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Peter Andrew Frank
The purpose of this perer is to determine the dormancy and germine-
ation characteristics of the seeds of sixteen species of weedy Crucifers
and to set up the most satisfactory laboratory procedure for germinating
these seeds.
The species of seeds selected for this work included:

1. Arabis glabra (L.) Bernh.
2. Gerbarea vulgaris R. Br.

3. 3Berteroa incana (L.) DC.
4, Brassica arvensis (L.) Ktze.
5. Brassica campestris L.

6. Brassica nigra (L.) Koch.

7. Camelina microcarpa Andrze.

8., Capsella bursa-pastoris (L.) Medic.
9. ZXrysimum cheiranthoides L.
10. Lepidium apetalum Willd.
11, Lepidium campestre (L.) R. Br.
12. Radicula palustris (L.) Moench.
13. Raphanus raphanistrum L.
14, Sisymbrium altissimum L.
15. Sisymbrium officinale (L.) Scop.
16. Thlaspil arvense L.

Vhere the seeds were available, germination tests were made on ma-
ture, immature, and old seeds of each of the species tested. The germ-
ination tests were made in petri dishes on a blotter paper substrate
using two replicates of 100 seeds per replicate. Germination was consid-
ered to have occurred when the cotyledons and radicle emerged from the
seed coat.

The germinating temperatures used in making the tests were: constant
temperatures of 20°C., 25°C.., 30°C. and alternating temperatures of
20°C. and 30°C. Germination tests using the above temperatures were
made both in light and in darkness.

In addition to germinating each of the samples under the above con-
ditions, some samples were given special treatments in an effort to break

their dormancy. These treatments were: a prechill treatment for five
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days at a temperature of 5°C., the use of 0.2 percent solution of
potassium nitrate for moistening the substrate, and treatment of the
seed coats of two samples were removed to determine what effect this
treatment would have on the percent germination.

The mature, immature, and old seed samples were germinated to deter-
mine what differences in the germination characteristics, if any, existed
in seeds differing in age and stage of maturity.

The data obtained show that practically every sample of freshly
harvested seed was in a dormant state and that this dormancy was, in
most cases, lost to some extent as the seeds aged. In a few cases, the
dormency was lost entirely.

The temperature condition found most favorable for germination in
most samples, was the alternating temperatures of 20°C. and 3o°c. Many
of the samples showed considerable 1light sensitivity, some samples germ-
inating better in 1light, while otkers germinated better in darkmess.

The 014 seed samples showed considerqbly less sensitivity to tempera-

ture than did the freshly harvested seeds. The light sensitivity appeared
to be as prominent in the o0ld seeds as in the freshly harvested seeds.

In most cases, there were not many differences in the germination char-
acteristics of freshly harvested mature and immature seeds of the same
age.

The potassium nitrate treatment was found, in most cases to promote
germination and in some samples, the dormancy was completely broken.

The sulphuric acid treatment was found difficult to use but did break
the dormancy in two samples of seed. The prechill treatment did not

prove effective in breaking dormancy but did increase the percent germination
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in a number of samples, notably those relatively uneffected by the
potassium nitrate treatment. The two samrles having the seed coats
removed, germinated 100 percent.

Some gsamples did not germinate under any of the conditions used in
this work and some other treatment will have to be found to promote germ-
ination in these.

Tables showing all of the results obtained in these germination

tests and the treatments giving the best results are presented.



GERMINATION AND DORMANCY CHARACTERISTICS OF

SIXTEEN SPECIES OF WEEDY CRUCIFERS

By
FPeter Andrew Frank

A THESIS

Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the requirements

for the degree of

MASTER OF SCIENCE

Department of Botany and Flant Pathology
School of Science and Arts

1952



ACENOWLEDGMENTS

The writer wishes to express his sincere thanks and appreciation
to Dr. G. P. Steinbauer for collecting the materials used and for his
advice and supervision throughout the course of this work.

The writer also expresses his appreciation to Dr. C. L. Gilly for
his help and advice in preparing the manuscript.

He is also indebted to his friends and others for their interest

and helpful suggestions,



INTRODUCTION

REVIEW OF LITERATURE
MATERIALS AND FROCEDURES

EXFERIMENTAL RESULTS

DISCUSSION

SUMMARY AND CONCLUSIONS

LITERATURE CITED

TABLE

OF COWTENTS

Page

12

3



INTRODUCTION

The first requirement in attempting to germinate seeds 1s a know-
ledge of the environmental conditions under which the seeds will success-
fully germinate. That these conditions vary greatly can easily be seen
by attempting to germinate a number of different seed samples under iden-
tical conditions.

Seed germination is for most purposes defined as "the resumption of
growth of an embryo of a seed with the emergence of plumule and radicle
from the seed coat." For the majority of seed plants all that is required
to induce germination is to exrose the seed to what are generally termed
"guitable" conditions of moisture, temperature, and oxygen.

. In plants of the temperate zone, the seeds generally have a period
of dormancy following maturation. Howard (7) observed that more than
75 percent of the species, wild and cultivated, growing around Columbia,
Missouri have a distinct period of dormancy. This dormant period, when
the gseeds will not germinate even though exrosed to conditions usually
suitable for germination, may be due to several factors. Some of the
principal factors inducing dorﬁancy are:

l. immsture embryos,

2. 1impermeable or hard seed coats which restrict the entrance of
oxygen and water to the embryo or are too hard mechanically to
allow emergence of the embryo, and

3. morphologically mature embryos requiring physiological changes

to occur before being capable of germination.
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In addition to the primary.dormancy of seed there 1s also a condition
known as secondary dormency. This type of dormancy occurs when germin-
able seeds are exposed to certain external conditions which throw them
into dormancy.

It has been demonstrated by many investigators that by certain
treatments, the causes of primary and secondary dormancy may be com-
pletely removed allowing the seed to germinate. Included in these treat-
ments are: exposure to optimum liéht and temperature conditions, scari-
fication, and the application of various chemicals.

Though the underlying causes of germination and dormancy are not
fully understood, much work has been accomplished in recent years. As
is usually the case, the seeds of cultivated plants have been the first
and most widely investigated while the "weedy" species have been largely
neglected. There is no doubt that, in the future, as the need arises
more investigation will be carried on concerning the germination of such
seeds.

With the increased use of herbicides in weed control, there is a
definite need for determining the viability not only of treated weed
seed but also of the seeds produced by herbicide treated plants. Seed
producers may, in the future, object to the practice of considering all
seeds in a seed samrle viable without making an accurate determination
of the viability.

