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The subject of seed germination is an often investigated and little under-
stood area of plant physiology. It is a reasonably safe assumption that few plant
investigators have never become fascinated by at least one of its many aspects.
A number of experiments were performed during the years 1954 through 1959
in an atcempt to illucidate the germination-regulating mechanisms of giant fox-
tail (Setaria faberii), an annual grass. Most of the experiments are necessarily
of an exploratory nature, but serve to illustrate the control mechanisms which
dictate whether or not, at a given time, a particular sced will germinate and
produce a viable seedling.

INTRODUCTION

Giant foxrail (Setaria faberii Herrm.) is believed o have been introduced
into the United States during the early 1930’s as a contaminant of Chinese mil-
let (8,9). In the less than 30 years since its introduction, giant foxrail has
proven such a successful competitor that it is regarded by many as the most
serious annual weed ever to threaten the farmers of the combelt.

A tecraploid (10), giant foxrail often actains a height of six feer, and oc-
casional specimens exceeding seven feet have been observed in well-fereilized
corn fields. Giant foxtail is a serious competitor of row crops and finds optimal
conditions for growth in tilled soil. Individual plants isolated in fence rows, al-
though seldom growing over three or four fect high, branch profusely and pro-
duce as many as 20 tillers with a total of 30 or more individual panicles (seed
heads). Giant foxtail will persist even when grown in the presence of a dense
stand of alfalfa (13). In addition, depauperate fruiting forms less than three
inches high have been observed where repeated mowing was sought as a means
of preventing seed production (13).
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Gianrt foxtail is a member of the foxtail millets and is a close relative of
Setaria italica, the common or German millet (8). In form, growth habits and
seed structure, it most closely resembles S. viridis, the common green foxtail of
gardens and roadsides. Giant foxtail is usually taller and more robust and can
be easily recognized by the rough pubescent leaves and a conspicuously nodding
panicle.

The spikelet of §. faberii is subtended by an involucre of three to six
bristles (8). Dehiscence is normally above the bristles so they seldom appear in
carefully harvested seed. As in the closely allied genus Panicum, the thin and
papery first glume of Setaria is reduced (about three-fourths the length of the
second glume). The longer second glume and sterile lemma are of like texrure
and the caryopsis is enclosed in a much hardened lemma and palea. The lemma
is roughened with coarse, closely-spaced transverse ridges. The entire spikelet is
about 2.5 to 3 mm long and narrowly elliptic in outline. Color ranges from
dark brown (nearly black) to yellowish green. Since the complete spikelet, in-
cluding glumes and sterile lemma, is the natural dispersal unit of 8. faberii, this
structure will be referred to as the seed (or dispersal unit when it is necessary
to emphasize that experiments involved use of the complete spikeler).

The germination characteristics of giant foxtail were first studied by King
in 1952 (9). His observations with marure seed revealed that germinartion seldom
exceeded 20 to 34 percent. In addition to studying the depth from which seeds
would germinate, he also investigated the conditions under which seed would
germinate in the laboratory. Culturing in association with soil, treatment with
potassium nitrate and sodium thiocyanate, alternating temperatures (21° to 37°C)
and moist storage at 21°C all resulted in increased germination. King (9) sug-
gested that alternate werting and drying of the soil also stimulated germination
by the partial removal of growth inhibiting substances. The presence of germi-
nation inhibitors was indicated from filter paper absorption experiments.

PROCEDURES

Seed depths for emergence.—The first of two experiments to investigate the
depth from which giant foxrail seedlings would emerge from the soil was inii-
ated March 12, 1955 and conducted in the greenhouse at the University of Mis-
souri.

After several unsuccessful attempts to germinate harvested seed, a source of
seed that would germinate was obtained by removing the surface one-inch of soil
from several locations on an area where giant foxrail was abundant the previous
season. The soil was screened and thoroughly mixed. A one-inch layer of the
seed-bearing soil was placed in each of seven two-gallon crockery ports eight
inches in diameter, so that each container represented a different germination
zone extending stepwise from the surface to seven inches below the surface. The
experiment was replicated four times. Filler soil, screened and mixed, was also
added in weighed, one-inch incruments. After the last addition, the pots con-
tained 8 & 0.5 inches of soil.



RESEARCH BULLETIN 829 5

Daily counts of emerging seedlings were obtained for about one month
after planting. Germination or, more correctly, emergence is defined as the num-
ber of seedlings appearing above the soil surface. Seedings were removed from
the containers as they emerged. Soil moisture was kept near field capacity. Green-
house temperature was maintained above 20° to 25°C from March 12 to April
8, 1955 when the minimum temperature was raised to 30°C. The initial experi-
ment was terminated April 18, 1955.

