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INTRODUCTION

Traditionally, weed control practices have emphasized the control
of weeds after germination and emergence of seedlings. Destruction of
weed seed in the soil has received little attention except in seedbed
fumigation for high value crops. Fumigatiop—asf a method of weed control
has provided information, on an empirical basis, for the appropriate
rates of application of various fumigants needed to control weeds on
pé.rticular soils and under specific conditions., Furthermore, these
techniques have emphasized the control of non~dormant, germinable weed
seed with little consideration for long term weed control by the elimin-
ation of both non-dormant and dormant weed seed,

Seed dormancy is a major adaptation of annual weeds which permits
them to survive and flourish in spite of many agronomic practices deéiéned
to favor the establishment of the crop. Thus, propagules of weed sﬁ‘ecies
may reﬁain dormant or in the non=-growing state fo; ektended periods.
During this time, varying percentages of seed may encountef that com-
bination of environmental conditions which results in the termination
of dormancy. An understanding of the specific conditions under which
dormant seed may remain viable, of the narrow range of environmental
conditions under which they lose dormancy, and of their susceptibility
to soil fumigants under these conditions, is basic to thé development
of weed control practices designed to eliminate weed seed in the soil.

The present investigation was directed to an evaluation of the
toxicity of selected soil fumigants to dormant and non-dormant seed of

selected annual weed species. A second aspect of the study included a



preliminary attempt to characterize weed seed viability and dormancy
under field conditions. The several fumigants used were chosen for their
suitability of handling and on the basis of proven effectiveness in seed-

bed fumigation., Abutilon theophrasti Medic., Polygonum pensylvanicum L.,

Setaria lutescens (Weigel) F. T. Hubb., and Setaria faberi Herrm. were

used because they met the major requirements for suitable experimental
material for the study. Adequate supplies of both dormant and non-dormant
seed were available, methods were knoﬁn for breaking dormancy, distinct
types of seed dormancy are represented, and the species are serious weed

pests of the region,



LITERATURE REVIEW

Soil fumigation for the control of soil pests has been known for
about 100 years. However, it is only within the last two decades that
extensive research has_begn conducted into properties of soil fumigants
as they pertain to basic toxicity, mode of action, and function in soil.
Historically soil fumigants were used to control pathogenic microflora
associated with soil. In these studies it was noted often that weed
populations were reduced following fumigation. This led to further
studies into the relationship of the 'physiological and environmental
condition of the seed and fumigant toxicity. Toxicity may depend on
the life stage of the pest being treated as well as any biological vari-
ation existing within a group of organisms. Basic toxicity of a fumigant
in relation to its rate of application greatly influences pest control
under normal conditions. Obviously, many factors modify the results
obtained with soil fumigation; an appreciation of these factors is

essential for effective control programs.

Observed Toxicity under Field Conditions
Toxicity of soil fumigants under field conditions depends upon many
factors related to the soil and fumigant used. Studies on physical and
chemical properties of the movement through, or reaction of, fumigants
with soils or soil constituents has revealed the complex interrelationship
between soil and fumigant. With optimum or ideal conditions complete
soil fumigation results from radial diffusicn of fumigant from irjection

points through a transition stage to a reasonably uniform distribtion of
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the fumigant in the soil.. Hemwall (18) stated that optimum fumigant
pruperties are (1) low chemical reactivity with soil components, (2)
low diffusibility, (3) high water solubility, (4) low vapor pressure
and (5) low al:;sorbability by soil components. Optimum soil properties
included (1) low organic matter content, (2) low adsorptive capacity for
fumigants, (3) low continuous air space, (L) ideal soil temperature
depends on fumigan.t, but in general the higher the temperature the more
effictive the furigant, (5) soil should be well worked for best results,
and (5) some soil moisture is desirable, but less than field capacity.
At low levels of moisture the fumigant is lost too quickly while at
field capacity thzie is not enough soil pore space for free movement

of the fumigant. )

Early workers were not so much interested in these properties as
such as they were in the end result of soil fumigation. Prominent among
the sarly fumigants was carbon bisulfide and according to Young (58) no
weed control resulted with applications of 1000-3000 lb/acre. Crowther
and Richardson (9) studying the effects of decomposition of calcihm 5
cyanar:ide in thé soil and its effects on germination, found that toxicity
to germinating seed was caused by cyanamide. Toxicity was reduced rap.idly
as the time interval between appl&ing the calcium cyanamide and sowing
seed increased and was proportional rbugh];y to the amount of cyanémide
present during a relatively short time interval after sowing. Combine
ations of cyanamide and sodium azide, allyl alcohol and ethylene. dibromide
werc. snown to give good weed control by Clayton et al. (6). He also found
that calcium nitrate and potassium nitrate were effective weedicides,

when applied at rates of 1 1b/yard?,



Chloropicrin was the first true soil fumigant investigated exten=-
sively'. In an extensi-ve study of chloropicrin as a soil fumigant, Stark
(43) found that the smaller the size of soil particle the greater the
amount of chloropicrin adsorbed; degrez of aggregation of soil particles
had little or no effect on amount or rate of adsorption of chloropicrin.
Increasing the temperature resulted in a linear decrease in the amount
of chloropicrin adsorbed and the presence .of moisture in the soil
decreased the amount adsbrbed. High organic matter content also decreased
adsorption by soil, while pH did not affect adsorption, Godfrey (16)

obtained 100 percent control of nut grass (Cyperus rotundus) with

chloropicrin treatments of 560 lb/acre with plots covered with paper.
Treatments of 400 lb/acre with cover or no cover gave only about 50

percent control. Young (58) reported Johnson grass (Sorghum halepense)

and crab grass (Digitaria sanguinalis) usually were controlled at rates

of 250-450 1b/acre when plots were covered with glue-coated paper for
3 days following fumigation. However, weed seeds were controlled poorly
where the soil was dry at time of treatment.

In 1948 Newhall and Lear (3L) reported the effectiveness of methyl
bromide in control of weeds in greenhouse flats, Sandy loam, 1 foot
thick, was treated with 60 ml in each hole with holes 12 inches on center,
5 inches deep and covered for 48 hours. Treated flats had a third as
| many weed seedlings a.nd these were all clovers, whereas untreated flat;s
contained 'purslane and many grasses. Freeman (1) demonstrated that fof
best .r‘esults with methyl bromide soil temperature shouid be above 7T0°F,
however, between 60=-70°F good weed control was abtained while very poor

control occurred between 40~50°F and nio control was observed below LOCF.



Under favorable temperature, plots covered for only 6 hours did not
result in control of weeds, whereas 18 hours of covering gave good
results, He also showed that good soil tilth and soil moisture between
11-2l; percent were most important for effective fumigation. Even under
optimum conditions, seed of annual morning glory, white clover, garden
mallow and velvetleaf were not killed., Dieter and Coulter (12) used
asphalt-laminé.ted paper to cover plots after treatment and also found
very poor weed control at soil temperatures below 50°F and that best con-
trol was obta_ined when the soil was moist for several days prior to
treatment. Wetting the soil just prior to treatment gave better weed
control than dry soil.

Adamson (1) reported 10C percent control on plots infested with
field bindweed when fumigated with 1 or ki 1b/ft2 of methyl bromide.
Rates of .5 and .25 ib/100 £t2 resulted in only 30 and 20 percent control
of weed seedlings, respectively, Treatment time was 2L hours with soil
temperature from 60-70%F and the soil below field capacity. Hill,
Klingman and Woltz (19) reported that fall or spring application of
methyl bramide at a rate of 1 1b/100 £t2 and covered for 48 hours con-
trolled seeds of 16 specieé mixed into the top 2 inches of soil with
the exception that legumes were not controlled in fall treatment because
of dry soil. Under the same conditions allyl alcchol did not control
seed of Jerusalem oak either in fall or spring application but did control
the legumes,

DeFrance, Bell and Odland (11) applied allyl alcohol at rates of 2,
L, or 6 1b/1000 £t and cbtained weed control after 2 weeks at é.ll rates

and over 90 percent control at 8 weeks, All rates were toxic to radish
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seed planted at weekly int;,ervals up to 6 weeks after fumigation and none
were toxic after 6 weeks. All rates were toxic tﬁ colonial bent seed
for 2 weeks but none after this period; toxicity to rye grass increased
as rate of application increased.

Skoog (L2) found thai the nuaber of legume weeds were not reduced
by fumigatién with Vapam, allyl alcohol, or methyl bromide. White clover
| was the principal legume present., Methyl bromide gave the most consistent
cantrol of weeds, whereas allyl alcchol and Vapam gave inconsistent
results. Lloyd (31) has shoun Vapam to be phytotoxic at concentrations
of. one part per million in the soil atmosphere., Hunnam and Waddington
(20) demonstrated that .05 parts per million in the air about tomato
plants for 2 days caused serious stunting and malformations. Vorlex
(methyl isothiocyanate and chlorinated Cy hydrocarbons) at rates of 58

gal/acre resulted in good control of Panicum texanun and Digitaria

sanguinalis according to Young (57).

Toxicity Observed in Laboratory Experiments

Experiments Aconducted in 'the laboratory enable the‘ investigator to
obtain more precise informat’i.on on conditions affecting toxicity and to
‘gain a better understanding of the basic toxicity of a fumigant. Jacks
(21) mixed seed and soil together in containers to which was added either
a fmnigamj: or steamj the containers were than sealed. Seed were removed
L8 hours later and germination determined, His results showed that steam
destroyed seed more efféctively than any of the fumigants., Clover and
grasses proved highly resistant to fumigation and while chloropicrin and

dichloropropene~dichloropropane mixture were most effective, they did not
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completely inhibit germination of seeds.

Youngson, Baker and Goring (59) mixed oats in the soil before fum-
igation and found that toxicity of chloropicrin and methyl bromide in
sealed.containers increased with increased temperature, moisture', and
exposure period and decreased with increased organic matter content'of
soil; They also showed that gravity had no effect on diffusion; the
fumigant presumably moved by random molecular diffusion rather than mass
flow of vapor. With increased rate of application from 25-800 1lb/acre,

depth of kill of oat seed increased from 6 to 21 inches with chloropicrin

e Arloae i i b st

and rates of methyl bromide from 100-800 1b/acre killed seeds at depths
of 9 to 27 inches.