Seed analyses at the present time have very little information on
which to base their ge:minating procedures for weedy seeds. The experi-

ments herein reported have been done with the hope that additional



information, with particular reference to sixteen species of weedy

Cruciferae, may be added to the meager suprly now available.



REVIEN OF LITERATURE

That many seeds require special treatment to promote germination
was recognized as long ago as 1860 when Caspary (8) called attention
to the light sensitivity of some seeds. Since that time, others have
shown that there are a number of other factors capable of influencing
the germination of seeds. Among these are temperature, after-ripening,
scarification, chemicals aprlied externally, and substances contained
in or produced by the seed.

Everson (5) found that most weed seeds would germinate over a wide
range of temperature when after-ripened but only with special treatment
if not after-ripened. This after-ripening was found to be hastened by
special temperature treatment. In the particular kinds of seeds tohtod,
light was not found to bde definitely inhibitive to germination. For
8ix species of Crucifer seeds tested, he found that an alternating tem-
perature of 1500. or 20°C., maintained for 16 hours and 30°C. for eight
hours, was the optimum termperature. All species were germinated in light

and in the special case of gseeds of Brassica kaber L. prechilling for

five days at 2°C. to 10°C. was used to break the dormancy.

Cross (2) also found that an alternating temperature gave the best
results. She used an alternating temperature of 8°C. for six hours, 20°C.
for ten hours, and 30°C. for eight hours. Germinations at the above
temperatures in light on a soil substrate, gave the best results.

Shuck (13) observed that Mustard seeds had a natural tendency to

€0 into a dormant condition. This tendency was most pronounced in
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in Brassica arvensis (L.) Ktze. Freshly harvested Mustard seeds were

very sensitive to high temperatures. Prechilling at 6°C. for three to
five days was often required before germination would take place. Seed
which germinated at 20°C. in light, often reverted to the dormant con-
dition when put in darkness. A 0.2 percent solution of potassium nitrate
was very effective in promoting germination at temperatures of 15°C. to
20°C. in 1ight but sometimes had an inhibitory effect at temperatures
of 25°C. to 30°C. Not all of the lots of fresh seed gave good germina-
tion results at the same temperature. The length of prechilling time
also affected the results when the seeds were later exposed to a higher
temperature. When seeds were prechilled for too long a period they did
not germinate well, but this could_be overcome by the use of an alternat-
ing temperature. Mustard seeds genérally germinated more readily follow-
ing dry storage but occasionally reverted to the dormant state under
such conditions. Reversion of seed to the dormant condition was consid-
ered to be due to the slowing down of the metabolic processes caused by
unfavorable temperature, light, or moisture conditions.

In germinating seeds of herb and drug plants (6), lizht and potassium

nitrate solution were needed to break the dormancy of Lepidium sativum L.

and Barbarea verna (Mill.) Asch. The former germinated best at a constant
temperature of 1500., while the latter éerminated better at an alternat-
ing temperature of 20°C. and 30°C.

A considerable number of cultivated species of Brassica were germ-
inated by a number of investigators to determine the proper laboratory

procodure‘and in practically every case an alternating temperature of



20°C. and 30°C. gave the best results (12,16). Dormant samples of
cultivated Mustard were easily made germinable by treating them with a
potassium nitrate solution.

Dormancy in Mustard seeds and the majority of other seeds were con-
sidered by Thornton (15) to be due to the impermeability of the seed
coats to gases. Cardon dioxide and possibly other inhibiting substances
were believed to be prevented from escaping and oxygen prevented from
entering. If the seed coats were removed, the toxic substances escaped
and the oxygen supply to the embryo was increased and resulted in the
germination of the excised embryos. Temperature was considered to be
very important in promoting dormancy. For each rise in temperature,
the rate of respiration increased with a greater release of carbon di-
oxide and a greater need for oxygen. When the temperature reached a
sufficiently high value, the seeds were thrown into dormancy.

Kidd and West (10) found that dormancy could be induced in Brassica
alba (L.) Boiss. by increasing the carbon dioxide pressure. The percent
of carbon dioxide required varied with the temperature and the supply
of oxygen. At 3°C., two to four percent carbon dioxide was sufficient
to induce dormancy. Dormant emdbryos which were removed from the seed
coats were found much more sensitive to germinating conditions but still
remained dormant for varying lengths of time.

Kidd and West (11) also found only two methods were successful in
germinating seeds of Brassica alba that had been forced into dormancy
by carbon dioxide. One method was by redrying the seed and the second
method was by removing the seed coats. Green ripe, yellow ripe, and

dry ripe seeds were all found to germinate readily when the seed coats
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were removed. The green ripe seeds were found to be the most difficult
to germinate with the seed coats intact since they had the most imperme-
able seed coats.

An inhibitor was found by Cox, Munger, and Smith (1) to be present

in the seed coats of certain varieties of Brassica oleracea L. Freshly
harvested‘seed was after-ripened for five days at ¥c. Following this,
the seed coats of one lot were removed, one lot was left with the seed
coats intact, and one lot had the seed coat slit to expose the radicle
and cotyledons. All lots were germinated at 3000. in darkmess. There
was no difference in the germination results of the control lot and the
lot with the seed coats slit. The excised embryos germinated immediately
with a much higher percent germination than the other two lots. The
average rate of growth was greatest for the lot having the seed coats
removed. Treating the seed coats with cold concentrated sulphuric acid
was found to be effective in promoting germination of these dormant seeds.
It was believed that the acid broke up many of the cells containing the
inhibiting substance which was subsequently leached away. A water sol-
uble alcohol extract was made from the ground seed coats. The extract
inhibited germination, asvcompared to the controls, for five days. At
the end of 12 days, however, germination of the extract treated seed

exceeded the germination of the controls.

An extract was mede from the seeds of Raphanus sativus L. by Ivan-
ovics and Horvath (9). This extract, called Raphanin, was found to be
highly active in preventing the germination of many seeds, including
Brassica oleracea and Sinapis alba L. at a dilution of 1 : 1000. The

germination of radish sseds was unaffected by this extract.
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Evenari, Konis, and Ullmann (4) have shown that the essential oils
extracted from the ¥alves of Mustard fruits inhibited germination of
Mustard seeds and the seeds of other plants. This inhibitor was found
to be effective whether in contact with the seeds or not. Much the same
was found to be true of other chemicals extracted from other plants.
Volatile products produced by germinating radish seeds were found
to be sufficiently toxic to kill potato plants when both were enclosed
in the same chamber (3). Evenari, Konis, and Ullmann (4) suggest that
the function of these inhibiting substances is to prevent the premature
germination of seeds enclosed in their fruit and to prevent th§ germin-

ation of seeds of other plants nearby.