A similar test was conducted under existing weather conditions starting

with the zone placed from two inches to three inches below the surface. Soil
was removed from an area twelve inches deep and twelve inches in diameter
located in a well-drained site. Seed-bearing and filler soil was added as above,
The test was initiated March 18, 1955 and the first seedlings appeared April 4,
1955. The test was terminated May 14, 1955,
Germination over a five-year period.—The continers from the greenhouse
seed depths for emergence experiment were held at greenhouse temperatures
from March 16, 1955 to September 1, 1956. At that time the zero- to one-, one-to
two-, and two- to three-inch depths were transferred to existing weather condi-
ditions for further observations on seed viability.

Filler soil was removed step-wise by one-inch layers on April 19, June 1,
June 24, September 1, October 3, and November 19, 1956 until the seed layers
were exposed at the surface in all containers. Pots containing filler soil over the
seed-bearing layer had not produced seedlings for ar least two weeks prior ©
removal of the next layer of filler soil. Daily counts of emerging seedlings were
recorded during extended periods of germination. With sequences of diminished
germination, observations were limited to two- or three-day intervals.

Soil cores were removed January 3, 1956 from one-fourth of the containers
using a laboratory cork borer of one-half inch diameter. The seeds were recovered
by washing over a fine screen and examined for signs of deterioration.

Light, temperature, and conditions of storage.—Much of the information con-
cerned with light, temperature and storage conditions was obtained coincidental
to other experiments. Constant temperature rooms provided temperatures of 7°,
15° and 24°C. The 30°C temperature was maintained in a small light germina-
tor. The effect of light was determined by germinating seeds in both light and
dark germinators and in soil by covering the containers with transparent or
opaque polyethylene plastic.

Natural dormancy of seed contained in the soil.—As a means of investigating
the dormancy of seeds in the soil, seed sources were obtained by removing the
surface one-inch of soil from several locations randomly selected in an area of aa.
30 square feet. The samples were mixed and transferred to containers fashioned
for this purpose from half-gallon paraffined milk cartons, providing a germina-
tion area of ¢a. 30 square inches. A one-inch layer of seed soil was placed in
each container. Samples were removed from the field at approximately one-week
intervals. Greenhouse remperatures were maintained between 25° and 30°C dur-
ing germination. Three experiments were conducted—at the University of Mis-
souri in 1957 and at Purdue University in 1958 and 1959.
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Germinability as a function of seed maturity.—Since previous experiments
with freshly harvested seed indicated a close correlation berween ability to germi-
nate and date of harvest, an experiment was conducted in 1957 and 1958 w
quantitate this relationship. The most highly developed panicles from several
plants were collected August 1, August 15, September 1, October 1, and No-
vember 15, 1957 from a single location adjacent to the Purdue University Agron-
omy Farm. A sample was tested immediately and the remainder was stored ar
24°C for 30 days. Ac that time the dispersal units were shattered from the
panicle, cleaned and weighed. Each month following harvest an additional 100-
unit sample stored ar 24°C was submitted to test until October 1958. The test
procedure consisted of placing 100 dispersal units on moistened Whatman Num.-
ber 1 filter paper in a 10 X 100 mm petri plate. Germinations were conducted
at 24°C for a period of 30 days.
Extracts from dispersal units.—Material for these experiments was obtained in
quantity from a location in Whire County, Indiana. When submitted to test,
less than two percent germination was obrained and the dispersal units were
considered to be in a dormanrt condition. Preparation of extracts is described
along with a rabulation of data under discussion of results. Seeds of cultivated
millet (Setaria italica) and Vermillion wheat were used as a bioassy for in-
hibitory substances. The assay was conducted on extracts applied to Whatman
Number 1 filter paper and contained in 10 X 100 mm petri plates.

Special techniques applied to specific problems have been omitted here.
Addirional derails of materials and methods are included in discussion of results
to facilitate interpreration of the dara.

RESULTS AND DISCUSSION

Seed depths for emergence

In the greenhouse studies, 45 percent of the seedlings emerging in the firse
month were recorded from the surface one inch of soil (figure 1). The daily
emergence rate from the first inch varied considerably as compared to the other
depths and was most noticeably affected by environmental factors. For example,
the number of scedlings emerging rose sharply on each third day after warering,
even though the soil was kept near field capacity during the entire test.

Emergence from the one-inch to two-inch zone was comparable to the sur-
face to one-inch depth and accounted for 37 percent of the toral. Daily emer-
gence from this depth was relatively constant and less affected by time of warer-
ng.

& The number of emerging seedlings began to drop off sharply beginning
with the two-inch to three-inch zone which produced only 13 percent of the
toral. Many seedlings emerged from this depth with a foliate leaf extended
through the coleoptile and appeared less vigorous than seedlings from shallower
zones.

