner seed ovat. The inner seed coat heas a fleshy,
white cuticle which forms a milky paste when maserated in
a amall amount of water. The drupe is 7 mm long and averages
9.91 gm per hundred; weight will vary depending on the con-
ditions under which the seeds were stored. The radiel‘ and
hypocotyl average 2.5 mm in length and the cotyledons
average 5 mm in length.

The experimental procedure involved making germination
tegsts on the seeds in six-inch or three-inch petri dishes.
Two filter papers were placed in each dish. Fifteen ml of
distilled water and/or the oxtrgct of macerated seed coats
were used in each six-inch dish, and 5 ml of the same were
used in each three-inch dinh._ Because of the slow elonga-
tion of R. kerrioideg emdbryos, germination was considered
to have talken place when the combined length of the hypo-
cotyl and radicle exceeded 3 mm. Germination counts generally
were made at four, six and eight days. Tests for germina-
tion were made at room temperature and in darkness.

Seed coat extract was prepared rron_lots of 100 seeds.
The thin black exocerp first was removed, macerated in 15

ml of distilled water, and strained. An endocarp extract



was prepared in a similar manner. The hard endocarp of the
geeds was removed by crascking with pliers and splitting the
two halves, taking care not to damage the seeds.

Because of the difficulty encountered in sggarating
the inner seed coat from the embryo of dry sseds, the seeds
were first soaked in diatil}ed water for 2l hours. A szmall
incision with a razor blade, para;lel to and between the
ecotyledons and opposite the hilum, made pasaib}o the separ-
ation of the two halves of the inner seed voat, thus free-~
ing the embryo. The inner seed coats were also macerated
in 15 m) of distilled water, and the extract was used in
germination and elongatlon tests.

In order to determine the inhibiting nature of the
inner seed coat on germination il was necessary to con-
sider several possibilities: the permeability of the inner
seed coat to water; the effect ug high oxygen pressure;
the effect of light; and finally, the effect of various

inner sesd coat extracts.



Measurements of water uptake were ﬁ:ado on B. kerpioldes
sgeds in order to determine the permeadbility of the inner
seed coat. The exvcarp and endocarp were first removed
leaving only the inner seed coat on the embryo. Table 1
shows the results of welghing seedz belfore and after a 24
hour soaking period. Ground seeds (lot 5) weighed more
before soaking and took up less water than any of the other
sesds tested. Shrub seeds {lot 4) took up more water than
the ground seeds. Two year seeds (lot 2) and refrigerated
geeds (19t 3) toeck up the most water and the one year
seeds {lot 1) took up slightly less. This indicates that
permeability of the seed coat increases as the period of
storege increases. This also was shown by Flemion (Bh)._

Although shrub seeds (lot h)_nbgerbed water readily,
they failed to germinate. Lots 1, 2, and 3 also absorbsd
water readily but the germination rate was only I percent.
The ground seeds (lot 5), which were moist when oollected,
took up less water but germinated well. Since all inner
seed coats permitted the passage of water it seems that

impermeability of the inner seed coat is not a fastor in
the germination of R. kerrioides.

13



Table 1.

Water uptake in seeds of R. kerrioides:

lot 1, 1 year dry stored seeds; lot 2, 2 year

dry stored seeds; lot 3, 1 year refrigerated

seeds; lot lj, shrub seeds; lot 5, ground'seeds.

Dry weight
of 100 seeds

Weight after
2L4 hr in H50

Water uptake

Lot 1 2.44 gnm 3.70 gm 1.26 gm
Lot 2 2.26 3.60 1.34
Lot 3 2.25 3.58 1.33
Lot L4 2.65 3.88 1.23
Lot 5 3.35 L4.10
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It was found that while radicles and hypocotyls

elongated faster in darimess, light had no discernible
effect on germination. The gernination rate was only 4 ‘
percent for seeds held in darlmess and seeds held in light,
while that of the controls was 79 percent.

A series of experiments was performed to determine

whether or not incising the inner seed coat would affect
germinaticn., If the inner seed coat were impermeable to
fir inclsing the coat should result in a higher rate of
germination. Exoised shrub seeds {lot B) were used for
the control, but sxcised seeds of any lot could have been
uged. Other tests showed that exoised sesds eof 211 lots
germinated at about 70 percent.