MATERIALS AND FROCEDURES

The various species of seed tested in this work were collected
during the summer of 1951. All of the species were found in the vicin-

ity of East Lansing, Michigan, with the exception of Raphanus raphanis-

trum L. and Brassica campestris L. which were supplied by Dr. F. H.
Steinmets, Head of the Department of Botany and Entomology, University
of Maine, Orono, Maine. Since samples of both mature and immature seeds
were needed, the harvest period was necessarily extended over a period
of several weeks with samples being harvested as they reached the desired
stage of maturity.

The purpose in collecting samples of both mature and immature seed
was to determine, if possible, whether differences existed between the
dormancy and germination characteristics of the two types of seed. Sam-
ples of old seed, the majority of which had been harvested the preceding
year, were germinated and used as a further comparison.

All germination tests were made using petri dishes with blotter
paper as a substrate. Moisture was profided by wetting the substrate
with distilled water. To provide the desired temperatures, thermostati-
cally controlled germinatorse were used. Continuous light was provided
by installing incandescent 1ights outside the glass doors of the germin-
ators and the amount of 1ight used was six foot-candles. The seed sam-
Ples which were to be germinated in darkness were placed in light tight
coffee containers lined with moist blotter paper.

The first germination tests of each species were made shortly after

harvest. In all, four germination tests were made on the majority of
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specles. The second germination tests were made approximately two months
after the first and the third germination tests were made approximately
two months following the second. The last germination tests were made
when most of the samples had been harvested for a period of thiry weeks.
These series of germination tests were made in an attempt to deter-
minet
1. the degree of dormancy of the freshly harvested seed,
2. the length of time reqﬁired to lose this dormancy, if lost at
all, and
3. the germinating conditions most effective in breaking the dor-
mancy and promoting germination.
The different germination conditions used were:
1. a constant temperature of 20°C. in light and darkmess,
2. a constant temperature of 25°C. in light and darkmess,
3. a constant temperature of 30 C. in 1light and darkness, and
4, an alternating temperature of 20°C. for 16 hours and 30°C. for
8 hours, in light and in darkness.
The first germination tests of the freshly harvested seeds were allowed
to germinate for a period of 10 days. Later germinations of the freshly
harvested seeds and the o0ld seeds were made for a period of one week,
A number of other treatments were used on various species to deter-
mine thelr effectiveness in promoting germination. Among these were:
1. the use of a 0.2 percent solution of potassium nitrate in place
of distilled water for moistening the substrate,
2. treating the seed coats with concentrated sulphuric acid,
3. prechilling the seeds for five days at 5°C., and

4, removal and cracking of the seed coats.



11

All germination tests, except those requiring either removal or
cracking of the seed coats, were made using two replicates of 100 seeds
each. Germination in all cases was considered to have occurred when the

radicle and cotyledons emerged from the seed coat.



EXPERIMENTAL RESULTS

Germination of Arabis glabra (L.) Bernh.

Mature and immature seeds of Arabis glabra (L.) Bernh. were not

available and only one germination test of the mature seed was possible.

From the results of this germination test, it was apparent that these

seeds were less dormant that were the seeds of the majority of the other

species at a comparable age (Table 1). The seeds germinated in light

gave the best results indicating that they were light sensitive to a

TABLE 1

THE RESULTS OF GERMINATING MATURE
SEED OF ARABIS GLAEBRA

Percent
Germinating Germination
Conditions Age of mature
seed in weoks*
24
20°C. Light 97
20°C. Dark 87
25°C. Light 98
25°C. Dark 89
30°C. Light 3
30°C. Dark 0
20-30°C. Light 99
20-30°C. Dark 98

* AZe of seed from date of harvest
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certain extent. The high temperature was quite inhibitory resulting
in O percent germination in darkmess and 31 percent germination in

“1light. Light sensitivity appeared to be lost when the seeds were germ-
inated using an alternating temperature. Best results were obtained

by the use of alternating temperatures of 20°C. and 30°C. and light.

Geruination of Barbarea wvulgaris R. Br.

The seeds of Barbarea vulgaris R. Br., both mature and immature,

were quite dormant shortly after harvest. Thig dormancy was lost to
some extent as the seeds aged but satisfactory germination under most

conditions was not obtained even at the last germination (Table 2).

TABLE 2

THE RESULTS OF GERMINATING MATURE, IMMATURE,
AND OLD SEED OF BARBAREA VULGARIS R. Br.

Germinating Percent Germination
Conditions Age of mature Age of immature 014
seed in weeks* seed in weeks* peed

1 10 17 29 6 14 22 34

20°C. Light 2 ] 45 47 11 51 32 54 42
20°C. Dark 0 51 68 U2 0 5 3% 17| 36
25°C. Light 1 32 5 70 5 63 68 719] 10
2500. Dark (v} 19 51 51 1l 11 39 21} 69
300C. Light 3 58 59 8l 19 60 75 79] 12
30°C. Dark 0 22 54 66 0 5 33 k| 78
20-30°C. Light |56 77 90 93 79 84 82 83| 717
- 20-30°C. Dark 1 31 67 75 12 5 713 N1

* Age of seed from date of harvest
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Both the mature and immature seeds were light sensitive. The mature
seed gave slightly better germination than the immature seed with the
highest percent germination 1n.both samples being obtained using the
alternating temperatures of 20°C. and 30°C. in light. The old seed ap-
peared to have lost all or most of the sensitivity to light and the best
results were obtained by germinating them at a temperature of 30°C. in

darkness. Everson (5) aleo found that germinating Barbarea wulgaris in

light at an alternating temperature gave the best results.

Germination of Berteroa incana (L.) DC.

411 samples of freshly harvested seed of Berteroa incana (L.) DC.

were quite dormant (Table 3). Much of this dormancy was lost as the seed

TABLE 3

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF BERTEROA INCANA (L.) DC.