The critical depth, however, appeared to be the zone between three inches
and four inches below the surface. Only three percent of the seedlings emerged
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Figure 1. The number of plants per square inch emerging from seed-bearing soil

placed in one-inch zones at varying depths, Greenhouse, March 14
to April 18, 1955,

from this layer. The emergence pattern of the remaining depths was found
parallel that of the control and it is doubtful if any seedlings actually emerged
from a depth greater than four inches.

When a similar experiment was conducted under field conditions, the zone
from four inches to five inches below the surface accounted for six times as
many seedlings as either the five to six inch zone or the six to seven inch zone
and possibly represents emergence from that depth (figure 2). Particularly in the
field experiment, it was difficult to avoid conramination of filler soil during prep-
aration of the test sites due to seed bearing soil adhering to the sides of the test
holes.

In studying the behavior of giant foxrail in the field, Slife and coworkers
(14) found no seedlings that emerged from a depth below three inches. How-
ever, they suggested that a small percentage may emerge from as deep as five
inches under greenhouse conditions. These results, therefore, confirm those re-
ported by King (9) where giant foxtail seed germinated and emerged from a
depth of no more than three cm in compact soil. When the soil was loose and
well aerated, they emerged from a depth of 12 cm.

On April 22, 1955, emerged foxrail seedlings were examined in the field to
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Figure 2. The n mber of plants per square inch emerging from seed-bearing soil placed
in one-inch zones at varying depths. Existing weather conditions, April 4
to May 14, 1955.

determine the normal distribution of germination depth. Seedlings from 200 one
square inch samples from two locations were measured and grouped into six
classes (table 1). Although the sample is small, the data do tend to substantiate
the greenhouse results—that most seedlings emerge from the surface inch of
soil. The tendency for surface and near surface germination was greatly accele-
rated, however, since seed matured the previous fall was concentrated in this
area. The maximum depth of germination recorded was just over two inches.

It is the mesocotyl thar must compensate for differences in depth of germi-
nation, and in the field studies few plants were encountered with a mesocotyl
over five centimeters in length. However, in the greenhouse, occasional plants
germinating through cracks in the soil were able to produce sturdy mesocotyls
over eight centimeters in length. Germination was consistently higher around
the edge of the pots than in the center with all except the surface to one inch
depth. These and other observations indicate that aeration or soil compaction
may be a factor seriously limiting the depth at which seeds will germinate and
from which seedlings will emerge. Experiments to induce germination of dorm-
ant seeds through increased acration or to reduce emergence through applica-
tion of external force were, for the most part, unsuccessful.
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TABLE 1 - 5EED DEPTH FOR EMERGENCE OF GIANT FOXTAIL SEEDLINGS UNDER
FIELD CONDITIONS. AN AVERAGE OF 200 ONE SQUARE INCH SAMPLES
FROM TWO LOCATIONS, COLUMBIA, MISSOURI, APRIL 22, 1955.

Seed Depth for emergence (mm) Percentage of total

Surface 55

1-10 38
11-20 2
21-30 1
31-40 2
41=54 2

> 56 0

Germination over a five-year period

The germination of giant foxtail seeds contained in seed-bearing soil is
represented schematically in figure 3 for the period March 16, 1955 to Septem-
ber 1, 1956. The first seedlings were observed March 17, 1955 and over 600 seed-
lings per day were recovered between March 19 and March 28, with 2 maximum
of 975 on March 23, 1955. Germination then decrcased steadily and from May
15 to July 22, 1955, only 20 seedlings were produced. Secondary peaks of germi-
nation were recorded berween July 22 and July 30, 1955 and berween October
27 and November 6, 1955.

A germination peak occurred again in April and May of 1956, the second
year after initiation of the experiment. Between March 27 and June 5, 1957,
seedlings were also produced; a total of 166 for the third season. During the
summer of 1957 no seedlings were recorded, bur a significant number appeared
in the spring of 1958. Observations were continued through June of 1959 with
no further germination being evident.

The results of the 5-year seed viability experiment further demonstrate the
ability of a small percentage of the giant foxtail seeds to remain dormant in the
soil for ar least 4 years (the spring following sceding being considered as the
first year) and to continue to produce repeated infestations from a single seed-
ing. This viability is not unduly high since the life of bristly foxtail in dry stor-
age is estimated at 20 years and that of yellow foxtail is said to exceed 30 years
(4).

The removal of filler soil had no marked effect on the rate of emergence.
Distinct increases in rate of emergence occurred at approximate intervals of
three months with lesser fluctuations during the interum. Attempts to correlate
the increases with daily fluctuartions in temperature or solar radiation were un-
successful.

