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INTRODUCTION

Although seed dormancy is very common among grasses, the pheno-
‘menon is often difficult to study because dormancy may be lost within
‘a matter of a few months and it is virtually impossible to repeat:an

, "
experiment with a given lot of seed. Beaked,panicum (Panicum.anceps

Michx.) has proved to be useful for such studies since seed lots may
retain dormancy for a matter of several years. The grass has a poten-
- tial value as a soil cover below pond dams.aqd, in wet, water logged
and frequently flooded areas. It has been used very little in seedings
to date because of its extreme dormancy and information on breaking
~dormancy would be of considerable practical value. The studies repor-
ted in this paper were designed to. find practical methods for breaking
dormancy and to learn something about the nature of the physiological

mechanisms involved,



LITERATURE REVIEW

The inability of viable seeds to germinate except under special
environmental conditions is commonly called "dormancy'", although as
Koller et al. (1962) have pointed out 'the significance of this term
is vague and often misleading because of its indiscriminate use and
lack of established criteria." Primary dormancy is that of the ripe
dispersal unit at the time of dispersal or harvest, while secondary
or induced dormancy is that appearing in the mature dispersal unit when
imbibed under conditions unfavorable for germination. Primary dormancy
is of survival value for the species and induced dormancy is important
for survival and longevity of seed (Koller et al. 1962).

Because dormancy has survival value, a wide variety of mechanisms
has evolved and the phenomenon is widespread throughout the Spermato-
phytes from conifers to Compositae and Gramineae. In one class of
seeds, the embryos are immature when the seed is shed and a period of
growth and development must follow before germination is possible.

In some cases, the embryos are small, relatively undifferentiated masses
of cells which must undergo considerable development during after-ripening.
In other cases, the embryos are almost complete but still require a

period of maturation before germination (Crocker and Barton 1957). 1In
other classes of zeeds, the embryos are mature and ready to grow, but
germination is prevented by other means. Some of the more common

mechanism affecting germination of seeds with nondormant embryos are



given below.

1.) Hard or impervious seed coats. The most extreme case on
record of dormancy due to hard seed coats is that of Manchurian lotus
(Nelumbo). The seeds were_collected by Ichiro Ohga in a peat layer
exposed by erosion in the Pulantien valley of South Manchuria. Ohga
germinated several hundred seeds either by filing through the thick
outer shell or by soaking in concentrated sulfuric acid for up to 5
hours. The age of the segds was determined by W. F. Libby (1951) by

the C14

method as 1040 + 210 years. While this is an extreme example,
many species have hard seed coats that prevent imbibitionof water
and/or gas exchange. This method of controlling dormancy is especially
common in the Leguminosae. Mechanical or chemical scarification are
usually effective in breaking dormancy of this kind. This may be done
by piercing with a needle, filing with emerypaper or a steel file, vio-
lent shaking, scratching or abrading the seed coat, or soaking in strong
acids or alkalis.

In some cases, the seed coats do not prevent imbibition of water
but do act as semipermeable membranes preventing exchange of gasses

or other materials required for germination. Examples are Xanthium,

Triticum, Avena, or Hordeum (Crocker and Barton 1957). Increasing the

oxygen pressure in the atmosphere greatly increased the germination at
room temperature of partially after.ripened wheat (Harrington 1923).
Waxy or oily substances in enclosing appendages may play a similar

role, for example in Buchloe dactyloides (Ahring unpublished).

2), Light. The role of light in promoting or preventing germi-

nation is complex and not thoroughly understood. One of these is the



red-far red reaction of phytochrome., The action spectrum of light was
first studied by Evenari and later more intensively by S. B.
Hendricks, H. A. Borthwick and their associates at the Plant Industry
Station, Beltsville, Maryland (Toole et al. 1956, Van der Veen and
Meyer 1959, Koller et al. 1962, and Mohr 1962). In small, light sensi-

tive seeds such as Lactuca and Lepidium, it was found that red light

of 6000-6800 A promotes germination while for far red light of 7000-
7800 A prevents germination. Imbibed seeds can be alternately shifted
from red to far red light and back again any number of times and will
respond according to the last radiation dosage received.