Germinating Percent Germination
Age of mature Age of immature| 0l1l4
Conditions seed in weeks* seed in weeks* seed
2 10 18 29 3 11 - 19 30 )
20°%. Light | 12 35 39 54 16 32 33 59] 53
20°C. Dark 12 50 76 66 11 8 62 61 58

25°C. Light 11 39 53 80 5 - 27 31 63] 62

25°C. Dark 17 4o 84y 78 16 30 55 67 65

30°C. Light 4 36 87 88 1 13 26 o4

30°C. Dark 5 62 85 76 o 14 27 41

20-30%C. Light | 18 51 66 87 11 23 74

20-30°C. Dark 21 42 80 82 14 39 4 70
% Age of seed from date of harvest

VRN B B
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aged. Lightv sensitivity did not appear to be an important factor in
germinating seeds of this species. The mature seed in most cases gave
higher 'recnlts than the immature seed, while the 0ld seed gave the low-
est germination. The conditions resulting in the highest germination
of the mature seeds were a constant temperature of 30°C. and light, while

the immature seed germinated slightly better in darkness as the alter-

nating temperatures. It is interesting to note that in Berteroa incana,
as in a number of other species, the seeds germinated better in darkness

at the lower temperatures and better in 1light at the higher temperature.

Germination of Brassica arvensis (L.) Ktze.

Seeds of the species Brassica arvensis(L.) Ktze. show almost com-

Plete dormancy when germinated shortly after harvest (Table 4). Light

TABLE 4

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF BRASSICA ARVENSIS (L.) Ktze.

Germinating Percent Germination
Age of mature Age of immature 014
Conditions seed in weeks* seed in weeks* | seed
0] 8 15 28 4 12 19 3
200C. Light b 2 6 36 13 10 9 31 60
20°C. Dark 1 10 13 3l 7 20 3 20 4l
250C. Light 1 2 14 26 9 13 8 28 37
25°C. Dark 1 2 412 2 5 5 10| a4
30°C. Light 1 2 13 23 3 5 2 17 22
30°C. Dark 1 0 2 10 0 1 0 0 7
20-300C. Light 2 2 23 56 18 25 10 36 67
20-30°C. Dark 5 7 30 52 9 6 4 14 52

% Age of seed from date of harvest
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sensitivity is of considerable importance, being found in the o0ld seeds
as well as the more recently harvested seeds. Some of the dormancy was
lost as the seeds aged and no great difference in the dormancy of the
mature and immature seeds was found. The most favorable conditions for
germination in all -the samples were the alternating temperatures of 2000.
and }0°G. and light. The above cﬁnditiona were found to give the best

results in germinating a number of other specles of Brassica.

Germination of Brassica campestris L.

The seeds of Brassica campestris L., in contrast to many species of

Brassica, show a definite inhibition of germination in light (Figure 1).
This is especially true of the mature seeds. The freshly harvested imma-
ture seeds germinated better in light but as the seed aged the germina-
tion results in darkness were definitely better (Table 5). The degree

TABLE 5

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF BRASSICA CAMFESTRIS L.

Germinating Percent Germination
Age of mature Age of immature 01d
Conditions seed in weeks®* seed in weeks* seed
3 1 2l 5 23
20°C. Light 11 7 27 y2 20 2
20°C. Dark 75 6% g8 Y4 58 22
25°C. Light 53 21 62 y2 23 14
25°C. Dark 95 81 94 34 43 Ul
30°C. Light 60 65 90 [ 22 35
30°C. Dark 97 97 97 34 47 43
20-30°C. Light 45 o7 83 60 ol 4o
20-30°C. Dark 98 100 100 50 81 57

* Age of seaed from date of harvest
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of dormancy in freshly harvested immature seeds is considerably higher
than in the mature seed and is quite dormant, especially at the lower
temperatures. Seeds germinated in darkmess with the alternating temper-

atures of 20°C. and 3000. gave the best results for all of the samples.

Germination of Brassica nigra (L.) Koch.

Seeds of mature and immature Brassica nigra (L.) Koch. are highly
dormant when freshly harvested. The 1m;aturo sample lost but little of
its dormancy after aging thirty weeks. No temperature or light treat-
ment used was particularly effective in breaking the dormancy of either
the mature or immature seeds (Table 6). Mature seeds lost some of their
dormancy on aging. At the low temperature the results were better when

the mature seeds were germinated in darkness but as the temperature

TABLE 6

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF BRASSICA NIGRA (L.) Koch.

Germinating Percent Germination
Age of mature Age of immature 014
Conditions seed in weeks® seed in weeks* _seed
5 8 15 28 3 10 18 30
20°C. Light 0 5 19 18 0 y 3 4| 82
20°C. Dark 0 12 32 24 0 1 2 | 73
25°C. Light o 5 17 3l 0 y o 4 84
25°C. Dark 0 8 16 10 o] 0 l o) 7
30°C. Light 0 2 12 37 0 o 0 1 84
30°C. Dark 0] 0 5 11 0 0] o] 0 58
20-30°C. Light 0 18 47 36 1 11 Y 7 84
20-30°C. Dark 0 1 53 36 0 8 3 4 T4

* Age of seed from date of harvest
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increased the seeds germinated better in light. The old seeds germinated
well at all temperatures with the best results being obtained with the

use of light.

Germination of Camelina microcarpa Andrz.

Seeds of Csmelina microcarpa Andrz. were both temperature and light

sensitive. The seeds of both mature and immature samples were very dor-
mant when freshiy harvested and remained in this condition, under all

the germinating conditions used, for approximately twenty weeks (Table 7).
Best germination was obtained in all three samples when germinated at a
constant temperature of 2o°c. in darkness and at 20°C. and 30°C. alter-
nating temperatures in darkness. The high constant temperature of 30°C.
completely inhibited the germination of the mature and immature seeds

and reduced considerably the germination of the old seeds.

TABLE 7

THE RESULTS OF GERMINATING MATURE, IMATURE
AND OLD SEED OF CAMELINA MICROCARPA Andrz.

Germinating Percent Germination
Age of mature Age of immature 014
Conditions seed in weeks* seed in weeks* seed

2 12 18 30 4 13 20 3

20°9C. Light 0 0 5 U2 0 9 5 25| 67
20°C. Dark 0 1 12 82 2 g 32 4| 96
25°C. Light 0 0 3 36 1 1 0 2 66
25°C. Dark 0 0 1 52 1 0 1 41 9
30°C. Light 0 1 0 0 0 0 0 0 66
30°C. Dark 0 0 0 1 0 0 0 0 64
20-30°C. Light 0 0 4 40 1 1 8 18 83
20-30°C. Dark 0 0 4o 83 1 1 U 55 92

* Age of seed from date of harvest
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Germination of Capsella bursa-pastoris (L.) Medic.