Pieczarka and Warren (36,37,38) placed dormant imbibed tomato seed
at various depths in soil cubes and determined the toxicities of several
fumigants. In these experiments dormant imbibed seed were germinable
seed that were allowed to imbibe water but held at such a low temperature
as to arrest germination, Vapam at rates of 350 lb/acre in sand had
almost complete area of 90 percent kill as did 700 1b/acre in muck.,
Maximum diffusion of Vapam in muck required 120 hours and in sand only
L8~72 hours., Allyl alcohol and 1~3 dichloropropene did not give as much
area with 90 percent kill as did Vapam, When dormant imbibed seeds were
exposed to various concentrations of fumigant and for different time
periods it was shown that as time exposure incieased kill of s:eeds
increased and this generally held for concentrations also. Allyl alcohol
was fhe most toxic with .35 mg/l and 1 hour exposure resulting in 100
percent kill of pigweed and a L hour exposure at this concentration

resulted in 100 percent kill of tomato seeds. Vapam showed 100 percent



kill at concentrations of 88-220 mg/l with 8 to 10 hours exposure time,

Dry seed, with moisture content below ten percent, treated with
methyl bromide at rate of L 1b/1000 £t3, at 70°F for 12 hours showed
very li’é,tle effect of treatment as determined by germination according
to Lindgren, Vincent and Krohne (30). Alfalfa, sunflower, milo, and
sudan showed no effect of methyl bromide when moisture content was below
eight percent, however, milo, sudan, and sunflower showed great reduction
in germination when moisture content was above 12 perdent. Strong and
Lindgren (ll,h5,h6,47,48) in a series of pa}i»ers on the effects of methyl
bromide and hydrocyanic acid on seeds found that the moisture content
critical for maximum toxicity varied with the species involved. - Wheat
had a critical moisture percentage between 10 and 12 percent, corn was
12 percent, oats approximately 12 percent, rice 10 percent., and barley
showed no increase in kill as moisture content increased over range of
. 8=1l percent. All seeds showed increased kill with increase of temper=-
ature over range of 50-90°F and increased exposure time, Methyl bromide
with two hour exposure at 5 1b/1000 £t and 70°F resulted in very little
kill while 8 hour exposure gave some kill and 2l hours gave almost come-
plete kill to all seeds when moisture content was above the critical
level, In experiments using two fumigation treatments the second treat-
ment increased percent kill only in instances where the first treatment
was effective,

Results reported by Cobb (7) showed that germination of lettuce
seed treated with methyl bromide at a rate of 250 _1b/1000 £t3 was reduced

only two to four percent when at L.3 percent moisture, but 100 percent

when at eight percent moisture., Sorghum treated at the same rate had
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25 percent reduction at_6.6 percent moisture and 100 percent kill when
at 9.6 percent moisture.. |

Gammon (15) demonstrated that very little damage occurred to dry
vegetable seed fumigated with methyl bromide at rates of 1 or 2 1b/1000
£t3 for 2l or 35 hours. However, seed held at 100 percent relative humid=-
ity for 1 week and where moisture percentage reached 11.9 percent a 50
percent reduction in germination occurred., Fumigation of crop seeds with
chloropicrin at a rate of 3 cc/lh liter for 2L hours showed some ;eed
responded to relative humidity differences during treatment and others
did not., With seed that did respond to relative humidity, moisture
content of the seed was important only when treated at low relative
humidities and not when treated at high relative humidities. Relative
humidity at time of fumigétion was found to be more important than rela--
tive humidity 2h hours prior to fumigation., Somewhat different results

were cbtained by Bruch and Koesterer (3) who treated dried spores of.

Bacillus subtilis with 1250 mg/1 propylene oxide at 99°F and 80 percent

relative humidity and found time for 90 percent kill to be 1 hour whereas
at 25 percent relative humidity the time was only LO minutes.

Results of seed fumigation studies demonstrate that the margin of
tolerance is dependent upon the complex interactions of several variable
factors including, (1) fumigant dosage applied, (2) moisture content of
seed, (3) exposure times, (L) kind of seed, (5) period and conditions
of storage after fumigation, (6) temperature during fumigation, and (7)
condition and age of seed., These interactions do not yield the same
result with all fumigants and the complexity varies with mode of action

of a particular fumigant, Little is known about mode of action of
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fumigants and data in the literature are often confiicting.

Most extensive work on this problem has been done with methyl
bromide. Lubatti and Harrison (32) studied the sorption of methyl
bromide by wheat and found that sorption increased as moisture content
increased; increase in temperature from 55° to 82°F resulted in 1.5X
more sorption; and sorption of fumigant and wheat did not reach equi-
librium for many days, long aft;er nbrmal treé.tment periods, Methyl
bromide sorption was slow, approximately 3-L mg/100 seed after 2l hours
and 75 percent of that sorbed was released in 2 ﬁours of aeration. In
onion seeds Lubatti and Smith (33) showed that the -rate of sorption
appeared to be governed by diffusion into the seed and greater sorption
occurred if seed were exposed to a constant concentration eof fumigant,
They suggested that the reason for greater sorption at increased moisture
content was greater permeability for fumigant entry, more free water
available for solubility of fumigant and greater chance for chemical
-reaction. Possible chemical reaction could occur with'disulphide bonds
or products of hydrolysis of glycosides.

Lewis (29) demonstrated that methyl bromide may react with sulfhydryl
groups and enzymes known to depend upon sulfhydral groups for activity
were irreversibly inhibited when exposed to methyl bromide. Most recent
evidence by Winteringham, Harrison and Bridges (54) and Bridges (2)
showed that methyl bromide sorbed by wheat under conditions of i‘mniga{;ion
underwent chemical decomposition with fermation of inorganic bromide and
a series of methylated derivatives. The protein fraction of wheat

accounted for 80 percent of the methylation and the methylation reaction
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was highly specific, being N-methylation of the imidazole ring of his-
tidine residues. This methylation of histidine produced the toxicity.
Cabb (8) lent support to this hypothesis by showing that the amount of
bromine present in the seed after fumigation had no bearing on germin-'
ation, Viable anbiyos one year after fumigation hé.da;263 parts per million
bromine, whereas before fumigation only traces were present.

Mechanism of Vapam toxicity is ﬁot well understood. The toxic sub-
stance appears to be methyl isothiocyanate, a decomposition product of
N-methyl .dithiocarbamate , but N-methyl dithiocarbamate has been shown
to bé toxic under certain conditions, The mode of action of methyl
isothiocyanate or N-methyl‘ dithiocarbamate is not'known. Respiration,

permeability and survival studies on Rhizoctonia solani have placed the

fumigant in a group of fungicides with non-specific toxic effects.
Wedding and Kendrick (52) suggested the mode of action is a reaction
with some constituent of the cell membrane that contains sulfhydral
groups in such é way .as to produce a physical change in membrane struc-
ture and alter or destroy its effectiveness as a barrier to either loss
of essential cell constituents or entry of the toxicant into the cell,
Legator and Racusen (28) determined that the toxicity of allyl
alcohol was due to an in vivo conversion of allyl alcohol to acrolein.
Allyl alcohol is an excellent substrate for alcohol dehydrogenase and
acrolein, the product of allyl alcohol oxidation, is a potent sulfhydral

reagent inhibiting any enzyme dependent on sulfhydral groups for activity.
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Seed Dormancy and Germination

| Thé use of s‘oil fumigation as an effective weed' control practice
requires a good understanding of the dormancy patterns of the major weed
species under field conditions. | V

Seed dormancy .s a major adaptation of annual weec_ls which permits

them to survive and flourish in spite of the many agronomic practices
designeii to favor the establishment of the crop., In temperate zones it
is a survival mechanism which prevents the fall germination of newly
matured seed of species which are not winter hardy. Dormancy may be
attributed to a number of biochemical, physiological and physical factors,
Only dormancy Apatterns relating directly to weed species used in this

study will be reviewed,

Dormancy with seed of Abutilon theophrasti was studied by LaCroix

and Staniforth (27) who showed that dormancy was maintained primarily by
impermeability of the seed coat to water and secondly by an inhibito.ry
system which may further prevent germination after water entry. Ter-
mination of dormancy was attributed to a complex series of physical and
chemical changes which resulted ulﬁimate]y in germination, Seed of

Abutilon theophrasti develop a thick-walled palisade layer which coms=

pletely encloses the seed except for a slit—shaped opening in the chalazal
region, The opening iIs covered by a‘cap of funicular tissue which closes
over the chalazal opening whgn the seed is in a moist environment. This
opening was found to be activated by changes in moisture conditions
external to the seed, however, tests showed that little or no moisture
entered ‘through the'chala.zal slit. Importance of the opening maybe in

loss of moisture during seed maturation and drying, resulting in seed
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coat rupture which terminates dormancy.
Nieto (35) found at least two mechanisms operative in the maintance

of seed dormancy in Setaria lutescens. One was conditioned by the

caryopsis, the otherv by the lemma and palea, Caryopsis dormancy was
terminated readily by the combination of low temperature and high mois=-
ture but seed a.f.‘ter-ripéned in this manner did not germinate appreciably
until lemma &nd palea were removed, Dormancy imposed by the lemma and
palea aﬁpeared to result from a combination of effects, iricluding inper-
meability to water, possible mechanical construction of the caryopsis,
and possibly inhibitors in the hull. Under natural conditions in the

field, a majority of Setaria lutescens seed were ready to germinate in

the spring following the year of maturation.

Evidence for the sequence of events involved in the termination of

seed dormancy in Polygonum pensylvanicum is incomplete. Woodcock (56)

in 1914 gave an excellent account of the morphology and anatomy of

certain Polygonaceae seed and suggested that in Polygonum articulatum

and Polygonum scandens the aleurene layer secretes an enzyme which cone-

verts the insoluble starch of the endosperm into a form available for
the germinating embfyo. Ransom (39) studied after-ripening requirements
for seed of several species of Polygonaceae. He found that seed of

Polygonum pensylvanicum treated for 5 months at 43°-48°F under saturated

conditions germinated 8l percent, whereas in dry storage no after-ripening
occurred, Justice (23) in a thorough study of dormancy with seed of

Polygonum showed that Polygonum pensylvanicum seed after-ripened in

water at 36°-39°F for periods of 3 to 36 months reached maximum germine

ation at 10 months and remained at this high level until termination of

t
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the experimentl. When the temperature was 148°-52°F the after-ripening
was not as complete and when temperature was alternated weekly between
48°-52%F and 64°~70°F essentially no after-riéening occurred, After=
ripening was more rapid with seed chilled in water rather than placed
between .layers of moist cotton, but the degree of after-ripening was the
same, In experiments with the pericarp removed the length of the afterw
ripening period was reduced from 2 to 8 weeks depending upon species.
Justice also}found that naked seed absorbed water at a greater rate
than intact seed the first few days, but after 13 days moisture per=
centaées were equal, Seed of most species showed a decrease in the time
necessary for after-ripening with increased age up to 18 months and seed
older than 28 months gave very low percentage of germination when after
ripened, Effect of overwintering of seed buried 10 cm and 1 cm showed
that seed buried at 1 cm germinated better than did thosg at 10 cm,

These differences varied between 15 percent for seed of Polygonum

virginianum and 80 percent for seeds of Polygonum pensylvanicum., Studies
of embryo dormancy revealed patterns of after-ripening both similar and
dissimilar to intact seed., Studies by LaCroix (26) also revealed this

complex system governing germination in Polygonum pensylvanicum. Embryo

dormancy and germination inhibitors appeared to be involved in an intri-

cate pattern of interactions which may result in varying degrees of

embryo dormancy in the presence or absence of overall seed germinability.
Seed germinability in the field the sbring following maturation was

reported to be very low by Witts (55). Polygonum persicaria, Polygonum

aviculare and Polygonum convolvulus had ki, L, and 3 percent germination,

respectively, over the entire growing season of 1957. The same seed lots
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in the greenhouse germinated 21, 11, and 1 percent, respectively.

Simmonds (hi) in a study of Pelygonum persicaria found evidence that

seed in soil may remain viable for 20-30 years. Aiso, seed that do
germinate in the spring are conditioned by low soil temperature and
saturation. Gas exchange may be limiting for after-ripeﬁing in case of
deeply buried seed or it may be that the generally higher temperature
with increasing depth in soil in winter is partly responsible.

Duvelts (13) experiment on the vitality of buried seed supports
the suggesiion that deeper burial enhances longevity of seed. Duvel
stated that seed are better preserved the deeper they were buried.
Tempera.tures were lower, less alternation in temperature oc;:urred, there
was a more uniform moisture percentage, and less oxygen present were all
favorable storage conditions. Duvelts experiment was started in 1902
and at that time none of the Poylgonﬁm pensylvanicum germinated, A
progress report by Goss (17) in 1921 and a final report by Toole (L49)

in 1946 showed that Polygonum pensylvanicum germinated four percent in

1918 and in 1932, two, one, and eight percent germinated at the 8, 22,
and h2 inch depths, respectively, and that no germination occurred after

1940, Seed of Abutilon theophrasti did not germinate until 1908 and

maintained 70 percent germination for about 26 years. In 1941 Abutilon
theophrésti seed impermeable to water had viability of 38 and L42 percent
at the 22 and 42 inch depths. Chepil (4) in his studies of the longevity,
periodicity ef germination, and vitality of seeds in soil demonstrated

that all seed of Setaria viridis in loam and sandy loam soils that would

germinate did so the spring following maturation. In clay soils almost

100 percent of the seed would germinate in the first year following
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niaturation but one percent or less continued to germinate for 5 years
follow;ng matﬁration. Chepil (5) concluded from his studies that for
séed possessing a relatively long period of dormancy, the deeper the
seed were buried in the soil the lower was the emergence of seedlings
and higher the number of viable seed. Seed possessing a relatively short
period of dorma.ncy,' depth of burial had little effect for if buried too
deep to emerge they soon lost viability anyway. Nieto (35) reported

dormant Setaria lutescens seed buried at 1, 2, L, and 6 inch depths in

" the fall attained maximum germination after 8 weeks., Results also indi=
cated that depth of burial was not critical., Germination tests were run
with lemma and palea removed.