Phytochrome is a soluble chromoprotein in the cytoplasm and can
be isolated in rather pure form. It behaves like an enzyme involved
in a chain of biochemical processes directing the development of the
plant. Since a small dose of radiation is needed to produce a measur-
able effect on the phytochrome system, it is a low energy reaction
and can be illustrated as follows:

Red radiation: Peak ca. 6500 X g

Pr ¢ _7. P
Far red radiation: Peak ca.7500 A

fr

Phytochrome in the P, form absorbs red light and is converted to the
P¢y form. Upon absorbing far red light the Pg, form is changed back
to P.. The quantum efficiency for the conversion of P, to Pfyr is three
times as great as that of Pgy to P, (Mohr 1962).

Py is stable in the dark while Pg¢,. slowly changes back to Pp in
the dark at physiological temperatures and in the presence of oxygen.

In natural, white sunlight, both wave-length zones are present, but the



effect of red light usually predominates over the far red and Pg, domi-
nates in imbibed seeds exposed to sunlight. In seeds inactivatéd.by
~sunlight, the reverse effect takes place and the P, phytochrome predomi-
‘nates, preventing germination. The relative radiant energies required

to produce.a given response in light sensitive seeds is influenced. by

- many factors such.as age of seed, storage conditions, temperatures during
-germination, oxygen supply and other factors (Toole et al. 1956).
Although. the red-far red mechanism has been found to operate in most
light sensitive seeds studied, it is probably not the only mechanism

- involved,

Some seeds show. a photoperiodic response. -Betula pubescens, for

‘example, has 'long day seeds" and seeds of Nemophila insignis .are stimu-

lated by short days (Koller et al. 1962). In some cases, the photo-
periodic response seems to be;confounded by ‘the red-far red reaction,
while in others the seeds behave .as typical long day or short day -plants.

~In Begonia evansiana, for example, germination is obtained at all photo-

“.periods.longer than 12 hours including continuous light, While‘ghéto=
periods shorter than.8 hours.inhibit."Interruption-of the darkfperiods
permits germination even with short photoperiods (Koller et al. 1962).
3)., Temperature. Many seeds respond to a diurnal alternation of
temperatures {Harrington, 1923a; Teshitaro, 19265. The mechanisms. are
far-from being understood,'but,the»phenomenon:is.so general that the
rules for testing many species of agricultural and weed seeds include
.specifications for”alternating temperatures (Assoc, Official Seed Analy-
sis, 1960). Since the specifications were usually developed in temper-

‘ate regions, they generally call for 8 hours of 1ight at 30° Coand 16



hours of dark at 20° C. Other cycles were explored by Ahring (unpub-
lished) for tropical species of grasses. Twelve hour cycles were found
to have no marked advantage over the 8-16 hour cycle, but temperatures
-as low as 20° C,were sometimes detrimental (Ahring and Harlan 1961,
1961a).

High temperature shocks have been used to break dormancy in a

few species (Evans 1952). - Seeds .of Eregrostis trichodes-were found

to respond even to temperatures of 100° C. for 40 minutes (Ahring et

al., 1963)., Drying seeds .at. 45-50° C. for 24 hours was found effective

in breaking dormancy in Dichanthium annulatum (Ahring and Harlan 196la).
One of the commonest methods of breaking~dormahcy, however, is
moist low temperature storage, often called "prechilling'. Storage
temperature is usually about 52 C; and duration of treatment vafies
from.a few days to several months depending on the degree of dormancy.
The mechanisms. are not at all well understood, but studies by Wareing

and Villiers (1961) on Fraxinius excelsior suggest at least one mode

of operation, Fraxinius has ‘dormant:embryos that.must after-ripen.
This can be done at either low temperature or at temperatures suitable
for germination, although the embryos mature more rapidly-at the higher
temperatures. When aftersripening is complete, the seeds still will
not germinate unless chilled for up to 6 months. The dry seeds do not
-contain a growth inhibiter, but after the seeds have imbibed watér for
24 hours, a water soluble inhibitor is produced which effectively pre-
vents germination. Under moist, low temperature storage, growth pro-
moters are gradually preduced and eventually accumulate in sufficient

quantities to overcome the inhibiter. The inhibitor does not. break



down.and is found in approximately constant concentratien throughout
-6 months of prechilling. Apparently the reactions that produce the
-growth promoters are.able to take place, although ver'slowly, at low
temperatures while at temperatures.suitable for germination, the inhi.
bitor is produced more rapidly than the growth promoters. Thigurea
promotes germination of unchilled seeds, but does not. reduce the inhi-
bitor. There may well be other kinds of mechanisms involved in moist
-low temperature storage, but it seems likely that some reactions. are
.able to proceed at lower temperatures than others.and that the pre-
chilling treatments that break dormancy control opposing sets of reac-
‘tions., One set of reactions, whatever it may be, promotes germination,
and the other set prevents germination.