The percent of germination of the control was rmuoh
greater than the experimentals but cutting the inner seed
coat dld result in some imcreased germination (see table 2).
Ground seeds (lot 5), however, germinated well with the
coats intact and ineising the cocats increased germination
only slightly. Bven the cut inner seed coats inhibited
geraination of these ground seeds. When the coats were
complotely ragov0d germination was increased by 20 percent.
This, however, is not sufficient evidence te show that the

inner seed coats of seeds that were on the ground all winter



Table 2. The effect of cutting the inner seed coat upon the germination of R. kerrioides

9T

feeds.
" (1ot 1) (1ot 2) (1ot 3) (1ot Y4) | ‘(1ot 5)
Days| 2 1l year dry seed| 2 year dry seed I year refrig. Shrub seed Ground seed
E Incised| Intact Incised|{Intact [Incised|Intact | Incised|Intact] Incised| Intact
o [
L |25% | L® of 20% 3% % o% 12% o% 16% 16%
6 |Bofk | B 2% 32% 6% 8% L 12% % 20% 16%
12 | 88% | 12% 2% 40% 12% 16% L% u8% o% L8% Lo
| 88% | 12% 3% Le® | 12% 16% e L8% of 60% L6%
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have an inhibiting effect on germination since some of

these aeodg may not havg fallen from the shrubs until

spring and, as a result, would not have been subjected to
after-ripening conditions. In view of this it seems pro-
bable that the inner seed coat may have no inhibiting effect
on seeds that are completely arter-ripéned. This should be
investigated further.

The two year seeds (lot 2) with coats intact showed
& higher percentage of germination than the 1 year Aary
(1ot 1) or the 1 year refrigerated seeds (lot 3). Seem-
ingly the inner seed coat and/or embryo undergoes some
change during storage that modifies i1ts inhibitory effect.
Plemion (3l) points out that many changes take place in
theass seeds during prolonged storage that modifies the
germinating oharacteristics.

None of the shrub seeds (lot ) germinated unless the
inner seed coats were incised. Further experiments revealed
that extract prepared from the coats or*this }ot had very
little effect on germination. It seems, then, that mechan-
ical restraint and a non-after-ripened embryo mey have
been the limiting factors in the germination of these seeds.
Honelor these seeds cracked open as a result of water up-~
take, while two year seeds (lot 2) cracked open readily
following soaking.

These experiments showed that the inner seed soat
had an inhibiting effect on germination in all cases and
this inhibiting effect was not limited to the lack of water



18

or to the lack of air.

The Effect of Oxygen om the Germinmation of R. kerpioides

An attempt was nade to determine the oxygen psrmeabil-
1ty of the inner seed coat. Seeds with either incised or
intact inner seed coats were placed in ;1thor pure oxygen
or in air, 3eeds placed in pure oxygen show no greater
germination than those placed in air (see table 3). In-
creased oxygen pressure did not cause a subsequent increase
in germination in either seeds with incised coats or in
seeds with intact ocoats. In the light of these experiments
it seems that oxygen permeability is not a major faetor

in the germination of these sseds.

Effec c o¢ and Inner Seed Cost

nation of Excised R. kerriol

Extracts prepared from the exocarp, endocarp or inner
seed coats of R. kerrioldes seeds were tested to determine
their effects on germination. The exocarp and endoearp
were first removed from 100 seeds. After the seeds were
sosked in distilled water for 2l hours the inner seed coats
were removed. Extracts were prepared by macerating each of
the above in S ml of distilled water. After maceration the
mixture was allowed to settle for two mimutes and the super-
natant was decanted intc a graduated aylinder. An addition-
al 10 ml of distilled water was mixed with the pulp and the

supernatant was again decanted. Experimentals were placed



Table 3 e

Shrub sseds

Ground seeads

The effect of oxygen upon germination of R. kerrioidas seads.

Days Contro]fe Incised seeds | Intact seeds | Control] Incised seeds | Intact seeds
in alr in oxygen in oxygen in air in oxygen in oxygen
n 12% 127 of 16% 18% 16%
6 12% 16% o% 20% 25% 20%
12 L8% L% o L8% 50% b2k
1 48% L5% o% 60% 62% L8%

Controls are

incised.