Seeds of Capsella bursa-passtoris (L.) Medic., like the majority

of the other species, were very dormant when freshly harvested and but
little of the dormancy was lost as the seeds aged (Table 8). Differences
in the germination results of the mature and immature seeds were very
8light. Germination was slightly better in darkness, especially at the
alternating temperatures of 20°C. and 30°C. The old seeds did not germ-
inate under any of the conditions used and may possibly have lost their

viability due to age.

TABLE 8

THE RESULTS OF GERMINATING MATURE, IMMATURE AND
OLD SEED OF CAPSELLA BURSA-PASTORIS (L.) Medic.

Germinating Percent Germination
Age of mature Age of immature 014
Conditions seed in weeks® seed in weeks* .| seed

1 15 22 33 3 11 18 31

20°C. Light 0 0 0 0 1 5 3 L 0
20°C. Dark 2 2 19 2 0 Yy 1 8 0
25°C. Light ] 2 3 L 0 2 1 6 0
25°C. Dark 0 2 15 1 0 1 8 8 0
30°C. Light 0 2 3 6 0 1 3 5 0
30°C. Dark 0 2 12 2 0 1 6 2 0
20-30°C. Light 0 2 L 4 0 1 6 22 0
20-30°C. Dark 2 22 u8 9 0 7 4 35 )

* Age of seed from date of harvest
Germination of Erysimum cheiranthoides L.

Brysimum cheiranthoides L. is a very good example of the effect of

an alternating temperature in promoting germination (Table 9, Figure 2).



21
The mature and immature seeds showed the usual dormancy of freshly har-
vested seeds (Figure 2, 3). The immature seeds showed slightly less
dor_mancy than the mature secds at all times. Germination was promoted
only by the use of the 20°C, and 30°C. alternating temperatures, with the
results being slightly improved by germinating the seeds in light. The
0ld seed germinated poorly at the low temperatures and increased germin-
ation resulted with an increase in temperature. The best germination
of 0ld seed, however, was obtained when the seeds were germinated in
darkness using the 20°C. and 30°C. alternating temperatures. The above
results agreed well with those obtained by Steinbauer (14) in his work

on germinaf;ing this species.

TABLE 9

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF ERYSIMUM CHEIRANTHOIDES L.

Germinating Percent ermination
Age of mature Age of immature 014
Conditione seed in weeks* seed in weeks® seed

, 1 9 16 29 1 10 17 30

20°C. Light 2 1 1 2 4 8 10 27 13
20°C. Dark 1 0 0 1 1 13 1 gl 10
259C. Light y 2 1 2 11 17 7 11 53
25°C. Dark 0 1 0 0 8 " g| &2
30°C. Light 8 3 2 L 3 16 g8 14| 78
30°C. Dark 1 1 1 1 3 3 3] 83
20-30°C. Light 4 14y 22 9 5 76 90 94| 90
20-30°C. Dark 2 24 20 a1 58 &1 80 94| 96

* Age of seed from date of harvest
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Germination of Lepidium apetalum Willd.

Both mature and immature samples of Lepidium agefalum ¥illd. were
very dormant when freshly harvested and remained much the same way after
aging for 33 and 30 weeks respectively (Table 10). The poor germination
obtained under all of the temperature and light treatment indicates that
some other means must be found to promote.tho germination of seeds of

this species. 01d seeds of Lepidium apetalum were not available for test-

ing with the more recently harvested samples.

TABLE 10

THE RESULTS OF GERMINATING MATURE AND IMMATURE
SEED OF LEPIDIUM AFETALUM Willd.

Germinating Percent Germination
Aze of mature Agze of immature
Conditions seed in weeks* seed in weeks*
) 14 22 33 4 12 30
20°C. Light o] 0 1 5 1 0 1
20°C. Dark 0 2 7 18 0 0 6
259C. Light 0] 1 1 1 1 1 0
259C. Dark 0 0 0 1 o] 0 0
300C. Light 0 0 0 0 0 0 0
30°C. Dark 0 o] 0 ) 0 o 0
20-30°C. Light 0 0 0 0 0 1l 0
20-30°C. Dark 0 0 1 4 0 1 2

* age of seed from date of harvest

Germination of Lepidium campestre (L.) R. Br.

From the results shown in Table 11, it can be seen that the mature

seeds of Lepidium campestre (L.) R. Br. lost the major part of their in-

itial dormancy at the age of eleven weeks. At the age of 28 weeks nearly
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100 pefcent germination was obtained under all of the germinating condi-
tions with the exception of the constant 3000. temperature.

The imuature seed lost very little of its dormancy with the result
that very poor germination was obtained under all of the germinating con-
ditions even at the age of thirty weeks.

The 014 seeds, in contrast to the freshly harvested seeds, were to
a considerable extent, light sensitive under all of the germinating con-
ditions indicating that light sensitivity was acquired as the seeds be-
came more aged. There also appeared to be some change in temperature
requirements as the seeds became older. The freshly harvested mature
seeds germinated very poorly at the constant temperature of 30°C. while
the old seeds gave the best results when germinated at the }0°C. constant

temperature and the 20°C. and 30°C. alternating temperatures.

TABLE 11

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF LEFIDIUM CAMPESTRE (L.) R. Br.

Germinating Percent Germination
Age of mature Age of immature 0ld
Conditions seed in weeks* seed in weeks* seed

1 11 17 28 3 13 19 30

200C. Light 0O 8 99 96 0 5 7 13 35
20°C. Dark o 17 98 98 0 2 9 12] 27
25°C. Light 0 93 92 98 o 5 8 9 y2
25°C. Dark 0 89 94 96 0 3 4 7 22
30°C. Light 0 2 1 0 4 5 8 50
30°C. Dark 0 1 2 60 0 1 0 3
20-30°C. Light 3 94 98 98 2 3 11 19| 50
20-30°C. Dark o 87 98 97 0 b g8 10| 26

* Age of seed from date of harvest



Germination of Radicula pealustris (L.) Moench.

The high degree of dormancy and its persistance when seeds of

Radicula pelustris (L.) Moench. were germinated under the conditions

used in thie work indicates that seeds of this species must be treated
in some other manner to secure successful germination (Table 12). The
only germination procedure which resulted in more than one percent was
that made on the immature seed which had aged 32 weeks and was germin-

ated using the alternating temperatures in light.