4). Chemical. Dormancy may be broken and germination promoted
by a variety of chemicals added to the substrate. One of the most
~commonly used is KNOg at dilutions of about 0.2%. Ahring et al. 1963

demonstrated that the response in Eragrostis trichodes came from the NO3~

ion and not from the potassium which could actually cause damage to
the seedlings under some conditioms. Calcium-nitrate was just as effec-
tive .and less likely to damage the seedlings. The use of KNO3 is stan-
dard procedure for the germination.of many species. ' The mechanism
involved is not known.

Another class: of germination promoters is-the»gibberellins. 'Gibber-
“ellic acid is most frequently used and is most often effective on light
sensitive seeds. The acid may promote germination-in: the dark or
reduce the light requirement. It may. alter the photoperiodic require-
‘ment and is often most effective in combination with salts like KNO3

(Koller et al, 1962), Kinetin has been found to.reduce light requirements



-and overcome certain kinds of induced dormancy. Several 6-substituted
purines have been found effective. as germipation.promoters.and auxins
- have been. reported as effective.under certain conditions. Thiourea

is another compound effective on a variety of seeds.

Evideﬁce‘of germination inhibitors is widespread, but only . a few
‘chemicals have been incriminated. According to Barton and Solt (1949),
there are three general groups of inhibitors known, essential oils
such as those found in Brassica and Juniperus, alkaleids such as cocaine,
quinine,’ caffeine -.and physostigmine,.and glucosides such as those found
in Amygdalus and Prunus. ' Inhibitors have been extracted but not identi-
-fied in.a wide variety of seedsw(Bartongand~SoIt 1949, Barton 1957,
Koller et al. 1962; Ahring and Harlan 1961, Wareing and Villiers 1961,
Wareing and Foda 1957, etc.). In .some cases the inhibitors can be
leached out, in most cases they break down with time,. and they can
often be removed with the seed appendages. Strong acids, alkalis,

- alcohol and organic solvents have been found effective.in soﬁe cases.

According torCrocker‘and Barton (1957}, factors affecting respira-
tion of seeds are as follows: 1) seed coat, 2) moisture content,

3) temperature, 4) concentration of oxygen .and carbon.dioxide, 5) light,
6) embryo vefsus endosperm -respiration, 7) dormancy, 8) effects of
fungi. and bacteria, 9) chemical composition of the seed.

The changes in.respiration activity of seed during the imitiation
of germination are used gs an indicator -of the metabolism of the seed.
According to Umbereit{l96§) respiration quotients (RQ) éfe defined as
the ratio of COj produced / Oy consumed, and serve to indicate the nature

of the metabolism., However, authorities differ in their opinions on



the value of respiration quotient and in the interpretation of experi-
mental ;esults. Crocker. and Barton (1957) stated "respiraﬁion,quotients
do ‘not necessarily depend upon the principle. food reserve but upon the
substrate being used at a given time, and upon\whetherxoxidationvis
complete," and '"respiration quotient may not give an index of .all the
-oxygen\actually used or.all the carbon dioxide which is releaéedvby the
living tissues for some of either or both of these gasses may be held
in the tissues." Just how many factors affect the relationship of one
‘gas to the other in the exchange characteristic of living tissue is net
‘well knowg. However, respiration quotients might give good inf orma-
tion about the metabolism of the seed, if the experiment could be run

- properly and the respiration. quotients were\measured-accurately.

Seed dormancy in:Panicum. anceps:was-.studied by-Barten.and Gorman

(1946) and Mathews (1947), The removal of seed coats with concentrated
H2804ﬂimprovedugermination»in one seed lot and not in another. Treat-
ments with 71.0% H2S04, 0.2% KNQ3, 35% NaOH, 50% HC1 and 0,025% HgCljp
were ineffective as were.several concentrations of dioxygen.and.ether
water, various temperature treatments -and dry heat.