When the soil cores removed January 3, 1956 were examined, it became
evident that the central layers contained only a small fraction of the seeds origi-
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Figure 3. Daily emergence of seedlings from soil heavily infested with giant foxtail
seeds (March 14, 1955 to Sept. 1, 1958).

nally present (summarized in figure 4). The surface and bottom layers contained
the greatest number of apparently intact seeds (although far fewer germinations
were recorded from the basal layers even after removal of filler soil). Since the
containers were in equilibrium with the atmosphere at both rtop and bottom, it
is evident that zones with comparable oxygen tensions retained comparable num-
bers of intact dispersal units. The botrom layers would be expected to represent
slightly more anaerobic conditions due to an increased water content. On this
basis it is suggested that destruction of the dispersal units which imbide water
but do not germinate or emerge is through the action of soil organisms, cerrain
of which are favored by anaerobic conditions.

Effect of temperature, light and conditions of seed storage

Germination percentages were comparable at various temperatures berween
15° and 30°C and in most experiments germination was regarded as being rela-
tively insensitive to small temperature fluctuations, but not germination occurred at
7°C. The highest germination percentage recorded (90%) was obtained at 24°C,
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using mature seed. Light was included as a variable in a number of experiments
withour eftect.

The influence of storage conditions on the germination of freshly harvested
dispersal units was not sufficiently critical to cause noticeable fluctuations in the
results, except for weeds stored for long periods of temperatures exceeding 30°C.
Temperatures alternating berween below freezing and room temperarure for two
and four weeks during the February following harvest was found to be ineffec-
tive in hastening germination of either dry or imbibed seeds previously stored
at room temperature. Alwernate werting and drying of seeds mixed with soil was
also found to be ineffective contrary to the suggestion of King (9).

Slife’s group (14) found thar after storage for two years, giant foxeail seed
was completely dormant regardless of condirions. They apparently obrained
satisfactory results in restoring germinability by alternating the temperatures
every other day berween below freezing and 50°F for 8 weeks in the case of P,
aneeps (5) and for one week or less in the case of P. antidotale (11).

Influence of enveloping structures on germinability

Improvement of germination by disorganization or removal of enveloping
structures (scarification) is normally considered to result from improved perme-
ability. In the case of giant foxrail, dispersal units, standard sulfuric acid treat-
ment and sand paper scarification (in the manner for legume seeds) proved in-
effective. However, by carcful disruption of the bracts in the region of the seed
apex (distal to the embryo), germination could be increased by 5% in the case
of dormant seeds (0% control germination) and as much as 10% using sced pre-
disposed toward germination. Results from experiments employing various meth-
ods of disrupting the eveloping structures of the caryopsis are summarized in
table 2. It is interesting to note that germination could be intreased by merely
pricking the intact dispersal unit with a fine needle.

A twearment effective in the case of low-germinating samples, consisted of
making a longitudinal cut along the apical one-third of the dispersal unit (just
through the pericarp of the caryopsis). However, in April and May when many
seeds germinated without special treatrment, this method became progressively
less effective.

The slight improvement in germinability resulting from mechanical treat-
ment apparently does not result from a mechanical alteration of the caryopsis.
Thus, germination could be most effectively increased by removing only the
apical portion of the bracts, those which extend beyond the caryopsis, and with-
out disturbing the pericarp.

It is important to note that scarification methods involving 2 minimum
disturbance of the point of attachment of the bracts seem to offer the grearest
stimulatory response. If the bracts were removed completely, the embryos were
observed to swell bur did not germinate. Caryopses of giant foxrail also failed
to germinate when cultured on an agar surface or imbedded in the agar surface
under asceptic conditions. By way of a procedural control, isolated caryopsis of
cultivated millet (§. Italica), grown under identical condirions, resulted ina
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TABLE 2 - SUMMARY OF EXPERIMENTS INVOLVING DISRUPTION OF STRUCTURES
EMVELOPING THE CARYOPSIS, 1957,
Sample Size Germination
Method of disruption Mo. of Seeds FErCenl‘ﬂgﬂ_L"r

none 00 16
bracts cut with razor blade on apex
(penetrating pericarp) 200 146
bracts broken with forceps (apical region) 200 20
bracts removed completely 200 0
opical portion of bracts extending beyond
endosperm removed with razor blade 200 23
apical portion of bracts removed as above to
include the apical tip of the endosperm
(penetrating pericarp) 200 1
sand paper scarification (broken dispersal
units discarded) 100 16
prick units with fine steel needle

in apical region distal to embryo 100 22

in dorsal region distal te embryo 100 2
prick units with coarse steel needle

in apical region distal to embryo 100 5

in dorsal region distal to embryo 100 1

_llg" Standerd deviation = 2 percent,

germination percentage of 50%, slightly greater than the intact dispersal units.
Dissection of the giant foxtail embryo was also ineffective in inducing germina-

tion.