===:;==E========L============================:======================================
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in 6 inch petri dishes, 20 seeds per dish in 15 ml of ex-
trast. Controls were placed ;n distilled unter:

The results of the tests, shown in Table 4, indicate
that there i1s no appreciable difference between the rate
of germination of controls and of thos? seeds placed in
exocarp or endoecarp extracts. Howovor,.of the seeds planted
in 15 ml of concentrated inner seed coat extract none

gerninated.

on G inat

The Effect of Various Concentrations of 1 year Inner

Seed GCoat Extract

Figure 1 shows the results of tests made to deter-
mine the effect of different concentrations of inner seed
coat extract on germination of R. kerrioldes. It was ob-
served that while fifteen ml of concentrated inner seed
coat extract from one year dry stored seeds (1ot 1) com-
pletely inhibited germination, concentrations of less than
S ml of extract diluted in 10 ml of water did not suppress
germination. When 5 ml of extract was diluted in 10 ml of
distilled water and used in tests there was a sharp re-
duction in germination. Concentrations greater than this
resulted in almost no germination and seeds that did germi-
nate in these concentrations died within a few days and

emitted an odor of ammonia. Since it seemed possible that
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Table L, The germination of exclsed seeds of R. kerrloides
in undiluted extracts of exocarp, endocarp end inmner

sesd coats.¥®

w
Exocarp | Endocarp | Inner seed
Control | extract extract coat extract
Germination 75% 65% 75% 0%

% All seed coats and seeds are from lot 1.




The effect of the inner seed coat extract from

1 year dry stored seeds (lot 1) on the germina-

Figure 1.
tion
a = 15 ml of
b= 2m of
- U4 ml of
4 - ‘5 ml of
e~ 8ml of

of 1 year ary a?orod gseeds.

distilled water, cuntrol

extract diluted in 13 ml of distilled water
extract diluted in 1l ml of diastilled water
extract diluted in 10 ml of distilled water
extract diluted in 7 ml of distilled water
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bacteria or anzymatic action might be responsible for in-
hibiting germination of seeds in inner seed coat extract,
tests were made using autoclaved extract and ster}le dishes.
Although the results of the tests varied somewhat, there
wag no apparent difference between the ggrminating charaec-
teristics of seeds placed in the autoclaved sxtract or in
the non-autoclaved extract. Pigure 2 shows that a 5 « 10
solution {5 ml of inner ssed coat extrect diluted in 10 ml
of distilled water) of autsclaved extract ceused e sharp
reduction in germination and greater concentrations resulted
in complete inhibition of germination. Similar results
were obtained with non-autoclaved extract and with extracts
that had been centrifuged.

Pigure 2 shows that seeds placed in a 2 - 13 solution
had a higher pore9ntago of germingtion than did the eontrol.
Other experiments, not shoun here, indicated that seeds ‘
might possibly be stimmlated by weak extract concentrations,
whether the extract had been autoclaved or not. Additional
work in this area would be of interest.

An interesting similarity was noted in exclsed seeds
growing in inner seed coat extract and seeds growing with
the inner seed coats incised. If seeds yith incised coats
were held in darkness in distilled water, the portion of
the cotyledong that extended from the slit in the seed aoa?
turned yellow, indicating the presence of protochlorophyll,
but the portiona covered by the seed coat remained white.
Elongation of this protruding portion of the cotyledon was
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Pigure 2. The effect of autoclaved inner seed coat ex-
tract from 1 year dry stored seeds (lot 1)
on the germination of 1 year seeds of
R« kerrioldes. :
15 ml of distilled water, control
2 wl of extract dlluted inm 13 ml of Adlstilled water
¢ = 5 ml of extract diluted in 10 m} of dlatilled water
8 ul of extract diluted in 7 ml of dlstilled water
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wore rapid than the portion whioh was covered by the seed
coat. In many cases the part covered by the eoat falled to
make any growth. The cetyledons of sxuised seeds growing

in inner seed coat extract also remained white and made
little if any growth if they were in contact with the soaked
filter paper even if the extract ooncentratian was weak.

The cotyledons that extended into the air, on tha other hand,
turned yellow and made rapid growth. When sseds were placed
on filter peper in distilled water the cotyledons in con-
tact with the paper tended to become more yellow than the
cotyledons that extended into the air. This ia the oppo-
8ite result that occurred in inner ssed coat extract of any
of the non-after-ripsnci seeds tested.