The literature in the area of seed dormﬁncy is enormous and cannot
. be covered here, but of particular interest to this‘study is. a -series
of papers-on the biochemistry and bioenergetics of low temperature
stratification (Barton and Fine 1938, 1961, and Barton. 1945, 1947)
. published by the Boyce Thompson Institute. The review of germination
- inhibitors by Evenari (1949) is also pertinent. Despite. a great deal
of very good research in the physiology of dormancy. and germination

the mechanisms that promote or prevent germination are very poorly



understoed. The studies conducted in this report were designed .to

.learn something of the.requirements for germination: of Panicum .gnceps

seed.

10



'METHODS AND' MATERIALS

Seed of Panicum anceps Michx. was furnished by Mr. Robert. P.

Lippert, Plant Materials Technician, -Soil Conservation Serivce, Man-
hattan, Kansas. "The.age of the seed;studiedawas: 1) less than one
year, 2) one hut less than two years,gffage,v3)utw0fbut less than
three years of age,.and 4) thrge’butilesé-than four years qf'age. ;

A-Stults Da-lite germinator set for 8 hours. of artifiqial'light
.at 30°“C. and 16 hours of darkness at 200 C. was used tofpfovige the
germinating~environmeq;. " Plastic boxes 2 7/8‘by*2;7/&1by-1 l/é.inches
with 1ids:were-used;as:germinating1conditione;s. ‘The substrate for“
-all boxes was: 6 thicknesses of Kimpak Tissue cut to“equalvsige.and
drawn at random for each box. The molstening.agemt wasrsrmiilileters
of distilled water measureduaccu:ate1y withva.burefte. One box con-
taining 50 seedS’was.consideredzstaﬁ;eXperimental,unit. “Four repli-
‘catlons were used throughout with: one replication of each treatment
on each of four trays in a randomized block~designhﬁithla tray being
- a block. "Except where otherwise noted the germination period was 28
days with counts made.every-seuenﬁdays. |

The following studies were made:

1. Mechanical removal of lemma.and palea. Seeds were rubbed gently

~on, a rub-board, examined under a dissecting microscope and broken or

scarred seeds discarded. Only apparently perfect caryopses-were used.

11
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2. -~ Treatment with concentnated-sodium*hypOCHléridé (household_glorox).

Ten. treatments were used, Table II, After each soaking period, seeds
- were removed and washed under running tap water for.about. 15 minutes

‘before placing on moistened substrate. for germination.

3. Prechill treatment. Seeds were placed in their germinationsboges
with moisfened substrate and then placed inwa refrigerator at approxi-
'mately;5°'ct‘at'vari°us time;intervals_so:tbat all treatments coﬁld be
-removed and germinated simyltaneously, Table III. 'The, accumulative
'effec; of prechillingjwaé-stgdigd»in‘another‘experiment. "There were

- six treatments each totaling ten-wéeks of prechill plus a no prechill
cheqk, Table IV. In one trgétment,’the seed was. prechilled one week,.
germinated‘for'two:weeks; pfechilled-&gain~f6r one week, germinated
for two weeks, returnedgtoaﬁreqhil;, etc. for a togal of ten oﬁeaweeku
“treatments. In-the second treatment, seeds‘wereepfeéhilled fqr';wo

- weeks , germinated_fo:‘twé Qeeks, etcs for;aétotal of five~two;week
prechillings; ‘Threesweek,,ﬁour;week, five-week and: six-week treat-

‘ments were also included as..indicated in Table IV.

 4m -+ Leaching in.runningfwateri:-Seéds were~Leached"infrunning:tap(watér

~fpr 24 and 48 hours to remove~Water'solub1e'inhibitors.

D .‘ReSpiration”quotientsvduringwprechfll.treatments. -Seven Warburg
flasks were used, three for oxygen uptake, three for CO, release, and
. one for-a thermobarometér. Each flask éon;ained‘a-cifcularvpiece of

filter paper in the bottom, 1 ml. of distilled water and % gram of

Panicum anceps seeds (ca. 800)., Lanolin'was used for sealing stopcocks

~and flasks., The experiment was conducted in a cold roomlatia constant
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temperature of 5% C. Four measurements of Q2 uptake and COp release
‘were taken each.week. Since lanolin became solid at 5°© C., the mano-
meters could not be closed and flasks could not be opened. The mano-
‘meters-and the flasks had to be moved to room-temperature for five

- minutes,.allowing the lanolin to soften. and then 1 ml. of fresh 20%

KOH solution was injected into the center wells and side_arms<of the
flasks used for measuring Oy uptake. Next, all seven.stopcocks were
taken- out and manometers\and.flaSKSwwere.returned'td the cold room.
After-an hour to stabilize the temperature, the. stopcocks were replaced,
the measurements were taken, The first:measurement started‘at 3:00 p.m.
and lasted until 5:00 p.m. One reading was'taken>every;20 minutes.
-After the last reading, the‘manométers,wefe left closed until 9:00

a.m. of the following morning when, another seven readings were taken.
Next, the manometers were opened and KOH solution was removed from

‘the flasks. Seeds were germinated as in the other experiments.