Aqueous extracts prepared from isolated bracts prevented browning of the
embryos and retarded growth of mold in the case of caryopses grown under
nonsterile conditions. However, the ability of the caryopsis to germinate was
not restored by addition of either the extracts or a finely ground powder pre-

pared from isolated bracts.

Properties of extracts prepared from dispersal units.
Since seeds of cultivated millet (S. #talica) do not exhibit a condition of
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winter dormancy in the sense of giant foxuail (S. faberii), it was possible to
utilize cultivated millet as a bioassay of germination inhibitors extracted from
giant foxtail seeds. The data presented in table 3 show that petroleum ether
and ethanol were completely ineffective in extracting any sort of inhibitory sub-
stance from the dispersal units. The water extracts were, however, definitely in-

TABLE 3 - GERMINATION OF CULTIVATED MILLET (5. ITALICA) AS INFLUENCED
BY EXTRACTS PREPARED FROM DORMANT GIANT FOXTAIL SEEDSY

inhibition of
Extraction !Ol\l"&nfy percent germ. of millet wheat root growth
none 43 none
petroleum ether 39 none
absalute ethanol 50 none
water 1 savers

_!_f cg. 2% germination. Twenty-five grams of intact seeds were extracted 12 hours in
the cold with 50 ml of extraction solvent. Extract corresponding to 5 grams of seed
was evaporated onto filter paper in @ 10 X 100 mm petri plate. Twenty-five wheat
seeds and 25 millet seads per plate were utilized in the bicassay. Eech plate receiv-
ed 5 ml of water following selvent evaporation.

Ef In no instance did over 2% of the giant foxtail seed germinate following extraction.

hibitory to both millet seed germination and growth of wheat root. The osmotic
concentration of the extract was excessive as indicated by plasmolysis experi-
ments and contributed to the inhibition observed.

The inhibitory fraction is localized in the caryopsis as shown by the data in
table 4. Soluble inhibitors could be detected in comparable extracts prepared
from bracts of the giant foxeail dispersal unit (includes glumes, sterile and fertile
lemma and palea). A dilution of extract from the caryopsis was then utilized
which did not inhibit the growth of wheat roots over a 72 hour period but
which still inhibited the germination of cultivated miller seed (table 4).

Germination of seeds over activated charcoal merely served ro reduce an al-
ready scarcely perceptible germination rate. If charcoal was effective in removing
any inhibitors, the beneficial effects were completely counter-balanced by re-
moval of essentialities for germinarion.

One mighe argue that the inhibition of germinartion of . Jtalica sceds by
water extracts prepared from S. faberii seeds is positive evidence for an in-
hibitor germination-regulating mechanism as suggested by King (9). But the
fact remains that none of the extraction procedures were effective as a means of
increasing the germination of S. faberi even with prolonged extraction (7 days).
Until such evidence is obtained, any definitive conclusion regarding the physio-
logical importance of such inhibitors is questionable.
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TABLE 4 - GERMINATION OF CULTIVATED MILLET (S. ITALICA) AS AFFECTE
BY A WATER EXTRACT OF DORMANT GIANT FOXTAIL SEEDS. (S. FABERI|) J

Extracted Material Germination Percentage
nene 44
intact disper}ﬁl’ units 33
bracts% 48
curyopsfsgf a3

1/ ca. 2% germination. One gram of plant material was extracted with 5 ml of deionized
water for & hours. The extract was filtered and submitted to test without further dilution,
Four tests utilizing 100 millet seeds each were utilized in the bicassay.

Ef glumes, sterile lemma, fertile lemma and palea

3/ embryo, endosperm and pericarp

Dormancy of seeds overwintered in the soil

Seed-bearing soil removed from the field on March 16, 1955 yielded up to
20 plants per square inch from a one-inch layer during the month following
wransfer to the greenhouse. However, the following year when seed soil was col-
lected from the same area on January 1, less than one plant per square inch was
obtained. It seemed reasonable to suppose that seeds of giant foxrail might ex-
hibit some sort of cold requirement for germination. Samples of seed-bearing
soil from the University of Missouri South Farm were collected at weekly in-
tervals between February 4 and March 13, 1957 and transferred to the geeen-
house for observation (figure 5). An analagous experiment was conducted in
1958 at Lafayette, Indiana, with samples collected at weekly intervals from Jan-
uary 12 to March 23, 1958 (figure 6). The Indiana experiment was repeated in
1959 with nearly identical results.