The young seedlings from non-ghilled R. kerrioides
seeds did not appear to respond phototroplcally or
geotropleally. OGotyledons often tended to grow downward
against the filter paper while the roots e#xtended into the
air. When the seedlings were turned so the cotyledons ex-
tended wpward and the roots downward they often reversed
themselves in a few days. As the roots elongated they be-
came convoluted and showed no apparent gestropic rospanse:
The plumule always showed a positive phototropie response,
however, regardless of the position of the cotyledoms. It
is not known if seedlings from non-chilled seeds exhibit
the same growbth habits when planted in smoil.



The Effect of 2 Year Extract

Extract prepared from the inner seed coats of 2 yesar
seeds (lot 2) caused less inhibition of germination (see
Table 5) than the extract from 1 year seeds (lot 1). In
similar concentrations of 1 year extract no germination
took place. Seeds placed in 15 ml of undiluted extract
of either 2 year (lot 2) or 1 year (lot 1) inner seed
ocoats faliled to germinate. The cotyledons of thes? seeds
in contact with the filter paper falled to enlarge, and
they did not turn yellow in darimess as did cotyledons
that were not in contact with the soaked paper.

The Effect of Extract from Refrigerated Seeds

The extract from the inner seed coats of seeds that
were held at a temperature of O to 5 degrees contigrade
for a i month period inhibited germination less then ex-
tract from 1 or 2 year seeds {lots 1 and 2). Table 6
shows that both 1 year dry stored seeds and refrigerated
seeds will germinate in the undiluted extract of refrigerated
seeds. When these seeds are placed in a 5 - 10 concentra-
tion of this extract no inhibition was noted. Similar con~-
centrations of 1 year seed extract (see Table 5) greatly
inhibited germination. Although the extract grom refrig-
erated seeds had little effect on germination, Table 2
indicates these seeds were not after~ripened sinece only a

snall percent germinated unless the inner seed coats were



Table 5.

The effect of extracts from Iinner seed coats of one and two year

dry stored seeds on germination of excised seeds of R. kerrioidss.

—:————_"—w

2 year inner seed coat 1l year inner seed coat
extract extract
Seeds Control 8 « 7 80l undiluted 8 = 7 sol undiluted
lot 1 80% 62% of o¥ 0%
lot 2 52% u8% 0% o 0%

# 8 ml of extract diluted in 7 ml of distilled watsr

é6c



Table 6.

The effect of inner seed coat extract from one year R. kerrioides

seeds that had been refrigerated dry for four months on the

germination of R. kerrioides seeds.

_——

Control 15 ml inner | 5-10 sol 5<10 sol 15 ml extract
15 ml seed coat fronm 1 year| from refrig.l from 1 year
distilled| extract from| lot 1 seeds| lot 3 seeds | refrig. lot
water lot 1 seeds 3 seeds

Germination 76% 0% 22% 68% Lo%

of lot 1

seeds

Germination 72% of 32% 64% 36%

of lot 3

seeds

M

ot



removed. Flemion (34) shows that R. kerripides must be
stored in a cold and moist situation before after-ripening
oceurs,

Although holding R. kerriloides seeds in the cold
modified the inner seed coat, cold did not have the same
effect on extract that was rofrigoratod-arter it was ob-
tained from non-chilled seeds; §uch extracts greatly in-
bhibit germination. In addition, this inhibition was demon-
strated in Avepa (oats) and Cueumis (cucumber) (see Pigure 3).

The Effect of Extracts on Shrudb Seeds and Ground Seeds

The drupe-type seeds of R. kerrioides are anchored
securely to the receptacle and some seeds remain on Fho
shrubs all winter. Others will drop after leaf fall, how~
ever, and will be found on the ground the following spring.
Those seeds that remain om the ground during the winter
were found to be after-ripened in that they germinated with
the inner seed coats intact and subsequent development of
normal s?edlings followed (see Table 2). As previously
reported, seeds were collected from the shrubs as well as
from the ground and used in tests to determine the effect
of the inner seed coat extracts on germination.

Three inch petri dishes were used to determine the
effects of extracts from ground and shrudb inner seed coats.
Extracts were prepared as previously explained. Preliminary
tests showed that weak concentrations of extracts from

shrub and ground seeds had no observable effect on germination.
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Pigure 3. The effect of undiluted inner seed coat ex-
tract on the germination of oat seeds.