RESULTS AND' DISCUSSION

1. Mechanical removal of lemmasiand paleas resulted'in\a striking
increase'in germination, Table I. It is.evident'thatuwe.are not deal-
ing with immature or dormant embryos. 'If dormancy is due to an inhibi-
.tor, it-must be primarily-in the lemma and palea and not in the testa,
endosperm. or embryo.
Mold was.a serious:problem in;the germination of these lots and

may have reduced total germination.

14



TABLE 1

"THE EFFECT OF MECHANICAL REMOVAL OF LEMMA AND- PALEA ON

GERMINATION OF PANICUM ANCEPS SEED

15

. Average Percent Germination

.Age of Seed “Control S aCaryopséS

0-1 year 0 - 56.6

23 yeafi 8.0 50.0
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2. 'Treatment:with-conceﬁtrated sodium hypochloride resulted. in:increas-
‘ing germination almost to the maximum obtained by.any method. Signifi=
cant increases were obtained by three hours, and maximum<résultsiﬁere
obtained in six hours. Having established in the previous'expe;iment
“that .the"lemma and palea are responsible for most.of’the éormancy, the
- question is raised,concerﬁing the effect of a strong oxidiziqgvagent
such. as clorox. 'Did the chemical destroy.an inhibitor? Did it weaken
the lemma: and: palea making-themamere\permeable;torwaterqandhgasses?
»These‘questions were not answered by the experiment, but a quick and
practical .method of breaking dormaﬁcy-was demenstrated..'qun;oqr
recommendétign,'Mr.fLippert,~who_furnished,the~seeds, was able to
obtain\avfield stand for the first time by soeaking beaked pénicum;seeds

-in clorox before seeding.



TABLE 11

THE EFFECT OF COMMERCIAL CLOROX' ON. GERMINATION

OF PANICUM ANCEPS

17

~ Length of iAveﬁage‘Percent]Germination.
“Time in Minutes "~ 0=1 year S ' ;;24year

0 0.5 3.5

.30 - - 10.0

60 _—_ 10.0

90 sam 12,0

-120 S—_ - 14.0

180 26,5 29.0

- 240 28,5 30.0
-~ 300 53.0% 56.9%
360 79, 5% 79.0%
420 58.0% - 64,0%
.-480 - 37.0%

2 21.0%

*Significantly different from control at -5% level.
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3. Prechill treatments were effective in breaking¢dormancy, Table I1I.
The same lot of seed was studied in successive years, and there was a
consistent relationship between age and the degree of dermancy. As
‘might be expected, the fresher seed required longer storage at low
temperature to reach maximum germination. Again questions . are raised
concerning the mechanism. Did the long soaking weaken the lemma and
palea and make them more permeable? Did the treatment destroy.an inhi-
bitor? What kind of biological reaction takes place at 10W‘tempera=
ture and which does:not take place at a temperature suitable for germi-

nation?
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* TABLE III

THE EFFECT OF VARIOUS PRECHILLING TREATMENTS‘ON’GERMINATION
OF A SINGLE LOT OF P. ANCEPS SEED AT

DIFFERENT TIMES" AFTER' HARVEST

Average Percent Germination

Duration of A ‘ Age of Seed
Prechill (weeks) 0=l year .: 1-2'year - 2-3 year.. - 3<4 year

0 0 0 0 7.0
1 0,75 0.5 0.7 0
2 2.20 2.3 1.2 +30.0
3 4,20 4.0 b4a2 - 70.2%
4 7.20 7.2 3.0 ~70.0%
5 24,50 44, 0% . 79.0% 74.,0%
6 42,75% 41,2% 6k, 0% - 86.,0%
7 | 32.00% 57.0% 60.0% 78, 5%
8 51.50% 60. 0% 60.8% ©72.2%
9 65.75% - 72.,0% © 86.0% .