The darta presented in figures 5 and 6 are analagous in that germinacion in-
creased sharply over a one-week interval in mid-February or early March to a
relatively constant value. Prior to this sharp rise, germination did not proceed,
nor did any of the samples collected before the critical period produce seedlings
during the time that the later collections were germinating. This phenomenon
may well fir yet another concept, that of secondary dormancy (3). However, one
should be hesitant to classify a seed as dormant unless at some later time it is
observed to germinate. It is perhaps more realistic to suggest that the bulk of
the imbibed seeds in which after-ripening has not proceeded sufficiently to per-
mit germination, fall prey to attack by soil organisms at the elevated greenhouse
temperatures. As a first consideration, the germination control appears best in-
terpreted as being the result of a critical cold requirement. However, an absolute
cold requirement in the usual sense becomes untenable with further experimenta-
tion.
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Figure 5. Emergence of giant foxtail plants in the greenhouse from seed-bearing soil
removed form the field on different dates. University of Missouri South Farms,
Columbia, Missouri, 1957,

Germinability as a function of seed maturity

The germination percentages of each of the twelve monthly trials following
and including the month of harvest were averaged and are presented as figure
7. It is evident that germinability as a function of the date of seed harvest in-
creases almost linearily with time. Dispersal units harvested in August, while
still green, did not germinate. Maximum germinability was not atrained unil
after senescence and death of the parent plant. It is important to mention that
shattering from the panicles occurred by August 1, and by October 1 sufficient
dispersal units had dropped to make further observations on seed production
useless. The November 15 collection, which eventually attained 90% germina-
tion (figure 8) was harvested after frost and after essentially all dispersal units
had shattered except from an occasional panicle protected from the wind.

The weight per 1000 seeds increased rapidly berween August 15 and Octo-
ber 1, decreasing only slightly with the November 15 collection (figure 9). It
becomes apparent after comparison of figures 7 and 9 that germinability is not
a direct function of seed weight. The period of maximum weight coincides with
the date of the first killing frost implying that translocation of storage materials
is not a factor limiting germinaton.

None of the seeds germinated immediately following harvest and significant



Plants per 120 square inches of seed-bearing soil one

RESEARCH BULLETIN 829 17

800
@
=
& 00 |
5
<
w
S
3
o 400
€
®
]
g
§
= 00 -
]
£

& 1 1 1 I 1 1 1 |

112 117 1/26 211 2/18 2/25 33 39 3/23

0

Date sample removed from field

Figure 6. Emergence of giant foxtail plants in the greenhouse from seed-bearing soil
removed from the field on different dates. Purdue University Agronomy Farm,
Lefayette, Indiana, 1738,
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Figure 8. Monthly germination of dispersal units harvested November 15, 1957 (triangles)
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stored ond germinated at 247,
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Figure 9. Average weight per 1000 dispersal units as a function of date of harvest.

germination percentages were not recorded until February coinciding with the
time germination was found to occur in samples from the field (figure 8). Since
germination proceeded in the absence of a cold treatment, the data are more sug-
gestive of the phenomenon embryo dormancy (3). Germination then remained
constant throughout April, rising in May and falling in June to again coincide
with data obtained from field experiments (figures 3, 5 and 6). However, be-
ginning with the July sample, germination increased steadily to atrain a maxi-
mum in Sepember and October. This information, combined with that of the
previous section, is perhaps best interpreted as embryo dormancy which would
normally require a period of cold treatment for maximum efficiency in reverting
to an embryo that can resume growth. Crocker and Barton (3) conclude that
this type of dormancy is often associated with effects of dry storage at moderate
temperature as presented in figure 8. Although the data presented are an aver-
age of all dates of harvest, each sample behaved in an analagous manner, reach-
ing a constant value during the last two or three months of testing. This would
suggest that seeds harvested prematurely have reached a state of development
insufficient to allow germination even under conditions where embryo dormancy
would otherwise be overcome.

A chemical difference in immature seeds is revealed by the fact that aqueous
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extracts of freshly harvested seeds reoxidized methylene blue chloride previously
reduced over excess sodium thiosulfate; a property which might occur, for ex-
ample, as the result of large quantities of peroxides. Furthermore, the ability of
freshly prepared seed extracts to oxidize pyrogallol was found to be a function
of date of harvest, being most pronounced with the August collections and de-
creasing thereafter.

In the same experiment, seeds of giant foxeail plants treated in mid-August
with dalapon (2,2-dichloropropionic acid) were also tested for germinability.
Seeds were collected September 1, 1957 from plants showing about 50% neu-
crosis. Maximum germination was six percent as compared to 19 percent for un-
treated seed collected the same date. The resulting seedlings were weak and de-
formed and seed weight was reduced approximately 50 percent by the dalapon
reatment.