- 5 m) distilled water, control

o »
{

Undiluted extract of shrub sseeds

Undiluted extract of refrigerated seeds

e o
'

Undiluted extract of ground seeds

Undiluted 2 year seed extract

L )
s

Undiluted refrigerated extract
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These teats were made with undiluted extracts. Results are
shown in Table 7. BExcised shrub seeds (in fact all excised
seeds) germinated almost equally well in either distilled
water or the undiluted extract from the 1nner'soed eoa?a
of ground seeds. Elongation of the seedlings, however, was
greater in the distilled water.

Table 7 shows that excised ground seeds did best in
distilled watsr., Germination heres was 90 percent. Ex=-
oised ground seeds in undiluted extract from ground seed
coats showed 76 percent germination. No germination of

ground seeds took place in the extracts from lots 1 and 2.

The Effect of Various Inner Seed Coat Extracts on the

Germination end Elongation of Oats

The tests to determine the effect of the inner seed
coat extract on the germination and elongation of oats
were made wlith undiluted extracts since preliminary tests
showed wealker concentrations had little effect. The oat
seeds were placed in 3 inch petri dishes on 2 sheets of
filter paper soaked with 5 ml of various inner seed coat
extracts. The results of the tests show that the germina-
tion of oats was inhibited by inner seed coat axtracts.
Teat seod}ings elongated at a much slower rate than control
seedlings, but showed no differences in appearances other
than length. The total elongation of controls was 2186 »m
in 6 days while that of experimentals was only 147 mm.

Hone of the test seedlings died and there was no browning



Table 7. The effect of undiluted extracts from Iinner seed coats of
various lots of seeds on the germination of excised shrub

and ground seeds of R. kerrioides,

Control Shrudb Ground lot 1 lot 2
extract extract extract extract

Germination

lot 4 68% I 4 60% 0% oF

(shrub)
seeds

(419

Germination
lot 5 90% 68% 76% 0% 0%
(ground)
seeds
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of the root tips (see Pigure }).

Pigure 3 shows that extract refrigerated at O to 5
degrees centigrade for 1 month produced the greatest in-
hibition of germination. Oat seeds that failed to germi-
nate in the 6 test extracts ompl?yed in this experiment
were taken from the petri dishes, washid and replanted in
distilled water. No germination resulted in any case.

The extract from shrub seeds (lot L) and ground seeds
{lot 5) had less inhibitory effect than any of the other
extracts tested. Refrigerated extract inhibited germlna-

tion and elongation most.
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Pigure 4. The effect of undiluted inner seed coat ex~
tract on the elongation of roots of oat
seedlings.

Control

8hrub extract (lot i)

Ground extract (lot 5)

g »
] ] (]

a e
1

Refrigerated seed extract

2 year extract (lot 1)

e
L]

1 year extract (lot 2)
g - Refrigerated extract
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DISCUSSION

Although work on germination is voluminous, little work
has béen done on th? gormination of Bhodotypos kerrioides
seeds. Plemion (31,32,33,3l) made several studies on the
after-ripening and dormency of R. kerrigides dbut no other
work on the subject has been published. This study is an
attempt to determine the effect ?f the inner seed coat on
the germination of R. ricldes, a problem that has not
been previously investigated.

The dormaney of R. kerrioides cam be broken by a 3
month wet-cold treatment. That the seed coat has something
to do with this dormancy is evidenced by the fact that'
when the seed coat is removed the seeds will germinate, al-
though they develop into “physiologicsl dwerfs™ (31).

Tests showed that the seed coat was not impermeable.
Measurements of water uptake rovealgd that dormant sseda
absordb water at a fairly rapid rate, but permeabllity may
inerease with age as shown by Flemion (34). Two year
seeds took up water slightly faster than 1 year seeds.

Numerous workers have shown that the inability of
oxygen to diffuse through the seed soat often limits gorme
ination. That this ocould be the case with R. kerrioldes
is suggested by the increased rate of germination when

-

inner seed coats are completely removed. However, merely

39
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cutting the seed coats causes no s?gnificant ?ncrease in
rate of germination and 1t appears, therefore, that oxygen
permeability 1z not a limiting factor in the germination
of these seeds. Increased oxygen pressure causes no in-
crease in rate of germination. .

Extract prepared from macerated 1pner seed coats in-
hibit the germination of E. kerriocldes, but if the seeds
are subjected to eold storage before the coats are removed
the inhibiting effect is much less. Cold treatment of the
seeds seemed to be more effective in reducing the inhibiting
effect of the inner sesd coat extract 1f the seeds were
stored under conditions of moistures.