TABLE 12

THEE RESULTS OF GERMINATING MATURE AND IMMATURE
SEED OF RADICULA PALUSTRIS (L.) Moench.

Germinating Percent Germination
Age of mature Age of immature
Conditions seed in weeks* seed in weeks*
3 6 18 32 3 6 18 32
20°C. Light 0 0 ) 1 0 1 0 0
20°C. Dark 0 0 0 0 0 0 0 0
25°C. Light 0 0 0 0 0 0 0 1
25°C. Dark 0 0 0 0 0 0 0 0
30°C. Light 0 1 0 1 1 0 0 )
30°C. Dark 0 0 0 0 0 0 0 0
20-30°C. Light 0 0 1 1 1 1 1 9
20-30°C. Dark 0 0 0 0 0 0 o 1

* Age of seed from date of harvest

Germination of Raphanus raphanistrum L.

Immature and 0ld seed of Raphanus raphanistrum L. were not avail-

able for these germination tests. The mature seed showed the usual dor-

mancy of freshly harvested seeds, some of which was lost as the seeds
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aged (Table 13). The germinations in darkness gave the best results
with the highest germination being obtained when the seeds were germ-

inated using the alternating temperatures.

TABLE 13

THE RESULTS OF GERMINATING MATURE
SEED OF RAFHANUS RAFHANISTRUM L.

Percent
Germinating Germination

Age of mature

Conditions seed in weeks®*
10 14 27
20°C. Light 0 1 4
20°C. Dark b 29
25°C. Light 4 15
25°C. Dark 2 10 26
30°C. Light 2 1 8
30°C. Dark 1 0 9
20-30°C.Light 1 5 23
20-30°C. Dark 7 13 42

* Age of seed from date of harvest

Germination of Sisymbrium altissimum L.

Seeds of the species Sisymbrium altissimum L. are a good example
of the differences found in the germinating characteristics of seeds of
different ages and stages of maturity (Table 14).

The freshly harvested seeds showed the usual dormancy and the loss
of this dormancy as the seeds aged (Figure 4, 5). The mature seed germ-
inated better in darkness at the lowest temperature and better in light

at the higher and alternating temperatures. The immature seed gave
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better results when germinated in light at all of the temperatures used
and appeared to be less dormant than the mature seeds when germinated
two weeks after harvest (Figure 5).

The 0ld seed gave almost identical germination results under all
the temperature conditions in darkmness. The germination tests in 1light,
however, resulted in a considerable increase in germination with an in-
crease in temperature. All samples showed considerable light sensitivity.
The conditions most favorable for germinating the mature seeds after
they had aged for thirty weeks were an alternating temperature of ao°c.
and 30°C. and 1ight. The immature seeds germinated equally well at 2500.

in light and at the alternating temperatures in light.

TABLE 14

THE RESULTS OF GERMINATING MATURE, IMMATURE
AND OLD SEED OF SISYMBRIUM ALTISSIMUM L.

Germinating Percent Germination
Age of mature Age of immature 014
Conditions seed in weeks* seed in weeks* seed
2 10 17 30 2 10 17 30
20°C. Light 7 19 51 56 12 33 20 59 13
20°C. Dark 5 33 6] 65 2 1w a2 17| 9
25°C. Light 5 3% o4 b4 20 27 u43 83| 70
25°C. Dark 2 21 55 4y 2 12 20 23| 92
30°C. Light 1 26 41 66 0 29 16 60| 87
30%C. Dark 0 4 3 18 0 2 1 12 92
20-30°C. Light 7 3 K50 T2 > 51 66 84| 63
20-30°C. Dark 2 15 5 W 1 10 13 34| o4

* Age of seed from date of harvest
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~ Germination of Sisymbrium officinale (L.) Scop.

AN

Seeds of the species Sisymbrium officinale (L.) Scope. show the

dormancy of freshly harvested seeds common to most of the other species.
This dormancy is gradually lost to the extent that the percent germina-
tion of mature seeds increased from 4 percent when germinated at 3o°c.

in darkness at the age of one-half week to the high of 62 percent under
the same conditions when the seed had aged for 28 weeks (Table 15). Much
the same was true for the immature seeds. Both the mature and immature
seeds germinated better in darkness at the 2000. and 2500. temperatures

and better in light at the 3000. constant temperature. Best results

TASBLE 15

THE RESULTS OF GERMINATING MATURE, IMMATURE AND
OLD SEED OF SISYMBRIUM OFFICINALE (L.) Scop.

Germinating . Percent Germination
Age of mature Age of jmmature | Ol4
Conditions seed in weeks* seed in weeks* seed
.5 8 16 28 2 10 17 30
20°C. Light 0 1 7 1 1 3 1 4 0
20°C. Dark 1 1 14 21 3 22 16 29 0
259C. Light 1 9 19 25 4 19 9 36 0
25°C. Dark 12 13 22 W 7 20 1 W 0
30°C. Light 6 32 48 61 6 78 37 60 0
30°C. Dark y a1 23 62 1 16 10 33 0
20-30°C. Light 2 4 L 4g 4 15 4 38 0
20-30°C. Dark 2 7 g 23 5 20 17 ke 0

* Age of seed from date of harvest
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were obtained by germinating both samples at the constant temperature

of 30°C. in 1ight. The 0ld seed completely failed to germinate.

Germination of Thlaspi arvense L.

Seed of the species Thlaspl arvense L. are, under most germinating

conditions, almost completely dormant when freshly harvested (Table 16).
All of the samples were light sensitive to some degree. When germ-
inated at the low temperature of 20°C. and the alternating temperatures
of 20°C. and 30°C., the results were better when the seeds were kept in
darkness. Seeds germinated at the constant temperature of 25°C. gave

better results when kept in 1ight. The 0ld seed germinated poorly under

TABLE 16

THE RESULTS OF GERMINATING MATURE, IMYATURE
AND OLD SEED OF THLASPI ARVENSE L.

Germinating Percent Germination
Aze of mature Age of immature 014
Conditions seed in weeks* seed in weeks* sedd
2 13 18 29 4 15 22 33
20°C. Light 1 1 5 2 0 1 2 0 1
20°C. Dark 5 1 25 39 23 1 5 21| o8
25°C. Light 3 7 48 50 1 12 19 29| 17
25°C. Dark 1 Y 17 21 1 l 3 12
30°C. Light 0 0 0 0 2 23 20 1
30°C. Dark 0 0 0 0 0 0 0 2 0
20-30°C. Light 7 8 32 48 2 15 13 42| 12
20-30°C. Dark 18 12 gl Q2 23 11 59 62 27

8 Age of seed from date of harvest



PLATE 1

The Results of Germinating Mature Seeds of Thlaspl arvense L.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1.