In 1904 Waldron (50) reported maximum depth of emergence of green
foxtail to be 3 inches and that of wild oats 5 inches. Kirk and
Pavlychenko (25) in Canada reported wild oat emergence from a depth of

7 inches, King (2L) obtained seedling emergence of Setaria faberi from

9.5 to 12 cm, Dawson and Bruns (10) studied seedling emergence of barn-
yard grass, green foxtail and yellow foxtail and found in the field that
all three species emerged from all depths in the range of 0~5 inches.
Emergence was greatest from the 1 1/2 inch depth and fewest seedlings
emerged from the O and 1/2 inch depths. Greatest emergence in thé green=
house occurred from the 1 inch depth and barnyard grass and green foxtail

did not emerge from the 5 inch depth.
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MATERIALS AND METHODS

Experiments designed to evaluate the toxicity of soil fumigants to
dormant and non-dormant weed seed required ai‘ter-;ripening of weed..seed
in the field and laboratory techniques of ‘embryo culture, seed germin-
ation, and fumigation. Fumigants used were Vapam, methyl bromide, allyl
alcohol, and propylene oxide, Although propylene oxide is not'us'uall\y
considered a soil fumigant, it was included because of it widespread

use in sterilizing and killing seed in the laboratory. Seed of Abutilon

theophrasti, Setaria lutescens, Setaria faberi, and Polygonum pensylvan-
icum were used in this. study. Seed of the several experimental species
were harvested from wild populations and stored at approximately LO°F
until used., Seed lots were designated by year of harvest. The term
seed henceforth will be used in a general sense to indicate plant

propagules such as seed, spikelet, and achene,

Gerniination Tests
Two filter papers were. placed in the bottoms of standard petri
dishes (9 cm diameter). The paper was moistened with 5 ml distilled
water and the seed distributed uniformly on the surface of the paper';
Germination tests ran for 10 days at 86°F in the dark., Germination

‘tests for Polygonum pensylvanicum were allowed to run for 26 days, the

time required for maximum germination, but in no tests did the germination
increase over that obtained in 10 days and they too were subsequently
terminated after 10 days. Germination counts were made at 2, 5, and 10

days after placing in the germinators., Germination is defined for the
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purpose of this study, as that stage of growth when the radicle and
epicotyl were 1 cm or more in length., At this stage of growth it was
evident that a seedling would develop. Whenever possible, germinability

of Setaria lutescens seed was determined with lemma and palea removed

and with seed of Abutilon theophrasti and Polygonum pensylvanicum by

removal of seed coat and fruit coat, respectively, 'Growth of isolated
embryos was also used as a measure of the germination potential and

viability of seed lots,

| Embryo Culture Technique

Seed coats of Abutilon theophrasti and Po}ygpnurd pensylvanicum were
removed by cutting through the ceat around the seed peripher& with a

razor blade. Lemm2a and palea of Setaria lutescens were removed using a.

dissecting needle and razor blade., Prior to embryo excision caryopsis

or seed was soaked in water for 2 to L hours to facilitate removal of

the embryo, Scalpels and forceps were dipped in 50 percent ethyl alcchol
and flame sterilized prior to use. Embryo isolations were done under a
dissecting microscope at 5K magnification. Isolated embryos were surface
sterilized in calicum hypochlorite solution for 1 to 2 minutes and tﬁen
rinsed in sterile distilled water. All manipulations were carried out

in a transfer chamber to minimize contamination. Deionized water, used
in preparation of culture media, was obtained by passing.distilled water
through a Barnstead demineralizer. Reagent grade chemicals were used in
preparation of media. Embryos were cultured on a semi-solid culture
medium, based on that described by Rappaport (4O) with some modifications.

Since embryos from non-dormant seed grew normally on this medium no
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é.dditional modifications of the media were utilized, The following stock

solutions were prepared:

Stock solution A

Ca(NOB)'Hgo 23_e6 g
KOs 8.5 g
KC1 6.5 9
Hy0 to 500 ml
Stock solution B | . ,

NaH, PO}, *H,0 135 g
MgSO), 3.02 g
HnSO), +HaO 6 g

Hp0 to 250 ml
Stock solution C (

A chelated form of iron was prepared using the »method of Jacobson
(22). The ethylene diamine tetra-acetic acid was obtained from Eastman
Chemical Company. One milliliter of the solution provided five parts
per million of iron in one liter of nutrient medium,

Basic medium was prepared according to the following schedule:

l. 20 g sucrose was added to 1 liter of water, and the solution

was brought to a boil,

2. With constant stirring, 8 g of agar (Difco Special Noble) was
added slowly, and the mixture boiled uﬁtil the agar was com-
pletely in solution.

3. The solution was allowed to cool; then 5 ml of solution A,

2.5 ml of solution B, and 1 ml of solution C were added.
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L. The medium was poured into embryo culture flasks and auto-

' ¢laved for 20 minutes at 15 1b. pressure.

After-ripening in the Field

1963 seed of Setaria lutescens and Polygbnum pensylvanicum were

buried in Clarion<Webster loam on November 16, 1963, Approximately 500
seed of each species were placed in a 2x2x2 inch wire basket and buried
at three depths 1, 3, and 6 inches. Seed were élso placed on the soil
sﬁrface with the wire basket inverted over them,., Four baskets, one for
each depth, were placed together stepwise in the soil, Four replicati&ns '
with 32 sites, four baskets af. each site, were used. Half of these sites
were covergd with clear plastic in such a manner as to allow air movement
but keep precipitation off the seed and the other half were exposed to
natural field}conditions. At two week intervals beginning December U,
four dry and four wet (natural conditicns) sites were excavated and seed
tested for germination, viability, susceptibility to fumigation, moisture

content, and rate of water uptake,

Fumigation
Fumigation treatments involved placing petri dishes with covers
removed in wide~mouth one gallon jars, the fumigant added in the proper
amount, and containers placed for the duz:ation of treatment in a con-
trolled temperature chamber. After fumigation the jars were vented and
petri dishes removed. The seed were exposed to air for 2 to L hours
before placing in germinators.

Neoprene gaskets were placed inside the jar covers and two 3/8 inch

copper tubes were soldered on the covers so that they extended 1 inch
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above and below the cap. Tygon tubing was fitted over the copper tubing
on the outside and closed with a crew clamp to cbtain a tigﬁt seal. A
piece of polyethylene with a hole in the middle was placed over the
mouth of the jar and the cap screwed tight. This additional gasket
helped to obtain a better seal between the cover and the mouth of the
container, A piece of cheesecloth was wrapped around one copper tube
extending into the container and tied in place. When the material was
'injected into the jar, it would first be absorbed on the cloth,. and then
allowed to vaporize inside the jar.

It was feasible to inject Vapam, propylene oxide and allyl alcchol
with a pipette, however, for methyl bromide a modified version of a
Jiffy applicator was designed. Details and special procedures of the

various experiments will be included in the presentation of results.
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RESULTS FROM STUWDIES OF FUMIGANT
TAKICITY TO ANNUAL WEED SEED

The present investigation was directed mainly to an evaluation of
the toxic effects of several soil fumigants on dormant and non-dormant
seed of selected annual weed species., Seed were obtained either from
stocks harvested and stored at WOF, or from seed after-ripened under
field conditions and washed from soil samples prior to exposure to soil
fumigants. Additional variables were fumigants, fumigant concentratiens,
exposure times i_‘pr seeds, temperatures during fumigation, and moisture
content of weed seed, A further aspect of the study included a prelim-
inary attempt to characterize weed seed viability and dormancy under-
field conditions from early fall, through winter and into late spring

and early summer.

Toxicity of Soil Fumigants to Stored Weed Seed

Several seed lots of the species studied were available, 'Seed had
been harvested from wild populations in 1963, and in prior years, and

Stored at LOOF, Both dormant and non-dormant seed were avai lable gen-

erally, though not always, for Abutilon thzophrasti, Setaria lutescens,

Setaria faberi, and Polygonum pensylvanicum. Dormant seed of Abutilon

theophrasti have a thick seed coat impermeable to water and to gas
transfer according to Winter (53). Dormancy in seed of Polygonum pen-
sylvanicum has been considered by LaCroix (26) and Justice (23) as main=
tained by germination inhibitors in the seed coat and by dormant embryos'.

Nieto (35) found seed of Setaria lutescens to have at least two mechanism

responsible for dormancy, one maintained by lemma and palea and one by
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the caryopsis'. Seed lots were not identified as to year of harvest, but
described as. dormant or non~dormant. Petri dishes placed in fumigation
chambers contained 50 seed on dry filier paper. Experiments were con-
ducted at 68°F for the duration of exposure to the fmﬁigant unless other-
wise stated‘. Concentrations of the several fumigants were expressed in

milligrams of fumigant per liter of air.

Fumigant concentration

Dry and moist seed were exposed to various concentrations of fum/i-
gants in fumigation chambers to determine the concentration which was
toxic to seed, as measured by failure to germinate or loss of viability.
Dry seed were those which had been air dried at maturity and stored at
LOOF. Moist seed were obtained by placing seed on moist filter paper
for a period of time to allow absorption of water such that the water
contént was ébove 15 percent. The moist condition implies that seed
were wet on the surface, but does not reflect necessarily a change in
the moisture percentage of the caryopsis or endosperm. Seed were exposed
to fumigants for 2l hours in these studies.

Data presented in Table 1 illustrates the effect of concentration

level of Vapanm, propyléne oxide, and allyl alcohol on the germination of

non=dormant seed of Abutilon theophrasti, Setaria lutescens, and Setaria
faberi. As concentrations in milligrams of fumigant per liter of air
were increased, germination of weed seed was reduced. The importance
of moisture content of seed was evident with all fumigant treatments.

The effect was most pronounced on seed of Abutilon theophrasti fumigated

with Vapam and propylene oxide. Allyl alcchol was the most toxic of the
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Table 1. Germination percentages of non-dormant moist and dry intact
. weed seed fumigated with Vapam, propylene oxide, and allyl
alcchol for 2l hours at 68°F

Species and seed condition

c trati Abutilon Setaria Setaria

gff‘cf.“;n’i’gangn theophrasti lutescens Taberi

mg/1 . Moist Dry Moist Dry Moist Dry
- Vapan

1900 0 58 0 0 0 0
950 0 6ly 0 0 0 0
320 b 62 0 0 0 0
160 0 .62 0 0 0 0
80 0 b2 N 22 3 21
32 2 52 9 37 12 L3
16 0 - 68 21 69 30 61

0 68 8l 83

propylene oxide

1400 1 54 0 0 0 0
700 1 62 0 0 0 0
230 0 56 0 0 0 0
116 N 57 1 0 0 1
58 9 57 h 18 1 30
11.6 5 62 76 89 53 82
2.3 6L 60 83 88 85 83
1.2 __ 60 66 86 86 85 82

0] 60 8ly 83

allyl alcohol

58 0 0 0 0 0 0
23 ' 0 0 0 0 0 0
11.6 0 2 0 0 0 0
2.3 38 L7 Lo 73 52 79
1,2 61 L9 L5 91 Sh 80
.23 3L Lo L1 83 60 76

0.0 65 86 7
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three fumigants tested on seed df Abutilon thedphrasti followed by

propylene oxide and Vapam in brder of decreasing toxicity. Methyl bro=-

mide was taxic to both moist and dry seed of Setaria lutescens and

Setaria faberi down to 235 mg/1, the lowest concentration which could

be measured accurately with }the applicator used. Exposure of Abutilon
theophrasti seed to methyl bromide showed that moist seed were killed
‘but dry seed were not injured with any of the concentrations used.
Effect of fumigation on dormant seed was determined either by the
germination of caryopses with seed coats removed or by the growth of
isolated embryos on nutrient medium. Results are summarized in Table 2.