Experimentation with gorminaﬁing seeds suggestsd a
relationship between chlorophyll formation and inner seed
coat extract. When the excised seeds of R. kerrioides _
goerminated in weak concentrations of non-chilled extract,
the cotyledons in contact with the filter paper did not
turn yellow in darikmess as did the cotyledons that extended
above the solution. When the excised seeds were placed in
distilled water the cotyledons in contact with the filter
paper turned deeper yellow than the eotyledons that extended
into the air. Some seedlings in either medium developed
white spots on one or both cotyledons that falled to en-
large as the cotyledons grew. Only the yellow portions of
the cotyledons turmed green in 1light indicating that the
yellow pigment was prochlorophyll. Further investigation

would be of interest.



The young seedlings from non-chilled R. kerrioldes
seeds did not appear to respond phototropically or
geotroplcally. Roots became convoluted and often ex-
tended into the air while the sotyledons grew downward.

3ince tests indicated that permeability or mechan~
ical restraint did not appear to be liﬁiting factors in
the germination of R. kerriocides, the inner seed coats
were macerated in an attempt to determine whether or not
an inhibiting compound was present. When excised R.
Xerricides seeds were planted in oonecntra?ad inner seed
coat extract of one year non-chilled seeds, no germination
took ?lace. Excised seeds dld germinate in weal concentra-
tions, but the rate of germination and elongatlon was less
than the control. The extract from seeds that were re-
frigerated at about 0 degrees contigrade for a 4 month
period had muoch less inhibiting effect on germination.

The oxtrac? from sgeda that after-ripened on the ground
had little, 1if any, orf9ot on germination and elongation
of R. kerrioides, Avens, and Cucumis. All of the seeds of
this lot may not have been after-ripened, however, since
some gseeds probably fell from the shrubs shortly before
the collection was made. S3ince the extrasct from ground
seeds had so little effect on germination, it seems
questionable whether the extract from 100 percent after-
ripened seeds would have any effect on germination. This
poesibility needs to be investigated further.

When inner seed soat extract from non-chilled seeds
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i3 refrigerated at O degrees centigrade for 1 month the
inhibitory effect on germination increasea. During cold
atorage the appearance of the extract changes from milky
to clear. There appears to be no precipitate. The
disappearance of this milky substance might be associated
with the increased 1nhib1ting effect of the extract.

It seenmsa highly probablo. in view of the above work,
that a compound, or compounds, i3 present in nonechilled
inner seed coats that lnhibits germination. During cold
treatment this compound may be degraded. That this astion
is reversible is evidenced by the fact that the undiluted
extract of seeds gathered r?om the bushes in spring ine
hibits germination slightly, dbut when seeds gathered from
bushes are dry stored for several months inhibition of

undiluted extract is great.



SUMMARY

1. Impermeability of the inner seed esoat to water or
alr did not appear to be a limiting factor in the
germination of B. kerrioides.
2. Exposure of the inner seed ecat te light did not
cause inoreased germination in seeds of R. kerricides.
3+ Cutting the immer seed coat resulted in some inocreass
in germination.
h. Eigh oxygen pressure did not ceuse an increased rate
of germination in either inoised or intaet R. kerriocides
seeds.,

5. Bxtracts prepared from the inner seed coats of non-

chilled seeds of R. kerrioides caused inhibition of
gernmination in seeds of R. karrioides, Avena and
Cucumls.

6. Extracts prepared from the inner seed coats of 2
year non-chilled seeds of R. kerrioides caused loss
inhibition of germination than 4id the extract from 1
yoar non-chilled seeds.

7. Refrigerating inuner sesd coat extract after it was
obtalned from non-chilled seeds resulted in increased
irhibition.

8. Extracts prepared from the inner seed soats of R.
korrioides seeds that were refrigerated had little

43



9.

10.

effect on germination.

Bxtracts from the immer seed coata of seeds of R.
kerrioides that remained on the shrubs 1_111 winter
caused little inhibition of germination, but if
theae seeds were stored for seversal months extracts
of the inner seed coat casused great inhidition.
Extraects prepared from the inner seed coats of R.
grrioldes seeds that remained on the ground all

winter had almost no effect on germinatiom.
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