2.

30

4,

5.

6.

32 Weeks after Harvest and Treated with KNO

3’
HpSOy,, and Having Seed Coats Removed

Seeds treated with 0.2 percent solution of potassium
nitrate and germinated at a temperature of 25°C. in
light. Result --- 98 percent germination.

Seed coats treated with concentrated sulphuric acid
and germinated at a temperature of 25°C. in light.
Result --- 100 percent germination.

Control, germinated at a temperature of 25°C. in 1light.
Result —~-- 29 percent germination.

Seed coats gemoved and embryos germinated at a temper-
ature of 30 °C. in light for two days. Result =--
80 percent germination.

Sample above after germinating for four days. Result
-== 100 percent germination.

Control, germinated at a temperature of 30°C. in 1ight.
Resul ta--- 13 percent germination.






PLATE 2

Germination of Mature Seeds of Thlaspi arvense L. 32 Weeks After

Harvest Showing the Results of Germinating these Seeds at the
Constant Temperatures of 20°C. and the Alternating Temperatures

of 20°C. and 30°C. in Light and in Darkness.

Fig. 1. Seeds germinated at 20°C. in light, resulting in O per-
cent germination.

Fig. 2. Seeds germinated at 20°C. in darkness, resulting in
89 percent germination.

Fig. 3. Seeds germingted at the alternating temperatures of
20°C. and 30 C. in 1ight and resulting in 56 percent
germination.

Fig. U4. Segds germinated at the alternating temperatures of
20°C. and 30°C. in darkness, resulting in 99 percent
germination.
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all of the conditions. The treatment resulting in the highest percent
germination for all samples was the alternating temperatures of 20°¢.

and 30°C. in light.

Germination Results of Some Species After

Special Treatment to Break Dormancy

A number of the seed samples were given one or more of the three
special treatments to dedermine the effectiveness of these treatments
in breaking dormancy. Table 17 shows the results of these treatments.

Seventeen of the seed samples were treated with the 0.2 percent
solution of potassium nitrate and germinated at 25°C. The percent germ-
ination on eight of these samples was quite high ranging from 84 per-
cent to 100 percent. Three samples germinated between 53 percent and
63 percent while six samples germinated 39 percent or less. Potassium
nitrate was particularly effective in breaking the dormancy of mature

seeds of Thlaspi arvense L. which were highly dormant.

Four of the seed samples were treated with concentrated sulphuric
acid with good results being obtained on two of the samples. The mature

sample of Brassica nigra (L.) Koch. germinated 9% percent and the mature

sample of Thlaspi arvense L. germinated 91 percent. Samples of mature

Raphanus raphanistrum and immature seeds of Sisymbrium altissimum L.
germinated O percent and 36 percent respectively. That these last sam-
Ples germinated poorly, did not mean that the sulphuric acid treatment
would not be effective in promoting germination if the optimum immersion
time were determined. There was some evidence that the seeds had been

injured by the acid which might have accounted for the poor results.
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Prechilling the seed samples for five days at a temperature of 5°C.
was not effective in completely breaking the dormancy in any seed sample
The percent germination was increased to some extent in a number of
samples with the best results being obtained on samples relatively un-

affected by the potassium nitrate treatment.

Treatments Found Most Favorable for Germinating

Some Species of Cruciferae

From the results obtained in germinating the different seed samples
a table was made (Table 18) indicating the germinating conditions and

treatments found to be most effective in germinating these seeds.
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DISCUSSION

From the data, it is seen that a wide variety of results are obtained
when seeds of different species of weedy Crucifers are germinated.

The dormancy found in practically all the freshly harvested seeds
may be due to either one or both of the following reasons: (1) the im-
permeability of the seed coats to gases as suggested by Kidd and West (11);
(2) the presence of inhibiting substances in the seed coats, as was found
to be true of cabbage seeds by Cox, Munger and Smith (1). This dormancy
was lost as the seeds aged but in most cases was lost very slowly being
present in all or in part even after the seed had aged for thirty or more
weeks, The samples of o0ld seed, in most cases, also showed considerable
dormancy, some of which may have been due to dry storage (13).

From the results shown in Table 18, it can be seen that the majority
of the seed samples germinated better at the alternating temperatures of
20°¢C. and 30°C. The constant temperature of 30°C. gave the most unsatis-
factory results and in a number of cases (Table 1, 11, and 16) actually
appeared to induce dormancy in seeds that otherwise germinated well. The

samples of Erysimum cheiranthoides (Table 9) were probably the best ex-

ample of the influence of the proper temperature in promoting germination.
The germination of Lepidium campestre (Table 11) showed very well
what immaturity could have on the germination results. The mature seeds
germinated almost completely under a mumber of the germinating conditions
when the sceds were eleven weeks old. The highest percent germination

of the immature seeds, under any of the treatments, was only 19 percent
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after aging for a period of thirty weeks. The immature seeds were viable
since the germination was 86 percent when treated with a 0.2 percent so-
lution of potassium nitrate at the age of five weeks (Table 17).

In a number of the light sensitive seed samples, it was found that
at the low temperature of 20°C. the seeds germinated better in darkness,
while at the higher temperature the seeds germinated better in light.

The use of a 0.2 percent solution of potassium nitrate was found
to completely bresk the dormancy of a mumber of seed samples and was
effective in increasing the percent germination in others (Table 17).
Shuck (13) found that potassium nitrate was not effectiv; in promoting
germination at temperatures of 25°C. to 3000. and may actually have an
inhibitory effect. This was not found to be true in germinating these
species of seeds with the possible exception of the mature sample of

Lepidium apetalum. There was some evidence that the potassium nitrate

treatment cannot be substituted for light in seeds requiring light for
germination.

Sulphuric acid treatment of the seed coats was found to promote germ-
ination in two of the several samrles tested. Seeds having a seed coat
of considerable thickness were found to be benefitted by this treatment

(Table 17). Thlaspi arvense and Brassica nigra were good examples of

this. The exact immersion time in the acid for seeds having thin seed
coats was of the utmost importance. The interval of time between the

point of beneficial effect and the point of harmful effect to the seeds
was gso short on the thin coated species, that this treatment was diffi-

cult to use.
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The prechill treatment helped to promote germination of a number
of samples of seed but was not effective in completely breaking the
dormancy on any samrle (Table 18). The most noticeable results were
usually found when used on the seed samples not particularly affected
by the potassium nitrate treatment.