Dormant seed of Abutilon theophrasti were not killed by methyl bromide,'

Vapam, and propylene oxide even at the highest concentrations used; allyl
alcohol, however, reduced germination at a concentration of 11.6 mg/1.

Moist, non-dormant seed of Abutilon theophrasti were killed by exposure

to methyl bromide, Vapam, and propylene oxide at concentrations much

below those tolerated by dormant seed of Abutilon theophrasti. The

toxic concentration of allyl alcohol was. the same for both dorma.it and
non-dormant seed. Concentrations of allyl alcohol and methyl bromide

lethal to non-dormant seed of Setaria lutescens also killed dormant seed.

Dormant seed of Setaria lutescens exposed to Vapam and propylene oxide

appeared less susceptible than non-dormant seed. Later results suggested,
however, that this was due probably to removal of the caryopses right
after fumigation. An experiment in which germination was determined on
caryopses removed after fumigation showed that both dormant and non~

dormant seed of Setaria lutescens responded alike to each fumigant.,

Dormant seed of Polygonum pensylvanicum were killed with all levels of
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Table 2. Germination percentages of embryos isolated from meist and dry
dormant seed of Abutilon theophrasti, Setaria lutescens and '
Polygonum pensylvanicum following exposure to Tour fumigants
for 2l hours at GOOF

Concentration Germination percentages
of fumigant embryo from seed
Species Fumigant mg/1 Moist Dry
A. theophrasti none 0 97 98
S. lutescens none 0 80 80
P. ‘pensylvanicumn none 0 75 80
A. the hrast:. Vapan 1900 96 98
A. theo : 950 97 93
A. theo ast 320 100 9
S. IuEescens 1900 75 70
3. Tutescens 950 80 75
P. pensylvanicun 1900 70 65
P. pensylvanicun 950 10 60
A. theo ti allyl alcohol 116 0 0
b et 1146, 0 38
A. theophrasti 2.3 Sl 92
I. 'EE"EF—EE:-:-TT“ ast 1.2 92 92
A. theophrasti 23 100 9
S. Tutescens 11.6 0 0
3. lutescens 1.2 80 75
F. pengyi'vanicwn 23 7 0
P. pensylvanicum 11.6 25 0
P. pensylvanicum 2.3 60 55
A. theophrasti methyl bromide 2800 9l 96
1. theophrasti 470 98 90
. Jlutescens 235 0 0
P. pensylvanicum 235 0 0
A. theophrasti propylene oxide 1400 88 98
A. the asti 230 98 90
S. Tutescens 700 0 0
S. Iutescens 6 Lo 85
P. pensylvanicum 700 0 0
P. pensylvanicum 230 0 0
P. pensylvanicum 116 0 0
P. pensylvanicum 11.6 0 0




- 28

metfwl bromide, propylene oxide, and with the higher concentrations of
allyl alcohol, but were not affected by fumigation with Vapam. No seed

of nonedormant Polygonum pensylvanicum were available for testing.

Seed moisture

Moisture content of seed during fumigation has been reported to have
a pr@rg.ounced effect on susceptibility to fumigants. Greater moisture
content enhances fumigant absorption, chemical reaction and movement of
the fumigant into the seed., Two 'ﬁethods were employed to cbtain seed in
various moisture conditions; in one seed were stored at various levels
of relative humidity and in the other seed were placed on moist filter
paper for varying periods of time. Moisture content was determined by
drying at 104° C for 48 hours., The technique of using relative humidity
chambers was of limited value because significant changes in moisture
content were obtained only after long periods of time at 100 percent
relative humidity. These lengthy storage times permitted growth of fungi
and resulted in very uneven absorption of water by individual seeds.
Placmnent. of seed on moist filter paper as a means of increasing moisture

content was of limited value for Setaria lutescens and Setaria faberi

but proved most effective for seed of Abutilon theophrasti. In this

species water was absorbed fairly uniformly by seed coat, endosperm, and

embryo. For this reason seed of Abutilon theophrasti were used in sub=

sequent studies of the relationship of seed moisture content to observed

fumigant toxicity. Results observed with seed of Abutilon theophrasti

exposed to the several fumigants, summarized in Figure 1, illustrated

the relationships between moisture content of seed and susceptibility to
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Figure 1, Germination of seed of Abutilon theophrasti following
exposure to 950 mg/l Vapam, 700 mg/1 propylene oxide, or

470 mg/1 methyl bromide at various seed moistures for 2l .
hours at 680 F
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fumigation., Each fumigant demonstrated a different pattern of toxicity

as seed moisture varied. Allyl alcohol was extremely toxic and killed

Abutilon theophrasti seed at moisture percentages down to five percent,

the air dry condition. Effectiveness of propylene axide increased grad-
ually over the range of 5 to 42 percent moisture in the seed. Vapam

killed seed of pbutilon theophrasti at moisture levels of 17 percent and

above and gradually decreased in effectiveness as moisture percentage
decreased to around five percent. V;.pam toxicity was increased over a
range of 13 percent, while that of propylene oxide extended over a range
of 36 percent., Methyl bromide showed a gradual increase in toxicity
between five and nine percent moisture and than & very sharp increase
between nine and ten percent where almost 100 percent kill resulted.
Critical moisture content or that moisture percentage at which fumigation
had a markédly different effect on moist and d.ry seed, for the four i‘umi-

gants on seed of Abutilon theophrasti was approximately 9.5 percent for

methyl bromide, none for allyl alcohol and over a range of from ten
percent and up for Vapam and propylene oxide.

Setaria lutescens and Setaria faberi seed sorbed water so rapidly

that in 1 hour the moisture content was high enough to give large dif=-
ferences in germination following fumigation of moist and dry seed. It
was difficult in such a short time to obtain an accurate measure of the
moisture content of the seed sample, .Uniform drying of seed prior to
weighing with the small amount of water involved and uneven water sorption
were the main difficulties encountered. The most reliable estimate of a
crit‘ical moisture content was 9 to 18 percent depending upon the fumigant

uSed.
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Importance of water vapor in the soil atiosphere during ftmigation
was investigated by exposing dry seed in different conditions of relative
hwnidity‘. Seed were fumigated for 24 hours in closed containers with |
relative humidities of 25, 50, 87, and 100 percent cbtained with solutions

of glycerol and water prepared according to Washburn (51, p. 291). Ger-

mination percentages of dry seed of Abutilon theophrasti, Setaria
lutescens, and Setaria faberi fumigated at different relative humidities

are summarized in Table 3. Concentrations of the fumigants used were
those known to be toxic to moist seed and not to dry seed. Seed of

Setaria lutescens fumigated with Vapam showed greater germination at

25 and 50 percent relative humidities than at 87 and 100 percent where
almost camplete kill occurred. Seed of Abutilon theophrasti and Setaria

faberi fumigated with Vapam did not show a response to the different
relative humidities. Toxicity of allyl alcohol, methyl bromide, and

propylene oxide to seed of Abutilon theophrasti, Setaria lutescens, and

Setaria faberi was not altered by different relative humidities as meas-

ured by germination of these weed species. Moisture content of seed
after treatment was not determined and the effect of a wetting or drying
action may be a factor in the dbserved results, The increase in germin-

ation observed at 25 percent relative humidity for Abutilon theophrasti

fumigated with Vapam or propylene oxide may be the result of a drying
action, which fractured the seed coat in the chalazal region and

terminated doﬁnancy.
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Table 3. Germination percentages of seed of Abutilon theophrasti, Setaria
lutescens, and Setaria faberi exposed for 24 hours at 68°F to
four Tumigants under various.conditions of relative humidity

Concentration
of fumigant Weed Percent relative humidity -
Fumigant mg/1 species —25 50 87 100
Allyl :
alcohol 116 A, theophrasti 0 0 0 0
2.3 . Tutescens 0 0 0 0
2.3 S. faberi o o o0 0
mmice b | % 54 58 S
bromide 70 A. theophrasti 5 9
235 3. T_L—utescens 0 0 0 0
235 S. faberi 0 0 0 0
Propylene :
oxide 700" A, theophrasti 7 71 7 - 72
28 S Totees— 2 o0 o %
5 S. Taberi o o o0 2
Vapam 950 A. theophrasti 76 7 68 66
32 S. Tutescens 10 2l 18 2
32 S. Taberi 0 0 5 6
Exposure time

Effect of length of exposure of seed to fumigants was investigated
using moist and dry seed of Abutilon theophrasti, Setaria lutescens, and

Setaria faberi.. Seed coats were removed to assess their effect in mod=-

ifying the length of exposure requiréd for maximum fumigant toxicity.
Exposure periods to the various fumigants were chosen on the basis of
previously determir_xed toxicity patterns.

Germination percentages fpllowing different exposure periods to

Vapam are presented in Table L. Moist or dry Setaria lutescens seed
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Table L. Germination percentages for moist and dry seed of four species
exposed-for various periods to 950 mg/l Vapam at 68°F

Seed : Exposure time in minutes
Species condition O 15 30 60 180 360 720 1o
Setaria
lutescens dry 30 28 20 20 18 4 1 0
‘moist 30 32 18 6 10 1 0 0
Setaria .
~faberi dry 772 74 7 32 L4 2 0
noist 77 80 T8 176 12 7 0 0
Abutilon
Eﬁeogﬁrasti moist 86 88 80 176 20 0 0 0
~ Seed coat
removed
dry 100 100 100 100 100
noist 100 90 90 30 0
Polygonum
pensylvanicum
Seed coat
removed
dry 80 80 70 ko 30

moist 80 50 30 30 10

showed 2 similar decrease in germination as exposure time to Vapam was

increased. Moist or dry seed of Setaria faberi were not injured with a

1 hour exposure but showed a sharp decrease in germination with exposures

of 3 hours, Vapam did not kill intact seed of Polygonum pensyivanicum

with exposures of up to 7 days. When seed coats of Polygonum pensylvan-

icum were removed a reduction in germination after a 30 minute exposure

to Vapam was observed, but only with moist seed. Dry, non~dormant
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Abutilon theophrasti seed were not killed after 7 days exposure.to Vapam,

but moist seed were killed with exposures of 3 hours. With seed coats

removed, moist seed of Abutilon theophrasti showed a‘progressive decrease

in germination and were killed after 3 hours exposure, but dry seed with
seed coats removed showed no effect of fumigation after 3 hours. Dormant

seed of Abutilon theophrasti exposed to Vapam for 1l days were not killed

as measured by germination with seed coats removed.
Taxic levels of methyl bromide produced a very répid killing action.

Fumigation of moist intact seed of Setaria lutescens and Setaria faberi

and Abutilon theophrasti and Polygonum pensylvanicum with seéd coats

removed showed almost complete kill in 15 minutes. Germination of dry

seed of Polygonum pensylvanicum and Abutilon theophrasti exposed, with

seed coats removed, was not affected after exposures of 3 hours to methyl

bromide. The variation in results obtained with seed of Setaria lutescens

fumigated for 15 s 30, and 60 minutes is not explained readily from the
data obtained, however, the same patterns occurred in three experiments
with two replications in each, Table 5 summarizes data on length of
exposure to methyl bromide.