A useful index for estimating germination potential

An early observation indicated that seeds with dark-colored (brown to black)
inner bracts (lemma and palea) were among the first to germinate in any given
test and in most instances were the only seeds to germinate. The data of figure
10 illustrates the close correlation berween the percentage of “brown seeds” and
maximum germination percentage recorded from each date of harvest. A paral-
lel relationship is maintained until the final date of harvest when the germina-
tion percentage exceeded the percentage of “"brown seeds”. The data serve asa
useful guide for determuming the physiological age at which a mowing treat-
ment would effectively reduce a giant foxrail infestation. If the most fully de-
veloped heads conrained fess than 10 percent "brown seeds”, mowing to pre-
vent seed production could still be employed as an effective control measure.

The weight per 1000 seeds and the roral weight of seed from a given num-
ber of heads when combined with the data on the number of heads per plant
made it possible to provide an accurate estimate of the potential seed production
of a single giant foxtail plant. Dara from 70 individual panicles collected be-
tween August 1 and Seprember 1 conrained an average of 870 seeds per panicle.
The number of tillers per plant varied from 1 to 20 and the number of heads
varied from 1 to 33 depending on stand density, competition and a number of
other factors. An average value obrained for plants collected from a fence row
indicates that a single plant may produce 20,000 or more seeds with an average
of abour 7,500. These results have already been presented in summary form (12).

GERMINATION-REGULATING MECHANISMS

Giant foxtail seeds, therefore, appear to undergo a period of after-ripening
during which one would anticipate that the embryo becomes “of age” and con-
tinues the maturation process underway at the time of harvest. Seeds harvested
carly in the reproductive cycle seem to require additional direction from the
parent plant in order for the embryo to eventually resume active growth. Such
seeds have never been observed to after-ripen even under conditions which in-
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sure the germination of other embryo dormant seed. As the panicle marures,

more and more of the members of the seed population acquire the ability to de-

velop mature embryos. For some reason, seed maturation is accompanied by
change in coloration of the bracts from green to brownish black. Such an index
provides an easy evaluation of germinability of a given seed sample. An associ-
ated chemical change is a decrease in the ability of aqueous extracts to oxidize



22 MISSOURI AGRICULTURAL EXPERIMENT STATION

pyrogallol, a finding, for example, that might be indicative of large quantities of
peroxides in immature seeds.

Seeds requiring a period of after-ripening can usually be induced to germi-
nate by a moist trearment at low temperature to break the dormancy of the
embryo (3). Seeds stratified in the soil under field conditions begin germinating
in late February or early March, the actual time varying less than a weck at the
same location in two successive years. If such a dormancy condition does exist in
seeds of giant foxaail, it would most likely be of the rype overcome by a period
of dry storage at room temperature. That this is so is suggested by the fact that
seed populations stored at 24°C began germinating at approximately the same
time as those in the field. Maximum germination, however, does not occur un-
til the following season. Therefore, certain of the after-ripening processes appear
as timing mechanisms to ensure germination under favorable conditions. Al-
though not completely independent of temperature, after-ripening may proceed
in at least some members of the population over a wide range of conditions, in
both embibed and dry seeds.

Most of the seeds swell rapidly upon contact with water or in moist soil
but are protected from decomposition in the field until after-ripening occurs by
reduced temperatures and natural water soluble inhibitors of microbial growth
contained in the bracts. These materials would be slowly leached out, eventually
allowing ungerminated seeds to fall prey to destruction by soil microorganisms.

Oxygen supply is known to be a critical factor for seed germination in the
soil (3) and in the case of both greenhouse and field studies, maximum emer-
ence of seedlings was obtained from dispersal units contained in the surface
inch of soil. The zone located between one inch and two inches below the sur-
face compared favorably to the surface inch. In both field and greenhouse ex-
periments, the critical depth for emergence was encountered between three and
four inches below the surface. It is doubtful if any emergence occurs below a
depth of four inches except through cracks in the soil. When emergence was
investigated in a natural population of giant foxrail, 95 percent of the seedlings
resulted from surface or near surface germinations.

Seeds unable to germinate or emerge as a result of being buried in the soil
for a2 month or longer did not produce scedlings when the overlying layers were
removed. The bulk of the buried seeds are apparently destroyed by soil organ-
isms but invariably, a small percentage of the dispersal units appear to neither
germinate nor decay. These seeds could ar some later time account for what is
commonly termed delayed germination or periodically occurring secondary peaks
in the sense of the five-year viability experiment and produce yearly re-
infestations. It is suggested that these seeds correspond to the “hard seed” frac-
tion which responds to increase permeability through scarification. Alchough
aeration appears to be a controlling factor in regulating the germination of non-
dormant seeds, actempts to induce germination of dormant seeds in the soil by
various treatments to increase oxygen tension were unsuccessful.