The seed coats of two samples of mature seeds, Thlaspi arvense

and Brassica arvensis, were removed and the excised seeds germinated
under the same conditions as the controls. This treatment proved very
effective in promoting germination as both samples of the excised seed

g€erminated 100 percent. Of the controls, that of Thlaspi arvense germ-

inated 13 percent and that of Brassica arvensis germinated 34 percent.




SUMMARY AKD CONCLUSIONS

1. Tho literature pertaining to germination of Cruciferae was
reviewed.

2. Seeds of sixteen weedy species of Cruciferae were collected
for the purpose of determining fhe degree of dormancy of the seeds and
the most satisfactory procedure for laboratory germination. Mature,
immature, and old seed samples yere.germinated to determine if different
treatment was required to germiﬁate seeds at different stages of matur-
ity and age.

3. The temperature treatments used were: constant temperatures
of 20°C., 25°C., 30°C., and alternating temperatures of 20°C. and 30°C.
Each sample was germinated at the above temperatures in light and in
darkness. In addition to the above treatments, some of the samples were
given a prechill treatment for five days at 5°C. before being germinated
and some samples were chemically treated with either a 0.2 percent solu-
tion of potassium nitrate or concentrated sulphuric acid. The seed
coats were removed from two samples and the excised embryos germinated
Each germination test was made using two replicates of 100 seeds each
per replicate. .

4, Freshly harvested seeds of all species, with the exception of

Brassica campestris, were in a highly dormant condition. This dormancy

was lost, to a considerable degree, in most species as the seeds became
more aged. The percent germination of the mature seed was, with few

exceptions, higher than that of the immature seeds.
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5« The temperature treatment resulting in the highest percent
germination in most of the seed samples, was the alternating tempera-
ture of 2000. and 3000. The temperature treatment giving the poorest
results was the constant temperature of 30°C.

6. Light sensitivity was found to occur in most of the seed samples.
Some samples germinated better in light and others germinated better in
darkness. The need for light or darkmess to promote germination appear-
ed to change, in some samples, with the age of the seeds. Freshly har-

vested seeds of Sisymbrium altissimum germinated better in light while

the 014 seeds germinated better in darkmess.

7. Most of the 0ld seed samples showed considerable dormancy, some
of which may have been due to dry storage. The o0ld seed samples, in
general, showed much the same light sensitivity shown by the freshly har-
vested seed samples. The germinating temperature for the 0ld seeds was
in some cases less critical than was found in the freshly harvested seeds.

8. Prechilling for five days at 5 C. did not prove to be too effec—
tive in breaking dormancy.

9. Treating dormant seeds with a 0.2 percent solution of potassium
nitrate proved very effective in breaking the dormancy of most seed
samples.

10, Seeds of the species Thlaspi arvense and Brassica arvensis germ-

inated 100 percent when the seed coats were removed and 13 percent and
29 percent respectively with seed coats intact. These results indicated
that perhaps the cause for the dormancy was due to the impermeable nature

of the seed coats, however, when the sesd coats of Brassica arvensis seeds

were 8lit to expose the embryos, the result was only 34 percent germination.



45

From this, it would seem that some factor other than impermeability of
the seed coats was responsible for the dormancy in these seeds.

11. A number of samples failed to germinate to any extent under any
of the germinating conditions used, even after aging for about thirty
weeks. It is apparent that for these samples some other treatment must
be used to promote successful germination.

12. The treatments found most successful in germinating the differ-

ent seed samples are shown in Table 18.



LITERATURE CITED

1. Cox, L.G., H.M. Munger, and E.A. Smith. A Germination Inhibitor
in the Seed Coats of Certain Varieties of Cabbage. Pl. Fhysiol.
20: 289-234, 1945,

2. Cross, H. Laboratory Germination of Weed Seeds. Proc. Assoc. Off.
Seed Anal. 2U: 125, 1931.

3. Denny, F.E. Leaf Epinasty Tests with Volatile Products from Seed-
lings. Contr. Boyce Thompson Inst. 9: 431-438, 1937-38.

4. ZEvenari, M., E. Konis, and S.B. Ullmann, The Inhibition of Germin-
ation. Chron. of Bot. T7: 149-150, 19u42-43,

5. Zverson, L. Preliminary Studies to Establish Laboraiory Methods
for the Germination of Weed Seed. Proc. Assoc. Off. Seed Anal.
39: 84-89, 1949,

6. Heit, C.E. Laboratory Germination Results with Herb and Drug Seed.
Proc. Assoc. Off. Seed Anal. 33: 58-62, 1948.

7. H&ward, W.L. An Experimental Study of the Rest Period in Plants.
Mo. Agr. Exp. Sta. Res. Bull. 17, 1915.

8. Hutchings, S.S. Light in Relation to the Seed Germination of
Mimulus Ringens. Am. Jour. Bot. 19: 632-643, 1932.

9. Ivanovics, G., and S. Horvath. Raphanin, an Antibiotic Principle
of the Radish (Raphanus sativus). Nature 160: 297-298, 1947.

10. Kidd, F. and C. West. The Controlling Influence of Carbon Dioxide.

11. and - The Role of the Seed-coat in Relation to the
Germination of Imuature Seed. Ann. Bot. 34: 439-LL6, 1930.

12. Lewis, N.G. Dormancy in Cultivated Mustard and the Use of KNO}'
Proc. Assoc. Off. Seed Anal. 34: 17-18, 1942.

13. Shuck, A.L. A Preliminary Report on the Germination of Mustard Seed.
Proc. Assoc. Off. Seed Anal. 28: T4, 1936.

14, Steinbauer, G.P. Unpublished data. Michigan State College 1951.



47

15, Thornton, N.C. Importance of Oxygen Supply in Secondary Dormancy
and its Relation to the Inhibiting Mechanism Regulating Dormancy.
Contr. Boyce Thompson Inst. 13: 487-500, 194345,

16. Thurlimann, L. Germination of Brassicas (Vegetable). Proc. Assoc.
O0ff. Seed Anal. 20: 71-74, 1927.



Jul 1€ "3;
“¥00M USE ONLY




e



1293 02829 7400