Germination data for seed fumigated with allyl alcohol are presented
in Table 6. All seed were killed after exposures of 30 minutes to allyl

alcohol. Dormant seed of Abutilon theophrasti and Polygonum pensylvanicum

exposed to allyl alcohol for 1 hour or less showed limited germination

but all é.eedlings were necrotic, With seed coats removed, moist Abutilon

theophrasti seed were killed after exposure of 5 minutes and dry seed
were killed after exposure of 10 minutes to allyi alcohol. The same .

toxicity patterns occurred with moist and dry intact Abutilon theophrasti
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Table 5. Germination percentages for moist and dry seed of four species
exposed for various periods to 470 mg/l1 methyl bromide at 680F

Seed ‘ Exposure time in minutes
Species condition ) 15 30 60 180
Setaria
Tutescens dry 30 ks 33 L6 2 .
‘ moist 30 9 L 1k ‘0
Setaria
faberi dry - 82 80 82 80 23
moist 82 12 L 0 0
Abutilon
theophrasti moist 8l 80 68 hh 2
Seed coat
removed
dry 100 100 100 100 100
noist 100 4] 0 0 0
Polygonum
pensylvanicum
Seed coat
removed
dry 70 70 70 35 60
moist 70 20 10 0 0

24

seed. Setaria lutescens and Setaria faberi seed were less susceptible
and were not killed with exposures of less than 15 minutes, Moist seed
were not as susceptible as dry.

Germination data for seed exposed to propylene oxide for short
periods reflected the same general pattern of toxicity observed previously
with this fumigant§ a progressive increase in taxicity with increased

exposure times. These data are summarized in Table 7. When seed coats
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Table 6. Getmiﬁation percentageé for moist and dry seed of four species
exposed for various periods to 115 mg/l allyl alcohol at 68°F

Seed Exposure time in minutes
. Species . condition O § 10 15 30 60 180

Setaria
Tutescens dry - 5 Wy 37 36 0 0
- moist k5 50 W3 38 0 0

Setaria . '

~ Taberi dry 78 69 0 0 0 0 0
- moist 7 82 .Th 6k 0 0 0

Abutilon |

“theophrasti dry = 86 92
moist 86 L

= Co
O
o
o
o

dormant® 100 100 2 60 0] 20

Seed coats
renoved

100 100 0 0 0 0
moist 100 0 0 0 0 0

PoMonum :
pensylvanicum dormant® 70 LO 30 0 20 0
Seed coats
removed
dry 70 30 0 0 0 0

moist 70 0 0 0 0 0

%ermination of excised embryo.,

were removed from moist seed, Polygonum pensylvanicum and Abutilon

theophrasti showed a rapid decrease in germination after exposures of

15 minutes. Germination of dry Setaria faberi seed was quite variable

following exposure to propylene oxide; the data presented are
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Table 7. Germination percentages for moist and dry seed of four species
exposed for various periods to 700 mg/l propylene oxide at 68°F

Seed Exposure time in minutes
Species condition 0 15 30 60 180 360 730
Setaria
Tutescens dry kw ko 38 36 Lk 26 0
moist 4o 12 12 0 0 0 0
" Setaria ' . ,
~ faberi dry 82 88 26 L 10 0 0
I moist 82 10 N 0 0 0 0
Abutilon
tﬁeogﬁrasti moist 87 96 92 76 35 0
Seed coats
removed
dry 100 100 100 100 100
moist 100 20 0 0 0
Polllgonum
pensylvanicum
Seed coats
removed
dry 7% 70 9 50 Lo
moist 75 0 0 0. 0

representative of the results observed, Variability may have resulted

from a stimulation of germination following sub-lethal exposure periods

to toxic concentrations of the fumigant.,

These short periods varied

between 30 and 60 minutes depending upon seed condition. Possible stim-

ulation of seed germination with various exposure times was evident in

the data summarized for the other fumigants.
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Tm erature

Effect of temperature.on toxicity patterns of fumigants was measured

by germination of non-dormant seed Setaria lutescens, Setaria faberi,

- Abutilon theophrasti and dormant seed of Abutilon theophrasti and

Polygonum pensylvanicum after exposure of 24 hours at 50°, 68°, and

86°F, After release of the fumigant into the fumigation. chamber, the
chambers were stored at the appropriate temperature for the 2j hour
exposure period. Initial tests run with high concentrations of fumigants
showed no effect of temperature on fumigant toxicity over the range of
50° to 86°F. A second experiment was conducted using minimum toxic
concentrations of the fumigant to moist seed at 68°1;‘ with the possibility
that in a 18°F change the fumigant would become toxic to both moist and
dry seed or neither. Table 8 summarizes the data on effect of temperature
to fumigant toxicity. With lower concentrations there was no temperature

effect on toxicity except for Setaria faberi seed fumigated with Vapam

at 86°F and seed of Abutilon theophrasti and Setaria lutescens fumigated

with propylene oxide at 86°F. Experiments also were conducted with
length of exposure to fumigants as a variable, inclusive results were
obtained. With exposure times of 2 hours to methyl bromide the effect
of temperature on toxicity was demonstrated., Moist seed of Setaria

lutescens and Setaria faberi were killed uniformly at 50°, 68° and 86°F,

but dry seed revealed an increase in toxicity with an increase in

temperature. Toxicity of methyl bromide to dry seed of Abutilon theo=-

phrasti was not affected by temperature and results with moist seed
suggested an increase in fumigant toxicity with increase in temperature.

Germination percentages with methyl bromide toxicity response to
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Table 8. Germination percentages of moist and dry seed of Abutilon
theophrasti, Setaria lutescens, Setaria faberi, and Polygonum
pensylvanicum exposed for 24 hours to three fumigants at
three temperatures o

Tmpérature in degrees F

Concn. 500 680 860
Fumigant  mg/l Species moist dry  moist dry meist dry
None 0 A, theophrasti 63 68 58
0 K. Theophrastl
- T‘B"‘_)"domant 100 100 100
0 S. lutescens 68 68 68
0 8. faberi 89 91 88
0 P. pensylvanicum (] 75 7%
Vapam 950  A. theophrasti 0 60 0 6k 1 L3
;.6 % theophrasti - 62 57 55 58 b8 61
™ “(dormant) - - 97 99 100 84
950 S, lutescens 0 0 0 0 0 0
16 3. Tutescens 15 37 i 21 27 15
950  §. Taberi 0 0 0 0 0 0
16 3. faberl 27  3h 9 Lo 13 1k
950  P. pensylvanicum - - 10 60 0 4)
Propylene ' : ) .
oxide 700 A, theophrasti 7 1 62 0 L6
11.6 & Mlﬁ'_ﬂ'og as 63 50 58 63 53 W1
700 A. theo 1
ormant - - 88 98 100 72
700 S. lutescens 0 2 0 0 0 0
11.6 3. Tutescens 8o 88 89 80 ol 8k
700 S. Taberi 0 0 0 0 0 0
11,6 § faberi 76 63 76 72 77 69
700  P. pensylvanicum - - 0 0 0 0
Allyl
alcohol 23 é‘. theophrasti 60 50 50 hO Sg 0
1.2 A. theophrast 7 0] 3 9 53
23 K. theophrastl ' '
' zdomanti 0 0 0 0 o 0
23 S. lutescens 0] 0 0 0 0 0
1.2 S. Tutescens 8 69 61 178 h 68
23 8. faberI 0 0 0 0 0 0
1.2 S, Taberi 76 63 76 72 77 69
23  P. pensylvanicm O 0 0 0 0 0
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Table 9, Germination percentages of moist and dry seed of Abutilon
theophrasti, Setaria lutescens, and Setaria faberl exposed
Tor 2 hours to L0 mg/l methyl bromide at three temperatures

Temperature in degrees F

500 - 689 86°
Species moist dry moist dry moist dry
A. theophrasti sh 68 2k 67 b3 62
S. lutescens - 0 sh 0 L9 0 31
S. faberi | 0o 69 o 60 o .38

temperature are summarized in Table 9.

Toxic action of Vapam

In all experiments intact seed of Setaria lutescens did not ger-

minate following exposure to Vapanm. However , the excised embryos or
the intact caryopses from these seed germinated normally. Experiments
then were designed to investigate the physical condition of the seed
when the embryo was killed by fumigation with Vapam. Moist or dry seed

of Setaria lutescens were exposed for 2l hours to a medium concentration

of Vapam (950 mg/1). Immediately after fumigation, experimental seed
lots were handled as follows; lemma and palea removed from caryopses,
lemms. and palea were clipped at one end and left on the caryopses, and
one lot was left intact. Germination percentages for each of the three
experimental lots were determined as follows: (1) immediately after
fumigation, (2) after a period of dry storage in the laboratory, and

(3) after storage under conditions for optimum germination of untreated
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Table 10, Germination percentages of seed of Setaria lutescens exposed
to 950 mg/1 Vapam for 2l hours, followed by storage for periods

of time
. Germination percentages for
Seed manipulation days following fumigation
and storage : 0 L 7 10 13 25 50
Intact seed, stored dry 5 0 0
Lemma and palea clipped, stored dry 7 O 0

Lemma and palea removed after _ ‘
exposure, stored dry % 65 72 72 60 75 178

Lemma and palea removed at time
of germination test from intact _
seed, stored dry 100 88 92 20 50 65

Lemma and paleza removed at time

of germination test from intact

seed, stored under germinating

conditions 3 5 0 0 o0

Lemma and palea removed at time

of germination test from seed

with lemma and palea clipped,

stored dry 9% 90 8 75 75 60

Lemma and palea removed at time
of germination test from seed with
lemma and palea clipped, stored
under germinating conditions 50 25 35 0O O

seed. Results are summarized in Table 10. Imediately following fumi-
gation, germination percentages of seed from lots left intact or with
lemma and palea clipped were low, but in lots with lemma anci palea
removed no decrease in germination was observed. Four days after fumi-
gation eiperimental lots, left intact or with lemma and palea clipped,

and stored under germinating conditions had a high percentage of dead
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embryos. When stored dry, however, caryobses of intact or clipped seed
showec_i high germination percentages. When lemma and‘palea were removed
immediately after fumigation and the caryopses stored dry no reduction
in germination was observed after 50 days. Caryopses of intact and
clipped seed stored dry showed the ‘same response as caryopses alone,
Intact and clipped seed stored under germinating conditions showed
decrease in germinability of caryopses for about 25 days when all were
dead. Viability of seed was. determined by excision and culture of embryos
and was supplemented with tetrazolium tests. Further experiments were
conducted to determine the susceptibility of the caryopses alone and
embryos alone when exposed to fumigation. The embryo was killed readily
by fumigation with Vapam but the caryopsis showed only a partial reduc-

tion in germination when fumigated with Vapam under dry conditions.

After-ripening of Polygonum pensylvanicum

and Setaria lutescens Seed in the Field

Seed produced by Setaria lutescens and Polygonum pensylvanicum are

dormant generally when matured. This dormancy may be maintained for
extended periods when the seed is stored dry, at cool temperatures.
Nieto (35) reported that low temperature stratification in the laboratory

usually terminated dormancy in Setaria lutescens. Moderate success with

similar technique with Polygonum pensylvanicum has been reported by

Justice (23). After-ripening under natural conditions in the field
during fall and winter normally results in germination and seedling

. development the following spring.

This study of after-ripening patterns of seed of Setaria lutescens
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and Polygonum pensylvanicum presents a preliminary assessment of weed

seed dormancy and germinabiliﬁy under field conditions during the period
from early fall to early summer of the next season. Depth of seed place=
ment in the soil, soil temperature, and soil moisture investigated as
possible factors bearing on termination of dormancy in these species.
Relationships of these factors to viability, germination and seedling
emergence in the field, and susceptibility to fumigation during the
after-ripening process also were e)cp;ored. Incomplete germination of
intact seed, which germinated freely with seed coats removed, led to
studies of the possible role of seed coats as physical barriers to
germination or as sites of natural germination inhibitors.