10 65.25%  77.5% S 73.3% -

#*8ignificantly different from control at 5% level,



20

The accumulative prechill study, Table IV, seems to indicate that
for the most part treatments can be interrupted and resumed and the
- seed can "remember" the*previouS'treétments. The interrupﬁeésperiods
.are more or less additive.although ten interrupted one week periocds-is
not as effective in breaking dormancy as some of the othertreatments.
In this-study the 2, 3,: and 4 week initial prechill treatments were
much more: effective than in the previous study. This is attributable
.to.awhigher~degreefof.processing of tlie seed previous to ;he‘experi_

‘ment, but does not alter the general conclusions.



TABLE IV

THE EFFECT OF INTERRUPTED PRECHILL TREATMENTS ON GERMINATION OF PANICUM ANCEPS.SEED

: Average Percent Germination Following
~Number of Prechill Treatments "Each Prechill Perioed* Ave. Total

1 2 3 & 5 6 .7 8 9 10 % Germination

-Nene : - 12,3  coe  com  can eee eme ome  mbe  ees  eew 12.3
-10 for 1 week each 14.0 9.2 20.2 4,2 1.0 .0 0.5 1.0 .0 0 30.1

5 fot -2 weeks each 34.0 - 8.0 21.0 .0 0 62,0
-3 for 3 weeks each plus I for 1 .week 57.7 .8.7 8.0 0 70.2
.2 for 4 weeks -each plus -l for 2 weeks 60.5 7.0 1.5 69.0

2 for 5.weeks each- . 61,0~ 10.5 71.5

-1 fotr-6 weeks plus 1 for 4 weeks 46.7.. 25.2 $71.9

L

*Seed 2-3 years old

12
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4, Leaching in.running water had relatively little effect .on germina-
tion, Table V.  If an inhibitor is involved it would seem to be bound

on else'not very water soluble.



"TABLE V

THE EFFECT OF LEACHING IN RUNNING WATER ON

GERMINATION OF P. ANCEPS SEED

23

AVefagé_Percent*Germination

Treatment : ,

' . Seed 0=1 year old
Control 4.0
Leaching 24 hours 11.2
Leaching 48 hours 10.2
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5. Respiration quotients duringvprechill‘treatnents were~determined_
on. 2+3 year old‘seed.over.a iouweek,peried,uiable VI; hTheqcurves for
09 uptake‘anetcoz_release,are of the same general form as the germi-
nation.curves, Figures'I and iI. Ihe;most;rapid~increase;inrgermination
-eccurred in: the fifth week of prechill and the most:.rapid rise. in 09 |
uptake was also.in the fifth weeh.A“Thewminor:fluctuations inihoth_the
. respiration‘studynand the germinatipn:studygare\probably’not>aignifi_
‘eant. Both methods point;strengly to a subsﬂt'a:n,t_-,ia1;incr-ease:in':meta.‘=
ibolic,activity.fromvthe fifth‘weekrgnwargw Apparently, thebeeedsiare
actively mobilizing_therr.reserveSsef'energy.during=low;temperature
storage_atgabout;this.Fime. |

| it'should be;pqinted\Quttth&tﬁtheaseeésmdid not actually sprout .
during -the ten weeks of treatment, but metabolie:activity»increaeeu
-at the same tine.thatfthe capacrty:for germination 1ncreased.lhobvieusly,
low temperature storage iS’not»required to mobilize the~reserves'of
energy, because this can:be done more- rapldly'at higher temperature
- provided the lemma and, palea are removed or . the seed is treated w1th
clorex. It would,seem -therefore, that'theaphys1010gical reactlons
within .the caryopses .are more .or less temperature independent. The
-question remains: what do the- lemma and palea do  to prevent germina-
tion, and why do,the\lemma.and palea logse@their effectiveness as
- germination inhibitorsVunder-eool,”mei$t~storage?

.The sudden}drop;in the B;Q;-at three Weeka*suggests:that substrates
-other than carbohydrates are being;metaboiiéed.at;that¢time. The h.Q.
close ‘to unity during- the first two}weeks_probahly‘means that;carbohyﬂ‘

drates-only are being metabolized early in the prechill.period. At

!
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three weeks, phe»drop to an R.Q. of 0.60.indicates.that fatty matgrials
are being'convérted:and utilized., This is two weeks before thé‘first
major‘increasefin germina;ion. The;implicationfis that oily orvwaxyy
substances. are being'ﬁrokengdown.forwabout;two weeks before .a sudden
'release~o£ germinability. Since the lemma and palea are clegrly~incrimia‘
‘natéd in: the gontrol of dormancy, it seems likely that some of Fhe.oily
orrwaxyASpbspaﬁces are in the encleosing appendages:. and fhat:aftéf'thése
substances .are sufficiently;brokenvdown:(about‘S-weeksain»prechill)
the»appendagészare-no longer. able to prevent germinétion."Whyjthese
fatty-materials are not metabqli#ed'at:ordinary éermination tempéra,
tures remains to be investigapéd.