In general, the properties which render certain seeds resistant to decomposi-
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tion are not completely understood although impervious enveloping structures
appear to contribute. In the cases of Johnsongrass (Sorghum halapense), the
inner integument and certain layers of the pericarp have been suggested to con-
rain tannin compounds which decrease their permeability (7). Increased deposi-
tion of rannins in these layers would account for the existance of "hard seed” in
Johnsongrass as would increased lignification. Dispersal units of Johnsongrass
also represent a situation where germination is benefited by a period of after-
ripening (6).

A water soluble inhibitor of millet seed germination was found to be lo-
cated in the caryopsis of the giant foxtail dispersal unit. Extracts prepared from
dormant seeds inhibit germination under conditions where growth is unaffected.
Since extraction of the inhibirtor failed to increase the germination of dormant
foxrail seeds, the water soluble inhibitor fails to fulfill a necessary requirement
as a control mechanism. The bracts of the dispersal unit, although ap-
parently free of substances inhibitory to germination, inhibit the growth
of microorganisms and, in laboratory experiments, function as an early
defense mechanism against decomposition.

Neither isolated caryopses nor isolated embryos from giant foxtail could be
induced to germinate. A possible explanation lies in che fact that any scarifica-
tion treatment that disturbs the point of attachment of bracts and caryopsis near
the embryo, serves to drastically reduce germination, presumably through me-
chanical damage to the embryo.

In addition to the initial embryo dormancy and possible secondary dor-
mancy induced by environmental extremes, giant foxrail seed germination ap-
pears to follow a circa-annum rhythm. Germination maxima occur each spring
following harvest virtually independent of external conditions. A striking exam-
ple is provided in figure 3 in that a strong secondary peak of germination oc-
curred in the spring following almost five months of inactivity and in the ab-
sence of any cold treatment or conscious alteration of environmental conditions.
Evidence for long-range biological clocks regulating seed germination is available
for other species (2) and experimentation will undoubredly reveal more.

The problem of periodicity in germination of sceds is adequately expressed
by Warington (15) who states, “External factors alone, however, cannot provide
the full explanation . . . neither can it be solely a matter of the seeds needing 2
definite period of after-ripening, or (in the case of Alchemilla) one would ex-
pect a continuous spell of germination with a gradual falling off after the rush
in autumn whereas actually the decrease is fairly sharp and is followed by a sec-
ond maximum in the following autumn without any fresh seed having been
introduced.”
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SUMMARY

1. The factors that regulate the germination of giant foxtail (Setaria fa-
berii) dispersal units are atcributed primarily to embryo dormancy as quantica-
tively influenced by the marurity of the seed at the time of dispersal. Embryo
dormancy is broken in late February or early March by stratification in the soil
under field conditions. After-ripening of a portion of the seed popularions stored
at room temperature is accomplished at approximately the same time but maxi-
mum germination does not occur until the following season.

2. Nondormant seeds germinate over a wide range of temperatures (15° to
30°C; optimum 20° to 25°C) in both light and dark.

3. Whereas the bulk of the dispersal units are apparently permeable to
water, permeability may limit germination in certain seeds in which germina-
tion is induced by scarification.

4. The critical depth for emergence of giant foxtail seedlings was encounter-
ed between three and four inches below the soil surface. It is doubtful if any
emergence occurred from below a depth of four inches. When emergence was
investigated in a natural population of giant foxtail on tilled soil, 55 percent of
the seedlings were found to result from surface germinations with near surface
germinations accounting for much of the remainder.

5. Many of the buried seeds which do not germinate or emerge are eventu-
ally destroyed by soil organisms. Some remain viable for at least four years pro-
ducing yearly reinfestations.

6. Freshly harvested dispersal units are resistant to attack by microorgan-
isms, a feature restricted to the bracts.

7. The caryopses of the dispersal unit contain a water soluble germination
inhibitor absent from the bracts. Since extraction of the inhibitor failed to in-
crease germination, the significance of this finding remains uncertain.

8. Germinability is a linear function of maturation time on the parent plant al-
though the pattern of after-ripening is not changed appreciably. Coloration of
the inner bracts (lemma and palea) provides an accurate index of seed maturity
which should prove useful in scheduling mowing treatments to reduce seed
production.

9. Seed production is estimated to be 870 seeds per panicle or an average
of about 7,500 per plant. A single isolated plant growing on fertile soil may
produce in excess of 20,000 seeds.

10. In general, germination of giant foxtail dispersal units is a cyclic pheno-
menon with maximum germination occurring in the spring independent of ex-
ternal conditions.
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