Mature seed of Setaria lutescens and Polygonum pensylvanicum from

1963 seed lots were dormant at time of placement in soil, Isolated
embryos cultured on suitable medium germinated 80 and 100 percent,
respectively indicating no embryo dormancy. Caryopses of Setaria
lutescens did not germinate under laboratory conditions. Dormancy in

Polygonum pensylvanicum appeared to be conditioned by the seed coat

since 80 percent germination occurred when seed coats were removed., Data
are sumarized in Table 11 for the germination of the seed lots prior to

placement in field soil in November, 1963,
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Table 11, Germination percentages and moisture content of 1963 seed of
Setaria lutescens and Polygonum pensylvanicum prior to burial
al various depths in the field

Moisture Germination percentages
Weed percentage Intact Isolated Seed coats
species of seed seed embryos removed
Setaria
Tutescens 9.4 0 80 0
Polygonun
pensylvanicum 9.2 0 100 80

Dormancy studies

Freshly harvested, 1963 seed of Setaria lutescens and Polygonum

pensylvanicum were extremely dormant. Tests of these seed lots indicated

that the seed coats or the lemma and palea inhibited germination. Data,
presented in Table 11, illustrate the effect of the seed coat removal on

germination of Setaria lutescens and Polygonum pensylvanicum, The effect

of the seed coat in preventing germination of intact seed of Setaria

lutescens and Polygonum pensylvanicum suggésted a possible role of

inhibitors in the seed coat. This was investigated by leaching experi-
ments, using cold water in the closed recirculating system described by
LaCroix (26).

Germination percentages of Setaria lutescens and Polygonum pensylvane-

icum after leaching are summarized in Table 12, Leaching in cold water
for 48 hours did not increase germination of intact seed of either

species, For seed of Setaria lutescens, with lemma and palea clipped

before leaching, with lemma and palea removed before leaching, or with
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Table 12, Germination percentages of seed of Setaria lutescens and
Polygonum pensylvanicum following cold water leaching

Setaria lutescens Polygonum pensylvanicum

Seed Leaching time in hours Leaching time in hours
condition 0 u8 0 48
Intact seed 0 0 0 0
Seed coat clipped 0 6 6 T
Seed coat removed

after leaching 0 11 80 83
Lemma. and palea

removed before leaching 0 17

lemma and palea removed after leaching only a slight increase in germine-

ation was observed, compared with intact seed. Seed of Polygonum pen~
Sylvanicum showed no increase in germination following cold water

leaching. Dormancy of Polygonum pensylvanicum was associated with the

seed coat since germination proceeded freely after the seed coat was

removed. When the water leachate from 100 seed coats of Polygonum pen-

Sylvanicum was used as the moisture'source for 100 seced with seed coats
removed a reduction in germination was observed. The reduction was not
large and the possxbility of seed coats acting as a nechanical restric-

tion to germination in Polygonum pensylvanicum remained. Egc_periments

were conducted in which the seed coat was completely cut around the
periphezy with the endosperm remaining between the two halves and a
second experiment was run in which the seed coat was cut around the

periphery mccgpt for a very small portion. Results from both these
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Table 13, Germination percentages of seed of Polygonum pensylvanicum
water leachate used as moisture source or with seed coats

removed or clipped

Seed

condition _ Germination percentage
Seed coat removed, no leachate added 6l
Seed coat removed, leachate added 39
Seed coat cut completely around periphery 28
Seed coat cut most way afound periphery 23

experiments, presented in Table 13, indicated that failure to germinate

was not due to mechanical restriction.

Germination studies

Sampling techniques and germination methodolegy, described previ-
ously, were used in following the changes in germinsbility of Setaria
lutescens and Polygonum pensylvanicum seed during after-ripening in the

field, Table 1l summarizes the germination percentages of Setaria

lutescens and Polygonum pensylvanicum seed sampled from the field during

the winter of 1963-6L. With seed of Sstaria lutescens there was little

change in the dormancy condition during the first 8 weeks of after-
ripening in the soil. Germination of seed from the 6 inch depth in dry
soil showed an indication of termination of dormancy after 8§ weeks and
by the thirteenth week seed frmu all depths, ekcept the surface, were

non-dormant , Dormaﬁcy was terminated in seed from dry soil earlier than

in seed from wet soil and under both conditions the deeper the seed were
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Table 14, Germination percentages of Setaria lutescens and Po
- . pensylvanicum after-ripened in wet or dry scil at various

depths during the period November, 1963 to June, 196l

onumn

Wet soil depth,

Dry soil depth,

Weeks of inches inches
after-ripening 0 1 3 6 0 1 3 6
Setaria lutescens

0 0 0 0 0 0 0 o 0
3 s o 1/ 1/ YL 12 1 12
5 1 1 2 5 1/ 1 2 3
8 /b1 5 2 15 2 9
10 1 3 6 5 My 5 1k 22
13 9 1 32 5 1/ 68 19 80
16 6 8 28 36 0- - 7 16
18 T 18 38 W 9 67 8 82
20 13 24 51 5 - k1 90 9k
22 29 52 69 78 3. % 18 8
2l 62 W3 77 87 - 8 8 89
31 16 2 11 38 - - - -
Polygonum pensylvanicum
0 -0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
10 0 0 o 1/h 0 0 0 0
13 0 0 0o 1/2 o 12 o 1/2
16 1 0 0 /2 o 2 o 2
18 0 9 8 2 0 5 2 2
20 /2 9 10 2 - 3 h 1
22 8 b 0 8 2 o 13 18
2l 1 0 0 0 - L 1 L
31 0 0 0 0 0 0 0 0
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placed in the soil the faster dormancy was terminated, Maximum germin-
ation was observed by the thirteenth week with seed sampled at the 3 and
6 inch depths in dry soil while seed from the surface and 1 inch depths
continued to show an increas; in germination until the twenty-fourth
week, Termination of dormancy in seed left on the soil surface was not
observed until the twenty-second week with either dry or wet soil. In
wet soil dormancy was terminated at an increasing rate at all depths
until complete germination had occurred in the field. The decrease in
observed germination after 31 weeks reflected the extent of seed ger-'
mination whicﬁ had occurred already in' the field as well as the numbers
of dormant seed remaining., Seed from dry soil germinated more readily
after being placed in the germinators than seed from wet soil. Seed
from dry soil reached maximm germination in 2 to 5 days and seed from
wet soil did not reach maximm germination until 5 to 10 days. This
difference was observed at several sampling dates; the results from a
typical sampling date are summarized in Table 15.

Table 15. Germination percentages of Setaria lutescens sampled from
various depths of wet and dry soil

Soil Depth Germination percentages after
condition inches 2 days 5 days 10 days
Wet 0 2 6 6

1 10 18 - 20
3 8 2l L8
6 2l 32 , 50
Dry 0 20 26 ' 28
1 67 67 67
3 78 92 0
6 76 96 ‘ 96
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Esséntially no germination was observed from seed of Polygonum

pensylvanicum sampled from the field 18 weeks after placement in the

soil. Seed of Polygonum pensylvanicum sampled in April, 20 to 2L vieeks

after burial, showed little germination when seed were placed in the
germinator, but observations of seedlings in the field showed that ger-
nmination had begun the latter part of March. By mid-April seed buried
at the 1 and 3 inch depths had germinated approximately 70 percent in

wet soil in the field. Early germination of seed of Polygonum pensylvan-

icum in dry soil indicated a possible temperature effect resulting from
the plastic covering. Any such effect was not evident with Setaria
lutescens since seed from dry soil did not germinate until 6 weeks after

- Polygonum pensylvanicum and 2 weeks'a.fter Setaria lutescens seed germin-

ated from wet soil, Germination of Setaria lutescens seed in the field

was observed first on April 15, 22 weeks after burial and was completed
essentially by June 15. Table 16 summarizes the germination percentages

of seed of Setaria lutescens and Poiygonwn penéylvanicxm observed  in

the field. The large differences in germination percentages of seed of
both species observed with wet and dry soil may have been due to a
specific moisture requirement for germination. This possibility was
supported by observed increased germination in dry soil dﬁring mid=May
when the plastic cover was removed from the plots. Also, the increased
germination might have been an effect of a moisture requirement for
after-ripening, but this was not supported by germination data of Setaria
lutescens seed obtained in .other expgrimeniﬁs.

The increased germination of Polygonum pensylvanicum which was

observed in the field as compared with that cbtained in the laboratory,
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Table 16. Germination percentages of Setaria lutescens and Po)i_xgonum
pensylvanicum observed from various depths in the rield .

during the spring of 1964

Wet soil depth, Dry soil depth,
inches inches
Date 0 1 3 6 0 1 3 6
- Setaria lutescens

March 19 ’ 0 0 0 0 0 0 0 0
April 2 o o o o o 0o 0 0
April 15 0 1 3 0 0 0 0 0
April 30 15 20 25 20 - 0 10 15
May T 20 20 25 20 - 5 15 15
May 1k 20 20 30 30 - 5 20 25
June 17 20 45 60 70

Polygonum pensy lvanicum

March 19 0 0 0 0 0 15 0 )
Ap&il 2 0 o 0 0 - 5 5 0
April 15 1 9 70 10 o 5 8 5
April 30 15 70 5 15 - 5 10 5
May 7 15 75 50 15 10 10 15 5
May 1k 20 8 55 20 - - 30 10

June 17 20 90 60 20

%Due to one replication,
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suggested either that termination of dormancy in the field was followed
by immediate germination or that conditions in the laboratory were
unsuitable for optimum germination. This latter possibility was checked

by germinating samples under alternating temperatures of 68°-86°F and
59°-86°F for 16 hours at the lower temperature and 8 hours at the higher

temperature. Under these conditions no increase in germination was

observed,

Germination and soil moisture

The greater germination, observed in wet soil compared to germination

in dry soil, prompted studies to determine soil moisture percentages
required for weed seed germination. No non-dormant seed of Polygonum

pensylvanicum were available, therefore nonwdormant seed of Abutilon.

theophrasti and Setaria lutescens were used in this study.

Germination of weed seed in soil at moisture percentages of field
capacity and below was investigated with Clarion loam soil, At field
capacity this soil contained 21 percent moisture and at the permanent
wilting point the moisture percentage was approximately 9.5 percént.
Fifty grams of soil, dried L8 hours at 1049C, the appropriate amount of
water for soil moisture percentages of 20, 16, 12, and 8 percent, and
25 seed of Abutilon theophrasti and Setaria lutescens were mixed thor=

oughly and sealed in a petri dish. Results of germination tests after
10 days are summarized in Table 17. Seed of Abutilon theophrasti ger-

minated with 20 and 16 percent soil moisture, while seed of Setaria
lutescens germinated only with 20 percent scil moisture, Seed of

Abutilon theophrasti at 12 and § percent soil moisture imbibed water

but did not g'erninate.
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Table 17. Germination percentages of seed of Abutilon theophrasti and
' o Setaria lutescens in four soil moistures

Soil moisture percentages after Germination percentages after 10 days

0 days 10 days A. theophrasti S. lutescens
20 16.k ' 78 10
16 13.3 70 0
12 *10.1 | ) 0
8 6.8 0 0
moist filter paper 8L | b5
Viability

Viability tests as determined by embryo isclation and culture on
suitable medium showed that, with both species studied, the embryos did
not become dormant when left in the soil in the field. After the first

month, Polygonum pensylvanicum showed a definite increase in seedling

vigor and dormancy of Setaria lutescens seed conditioned by the caryopsis

had been terminated. These results permitted viability tests to be run
on seed with the seed coats removed and embryo isolation was used only

as a occasional check. Viability data are smmarize& in Table 18.