An.alternate explanation: is that the fatty'matertals.are~primarily‘
in the embryos and that theyfare being‘converted-iﬁto growth promoting
subsEances~which5are\able.to overcome the effects:of inhibitors. This

-would be in line with the experience of Wareing.and Villiers with

Fraxinius.
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' TABLE VI

THE STUDY OF SEED'RESPIRAEIGN.DURINGJTHE

~ PERIOD' OF TEN ‘WEEKS' PRECHILL

. Prechill . Average Average

Duration © 0y Uptake 'COy Release - Respiratioen
- (weeks) ' - plfhr 4/u1/hr' o ' Quotients
1 week 172 760 0.9
.2 weeks 110.96 10,79 - 0.98

'3 weeks 9496 5,65 0460
" & weeks " 11.84 8494 0.76

5 veeks 18,51 12:08 0.65

6: waeks 21,37 . 115,06 0,70
7 weeks 19,95 15085 0.78

8.veeks ';1.16k: 117,38 | 0492

9 wesks sl 13 . 0.73

10 weeks 19,73 15,74 0.80

*2:3 ye&rgvold seed.
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SUMMARY

Moist storage. at 5° C. was found to.significantly improve germi-

‘nation:.of dormant seeds of Panicum anceps. The optimum'tréatments

were nine and ten weeks prechill at' 5° C. for seeds. up ﬁo three
years . of age~andlabout six weeks prechill for seeds over-three
years old. 'Germination without prechill was essentially zero, while
the best treatments ranged from 65% for"néw~seeds‘to 86% for three
year old seeds,

Presoaking seeds of B.fanceps,inwconcentrated'sodium'hypochloride
was found to be .effective in overCOmingldormangy.‘ Six hours of
treatment was found to be the most effective. This treatment re-
sulted in 79.5% and 79.0% germination for one and two year old
seeds respectively, After soaking.seeds in concentrated sodium
hypochloride for six: hours, the lemma and palea and part of the
seed coat were separated from the caryopses.

Naked caryopses obtained by rubbing. ihtaet“ seéds 'on a rub-

-board gave 56% and 507 germination. for one and two to three year

old seeds‘resﬁectively. High susceptibility to mold affected germi-

‘nation.of the naked caryopses, otherwise a higher percent. germina-

tion might have been obtained. This result suggested that dor-
mancy in seeds of P. anceps is mainly due to some effect of the
lemma and palea.

No increase in germination was found by leaching seeds under

28
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29.

running water for the periods of 24 and 48 hours.

. Prechill effectslén-ggrmination»were;found‘;ofbe.accumulative =

.since .seeds. ~ given  variolls discontinuous . prechill treatments. ..

brought nearly the same total germination. The interruption of

14 days germination at. warm tqmpe:itureuseemedinotyto\affagt:the

~prechillingfeffect.Qn»germination.

- From the results of‘the\study<of‘seedyrespirationgduriﬁg‘;he
. period of ten weeks prechill,-i;‘wis:evtden;:tha; both‘ogygen
-uptake and carbon~dioxide predﬁction¥were»lowlfpr“tﬁe_firsﬁ'three
. weeks, and that;both.of‘thegrincre&sed‘after‘the;fourth‘w;ekgébout
: twg-fold“and«regained1a1most“the;saﬁenafterrthe~six;h weeg.A It

: was fouﬁduthat.the~riée-of-:éspirationwactivity pa;alleled'thg:rise

of germination percentage during the period of tén weeks prechill.

”The«respirationuquotient:wasfclosexto-unity~fpr~;he-first¢two;wqeks

-and there was.a sudden drop at the third week. It remained bet-

ween 0.7 -and Q.B;forlthehrest-af the period of study. ‘TheVR.Q.

' indicated that carbohydrates were metabolised for the first :two
;weeks. and the drop in R.Q..at the third-week suggests that fatty

‘materials were being metabolized from the third week on.
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