Seedling emergence

Observations of seedling emergence from various depths in the field

showed that Polygonum pensylvanicum emergence began the second week in

April and emergence of Setaria lutescens started one week later. Sei:aria

lutescens reached maximum emergence by mid-May while Polygonum
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Table 18, Germination percentages of excised embryos of Setaria lutescens
Polygonur pensylvanicum after-ripened in wet or dry soil at
various depths during the period November, 1963 to May, 196L

Wet soil depth, " Dry soil depth,

. Weeks of inches inches
after-ripening 0 1 3 6 0 1 3 6
Setaria lutescens o

0 80 80 80 80 80 80 80 80
3 7 9% 7 8 70 65 90 8
5 95 100 90 95 95 90 95 95
8 70 60 50 70 30 .70 90 100
10 30 90 60 70 40 80 80 80
13 70 65 50 70 30 - 80 90
16 60 50 80 90 30 - 90 90
18 80 80 100 90 50 - 90 90
20 80 80 90 90 - - 90 100
22 50 50 60 20 50 - 70 70
2L 100 80 60 90 ' - - 90 90

‘Polygonum pensylvanicum

0 100 100 100 100 100 100 100 100
3 80- 8% 70 65 80 80 80 70
5 100 - - 100 100 30 90 100
8 50 ko 70 70 50 .70 80 100
10 55 60 50 50 30 70 70 70
13 7 80 8 90 35 9 70 9%
16 90 9 70 80 90 - 60 80
18 20 60 70 50 70 - 100 100
20 W 80 60 60 - 60 70 100
22 60 WO 90 60 80 - 100 70

2l (¢ 60 90 90 - - 70 100
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pensylvanicum emergence continued high until mid-June. Seedling emergence

followed essentially the germination patterns observed in the field,
namely, greater emergence from wet soil than dry soil. Again, this
pattern was the opposite of that observed for termination of dormancy

with seed of Setaria lutescens where seed in dry soil showed termination

of dormancy earlier and to a greater extent than seed after-ripened in
wet soil, The percentage of seedlings which emerged from the 3 and 6
inch depths was very low. Seed sampled from these depths showed epicotyl
developmerit that often extended nearly to the soil surface. This was

true particularly with Setaria lutescens and Polygdnum pensylvanicum from

the 6 inch depth., Table 19 summarizes emergence data for Setaria

lutescens and Polygonum pensylvanicum in the field.

Soil temperature

Soil temperature data were obtained from the weather station located
1 mile southwest of the experimental area. The number of days, when the
maximum and minimum soil temperature at the 1 and 8 inch depths was 32°F
or within certain limits of this temperature is shown in Table 20, Time
period included was December 1 to February 1k, when dormancy was termine

ated and maximum germination was obtained with seed of Setaria lutescens

excavated from the 6 inch depth. Maximum temperature at the 1 inch depth
was 32°F, plus or minus 2°F, for 52 days and the minimum temperature was
within this range for 25 days. At the 8 inch depth the maximum and
minimun temperatures were in the 30° to 34°F range for 56 and L9 days,
respectively, At the 8 inch depth the maximum and minimum temperatures

JWere nearly the same and usually the day the maximum temperature was
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Table 19, Percent emergence of Setaria lutescens and Polygonum pensylvan-
icum from various depths in the field in wet or dry soil in
The field during the spring of 196l

Wet soil depth, Dry soil depth,
inches inches

Date 0 1 3 6 0 1 3 6
Setaria lutescens

April 15 0 0 0 0 0 0 0 0
April 30 7 8 5 0 0 0 ™ 0
May 7 10 10 8 0 2 2 2 0
May 1h - 15 10 10 T - 10 10 3
June 17 15 10 10 T - e e

Polygonum pensylvanicum -

April 15 -~ - 0 0.--0 0 2 1 1 0
April 30 3 30 15 0 - 2 1 | 0
May 7 | 5 70 2 0 15 2 10 0
May 14 5 80 15 2 - 3 12 2
June 17 20 90 Lo 3 - e e A

3 ess than one percent emergence,
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Table 20, MNumber of days maximum and minimum soil temperatures from the
' 1 and 8 inch depths were within stated limits., Period included
. December 1, 1963 to February 1L, 1964

Degrees fluctuation 1 inch depth 8 inch depth
from 320F Hax. Hin, Hax, Min.
0 13 5 35 2l
1 29 11 13 .16
2 10 9 8 9
3=5 16 : 27 16 26
: great'erv than 5 8 2h N 1

within 2°F of 32°F the minimum temperature was also. This pattern did
not occur at the 1 inch depth where much greater fluctuation of temper-

ature was cbserved, Setaria lutescens dormancy was terminated first at

the 6 inch depth., Soil temperatures at the 8 inch depth during the
after-ripening period provided the conditions of low temperature strat-
ification. At the 1 inch depth soil temperatures did not provide such

conditions, and seed of Setaria lutescens from 1 inch depth did not

germinate as well.

Precipitation totaled 347 inches in the first 20 weeks of after=
ripening., Over 1 inch occurred immediately after burial of seed and
2.3 inches had accumulated by the time dormancy was terminated in

Setaria lutescens seed. However, termination of dormancy conditioned

by the caryopsis occurred soon after placement in the soil, Rainfall

data are summarized in Figure 2,



Figure 2. Rainfall accumulation for late fall and early winter of 1963 and 196} at'Amzs, Iowa



D

o

RAINFALL ACCUMULATION [N INCHES
N

NOV.IS DE|C.| DgC.l5 JAIN.I »JAI‘I\I_.IS | ._#EBZ FE1B.IEL MQR.I MA‘R.IS APRI

WEEKS AFTER PLACING SEED IN SOIL

20

65



60

Table 21. Moisture percentages of seed of Setaria lutescens and Poé\ggonum
pensylvanicum after-ripened in wet or dry soil at 2 dept
during the period November, 1963 to May, 1964

Weeks of Wet soil depth, Dry .soil depth,
after-ripening inches inches
0 6 0 [}

Setaria’ lﬁtescens

0 - 9. N 9kt 9.k
5 7.0 7.4 10 10'.6'
8 83 = 8.0 9.0 8.9
1 - 7’.7 .16 8.5 8.0
22 7.6 0.6 & 6.9
Polygonun pensylvatiicwu
0 9'.2 9'.2 9.2 9.2
5 7.5 77 | 9.2 9.6
8 8..2 8.5 8.6 8.8
1k 5‘.6 » 9'.1 6..9 7.5
18 6.2 8.4 5.8 6.U

'Moisture content g_f_ seed

Data for moisture content of the buried seed during the after-
ripening period are summarized in Table 21, Moisture content of seed
was generally higher at the 6 inch depth than with surface placement.

This was true especially for seed of Polygonum pensylvanicum. Wet or

dry scil had little or no effect on moisture content of seeds. Moisture

content in seed of both species decreased as after-ripening progressed,
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indicating a2 drying of the seed as dormancy was terminated. Fluctuation
in moisture content of seed was due probably to sampling error and did

not reflect a significant change in water content of the seed.

Water uptake studies

Absorption of water precedes germination, but germination may not
always follow water uptake, Water uptake at T1°F by seed of Setaria

lutescohs and Polygonum pensylvanicum was determined for seed removed

from the surface and excavated from 6 inch depths. Two samples of 50
seed from each depth and soil condition were weighed and placed in petri
dishés containing filter paper and water. Seed samples were rémoved and
weighed after 3, 6, 12, 2, and L8 hour exposures to water. The imbibed
seed were surface dried before weighing., The results obtained with

$etaria lutescens seed are summarized in Figures 3, L, and 5.

Data for seed sampled January 8, 8 weeks after burial, are shown in
Figure 3. No differences in water uptake were evident during the first
48 hours. Germination of these samples was low. Water uptake by seed
sampled February 1k, 13 weeks after burial, are shown in Figure I and
again reflect no difference in water uptake during the first hs hours
among depths and soil conditions. On this sampling date, germination
of seed from the surface of dry or wet soil was less than 1 percent and
9 percent respectively, whereas seed from the dry or wet soil at the
6 inch dept:.h showed 80 and L5 percent ger_mination, respectively, after
10 days. Water uptake of seed from the 6 inch depths, sampled February
1k, did not reflect the differences in germination compared with seed

taken from the soil surface. Similarly, seed sampled January 8 and



Figure 3, Water absorption curves for intact seed of Setaria lutescens
after-ripened eight weeks in wet or dry soil in the field at
two depths

Figure li, Water absorption curves for intact seed of Setaria lutescens
after-ripened 13 weeks in wet or dry soil in the field at
two depths -

Figure 5. Water absorption curves for intact seed of Setaria lutescens
after~-ripened 22 weeks in wet or dry soil.in the field at
two depths
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February 1l did not reflect the differences in germination that were
observed at all depths for these two sampling dates. Figure 5 illustrates
the greater water absorption with increased ggrmination of seed sampled
April 15, 22 weeks after burial. Germination tests also showed this
faster rate of water absorption in that seed from dry seil had maximum
germination in 2 to 5 days and seed from wet soil did not show maximum
germination until 5 to ten days.

. Water absorption data of seed of Polygonum pensylvanicum from the

February 1l sampling date are summarized in Figure 6. The curves shown

were typical for seed of Polygonum pensylvanicum during the after-ripening

period. No differences occurred among wet or dry soils, or surface and

6 inch depth treatments. The 1963 Polygonum pensylvanicum seed stored

at LO%F in the laboratory yielded almost an identical curve for water

absorption. No change in water uptake by intact Polygonum pensylvanicum

after-ripening in the field prompted a further experiment of water uptake

by various dormant conditions in Polygonum pensylvanicum with seed coats

removed. Seed used were the 1957 lot, which contained a dormant embryo;

the 1963 seed lot stored at LOOF in the laboratory and 1963 seed from

the field. The 1963 seed of Polygonum pensylvanicum contained non-=
dormant embryos. 1963 field seed showéd a rapid and continuous rate of
water absorption and 1963 laboratory seed had a curve similar to 1963
intact seed. 1957 seed showed absorption of the first 12 hours and then

leveled off, These data are summarized in Figure 7.



Figure 6, Water absorption curves for intact seed of Polygonum

?_e_zl%].vanicum after-ripened 13 weeks in wet or dry soil
n the field at two depths
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Figure 7. Water absorption curves for three lots of seed of" Polygonum
pensylvanicum with seed coats removed
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Susceptibility to fumigation during after-ripening

Seed of Setaria lutescens and Polygonum pensylvanicum sampled from

the field were fumigated to determine the susceptibility of seed to
fumigant toxicity during the after-ripening process. On each sampling

date a portion of the Setaria lutescens and Polygonum pensylvanicum

seed taken from the soil were’i‘mnigated with 950 mg/1 Vapam with exposures
of 2l hours at 68°F. Germination data are summarized in Table 22, Ger-

mination of Setaria lutescens seed was not affected by Vapam fumigation

until termination of dormancy occurred and after dormancy terminated
germination of fumigated seed was greatly decreased. Seed of Polygonum

pensylvanicum fumigated with Vapam did not show a reduction in .ger.min-

ation, but germination was generally very poor and samples taken 20 or
22 weeks after burial were the only samples where reliable estimates of
Vapam toxicity were obtained. |

Viability of Polygonum pensylvanicum and Setaria lutescens seed

fumigated with Vapam was investigated to determine toxicity of Vapam to
after-ripened seed, Viability of seed was determined by culture of
isolated embryos or germination of seed with seed coats removed. These
results are summarized in Table 23. No decrease in viability of Setaria
lutescens was observed with Vapam fumigation, however, embryos were
isolated immediately after fumigation and from previously presented
data these may not be a true representation of the efféct of exposure to

Vapam., Seed of Polygonum pensylvanicum did not show any effect .of Vapam

fumigation during 2l weeks of after-ripening. Fumigation of after-

ripened Setaria lutescens and Polygonum pensylvanicum seed by allyl
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Table 22, Germination percentages of Setaria lutescens and Pogz%onum
pensylvanicum seed after-ripened in wet or dry soil at various
depths and exposed to 950 mg/1 Vapam

Wet soil depth, Dry soil depth,
Weeks of inches inches
after-ripening 0 1 3 I3 1 3 6
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Table 23, Germination percentages of excised embryos of Setaria lutescens
and Polygonum pensylvanicum seed after-ripened in wet or dry
soil at various depths. and exposed to 950 mg/l Vapam

Wet soil depth, Dry soil depth,
Weeks of inches inches
after-ripening 0 1 3 6 0 1 3 6
Setaria lutescens
0 80 80 80 80 80 80 80 80
3 60 20 20 0 0 0 Lo - 20
5 80 70 30 90 - - - -
8 20 80 0 0 10C 80 0 100
10 0 Lo 0 Lo 20 80 0 0
13 80 60 80 60 50 - 70 60
16 5 65 60 55 9% - %5 9%
18 90 90 100 100 50 - 90 100 -
20 80 100 100 80 - - 100 100
22 100 90 100 - 60 - - 70 70
2L 80 80 80 70 - 70 90 70

Polygonum pensylvanicum

0 100 60 70 100 85 100 9 80
3 7% 75 60 55 80 80 65 70
5 30 50 60 60 60 70 80 60
8 100 60 Lo 100 100 50 LO 100G
10 9% 90 S0 80 80 8 90 80
13 80 60 60 90 80 90 9 70
16 100 100 100 100 70 - 70 100
18 50 80 70 100 20 - 80 80
20 80 60 60 70 - - 70 60
22 7 70 80 50 - - 70 100

2L 7 30 60 Lo - 60 60
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alcohol, methyl bromide, and propylene oxide also demonstrated that the
after-ripening process did not modify the response of the seed to each
‘fumigant, These three fumigants killed both species before the seed

were buried as well as throughout the after-ripening process.

Fumigation of seed in soil samples

Effect of fumigation on weed seed in the soil was investigated to
determine the effect of soil on fumigant toxicity and seed susceptibility.
Fumigated soil samples were soil samples with wild populations of weed

seed or samples to which 50 seed of non-dormant Abutilon theophrasti and

Setaria 1utescéns had been added. No non~dormant seed of Pomonum

pensylvanicum were available and seed of Abutilon theophrasti were sub-

stituted. Soil used was Ciarion loam and samples were in 6x6x2 inch
wire baskets during fumigation., After fumigation the soil was unifoi‘mly
distributed on Vermicﬁlite in greenhouse flats fc_;r germination tests.
Fumigation with 3800 mg/l Vapam resulted in 100 percent inhibition of

germination of Setaria lutescens, Setaria viridis, Portulaca oleracea,

Chenopodium album, and Amaranthus retroflexus from wild populations.

No species were found that escaped control by Vapam fumigation at this
concentration., Experiments conducted with known numbers of seed in each
sample and fumigated with Vapam, allyl alcohol, and methyl bromide

resulted in inhibition of germinration of Setaria lutescens. Exposure of

samples to Vapam and methyl bromide did not injure appreciably seed of

Abutilon theophrasti. Lower concentrations of allyl alcohol did not

inhibit germination of Abutilon theophrasti as completely in the presence

of soil as when seed were in petri dishes. Table 2l; summarizes

k=l
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- germination percentages of Setaria lutescens and Abutilon theophrasti

fumigated in soil samples.

Table M2)4 Germination percentages of seed of Abutilon theophrasti and
™ Setaria lutescens in soil exposed to three fumigants for

2l hours at 68°F

Concn. Germmation percentages

Fumigant mg/1 Setama lutescens Abutilon theophrasti
None 0 83 59
Vapan L1750 0 43
1900 0 50
Allyl |
alcohol 870 0 1
435 0 2
145 0 17
) 78 0 12
Methyl

bromide 1470 o L2
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DISCUSSION

The responses of annual weed seeds to various soil fumigants,
cbserved in this investigatiom, indicated the differential responses of
dormant and non-dormant seed, showed the variation in susceptibility
among weed species, revealed differences among the several fumigants in
toxicity to weed seed, and demonstrated the increase in fumigant toxicity
with increased exposure times. The patterns of germinability and dormancy
.observed with weed seeds after-ripened m;der field conditions, and the
responses of these seeds to fmiéa;lts , showed the importance of moisture
content of seed as a factor in sn.t.s;:eptibility to funigants, indicated a
rather short period of maximum susceptibility of seed in the field,
revealed that dormancy was not terminated at the same time for all weed
'species in the field, and suggested some difficulties in coordinating
soil fumigation treatments with periods of maximum seed germinability

in the field.

Dormant seed of Abutilon theophrasti were not killed by concen=
trations of 2800 mg/l methyl bromide, 1400 mg/l propylene oxide and
1900 mg/1 Vapam, but exposure to 23 mg/1 allyl alcohol gave nearly com-

plete kill. Dormant seed of Polygonum pensylvanicum were killed by

exposures to 470 mg/l methyl bromide, 700 mg/1 propylene oxide and 23
mg/1 allyl alcohol but not by exposure to Vapam, Isolated embryos of

dormant seed of Setaria lutescens were killed by fumigation with methyl

bromide, allyl alcohol, and propylene oxide, but not Vapam.- Vapam fumi-
gation appeared to be killing non-dormant and not dormant seed of Setaria

lutescens, However, later studies showed that embryos of non=dormant
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seed of Setaria lutescens were not killed by Vapam fumigation even though

intact seed did not germinate, Apparent toxicity of Vapam to non-dormant

and not dormant seed of Setaria lutescens was:explained when embryos

removed from each type immediately after fumigation showed no kill,

" Vapam fumigation of non-dormant seed of Setaria lutescens resulted ;p an
inhibition of germination and eventual kill of intact seed in germiné.ﬁing
conditions., The embryo was not killed until the seed had been in ger-
minating conditions for several days. Clipping the lemma and palea So
more rapid aeration of the caryopsis could occur did not reduce ki'll
when seed were placed in germinating conditions. This suggested the
- fumigant was not trapped inside the séed and extending the length of
exposure to the fumigant. Removal and germination of caryopses from
treated seed anytinié before the seed had been placed in germinating
conditions resulted in germination of the caryopsis, Vapam fumigation
of ‘caryopses alone or embryos alone resulied in kill of the embryo in
both instances. One must conclude that toxicity of Vapam to seed of

Setaria lutescens was a complex interaction of fumigant, moisture,

caryopsis, and lemma and palea.
Vapan was not toxic to any of the dormant seeds and allyl alcohol

" was toxic to all seeds., Abutilon theophrasti, which has a seed coat

impermeable to water and gas, was the least susceptible of the dormant

seeds and Polygonum pensylvanicum and Setaria lutescens in which dormancy
is caused by germination inhibitors were readily susceptible. Toxicity

to seed of Abutilon theophrasti was not dependent upon the vapor pressure

of the fumigant as allyl alcohol at 68°F has a vapor pressure of 17.9
mm of mercury and Vapam, propylene oxide, and methyl bramide have vapor
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 pressures of 16.5, L0, and 1350 mu of mercury, respectively. Entrance
of the fumigant into the seed was not on a pressure basis but must have
been due to action of the fumigant,

Taxicity of soil fumigants tg non~-dormant weed seeds was dependent

upon the physio~chemical condition of the seed and concentration of the

fumigant, Vapam was quite toxic to seed of Setaria lutescens and Setaria
faberi at 80 mg/1 but even at extremely high concentrations, 1900 mg/1,
dry seed of Abutilon theophrasti were not killed, At all concentrations

of Vapam, dry seed were less susceptible than moist seed. A similar
taxicity pattern was observed with propylene axide. Allyl alcohol was
extremely more toxic than either Vapam or propylene oxide and killed
moist and dry seed of Abutilon theophrasti equally well at 11.6 mg/l.

Moisture content of seed of Setaria lutescens and Setaria faberi became

critical only at very low concentrations of allyl alcohol. Methyl bromide

was toxic to all seeds except dry Abutilon theophrasti and appeared to be

less taxic than allyl alcohol but more toxic than Vapam and propylene
oxide. With all fumigants a greater concentration resulted in increased
percent or increased rate of kill of weed seeds.,

Fumigation of seed of Sctaria faberi and Abutilon theophrasti in

soil samples at similar concentrations as seed alone indicated a decrease
in effectiveness of fumigants. Decrease in toxicity may have resulted
from absorption of the fumigant on soil ﬁarticles and solution in the
soil water decreasing the effective concentration or from a lack of
penetration of the fumigant into the soil. Allyl alcohol fumigation

resulted in excellent control of seed of Setaria faberi and lesser control
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of Abutilon theophrasti. Fumigation with Vapam and methyl bromide also

gave excellent control of seed of Setaria faberi but very little control

of Abutilen theophrasti. These relative patterns of kill ar: the same

as those shown by the fumigants on seed alone, Results showed that all

fumigants were getting to the seed as Setaria faberi were killed, but

not in as great a concentration as withou_i: soil because allyl alcchol

did net completely kill Abutilon theophrasti., The kill of seed of

Abutilon theophrasti shown by Vapam and methyl bromide probably was due

to rapid imbibition of water by some seed when placed in the soil,

. Moisture conténﬁ of seeds was important in determining the reactive=-
ness and toxicity of fumigants and subsequent snsceptibility of seed to
kill by fumigation. Experiments designed to determine at what moisture -
content seeds became most susceptible to fumigation showed that this
moisture percentage varied depending upon the fumigant used. With seed

of Abutilon theophrasti each fumigant showed a different pattern of

toxicity as moistizre content increased. Propylene oxide had a gradual
decrease in t-xicity from 100 percerit kill at about LO percent moisture
down to no kill at five percent moisture, whereas Vapam has a similar
range of decfease in toxicity from 17 to five percent moisture., Methyl
bramide had essentially no toxicity under nine percent moisture and almost
100 percent k'ill occurred at moisture percentages above ten percent.

Seed moisture did not effect taxicity of allyl alcohol to seed of Abutilon

theophrasti in these tests. Experiments with seed of Setaria lutescens

again illustrated the importance of water content but the exact percent-

ages needed for optimum effectiveness of fumigation were not obtained.
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The tests did show the range to be somewhat less than that found for

seed of Abutilon theophi‘asti as above 17 percent all fumigants were

effective and again some were effective at moisture percentages of air
dry seed. Relationships between moisture and toxicity bears out the
known mode of action of each fumigant. Methyl bromide and allyl alcohol
havé a specific reaction that results in toxicity and when this system
was activated the fumigant was readily taxic. Vapam has a non-spécific
reaction causing kill and as moisture content increased a corresponding
increase in toxicity occurred. The additional water enhanced ;11 reacs=
tions and no one 'specific reaction was responsible for the death of the.
seed, Overall, imbibed water that brought seed moisture into the ri'ahge
of 9-17 percent was the most critiqai as the most complete and rapid
kill occurred in this range.

The importance of this range may bg better understood when viewed

in relation to seed moisture of seeds in the soil. Polygonum pensylvan=-

icum and Setaria lutescens seed sampled from the soil during the winter

and spring of 1963-6l had moisture percentages at the lower end of this

range determined for Abutilon theophrasti and Setaria lutescens. These

seeds would not be in their most susceptible condition and wetting the
soil before treatment as recommended for best results with fumigation
assumes importance in making the seeds more susceptible to fumigation
with the end result better weed control, Tests made to determine at what
soil moisture percentages seeds would imbibe water and germinate in

Clarion loam, showed that seed of Abutilon thegﬁhrasti and Setaria

lutescens germinated at 20 percent soil moisture whereas only Abutilon
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theophrasti germinated at 16 percent and neither germinated at 12 or §

percent. Some imbibition of water by seed of Abutilon theophrasti

occurred at the two lower soil moistures but not sufficient for germin-
ation, These tests again showed the importance of wetting the soil
before fumigation and for best results the water added should be suf-
ficient to get the soil moisture near that of field capacity. Interaction
of humidity in atmosphere surrounding the seed and seed suscéptibility
was determined by fumigating seed in various relative humidities at 68°F.
This treatment does not include the soil factor but the importance of

the high relative humidity found in soil air could be determined. Rela=
tive humidities of 100, 87, 50 and 25 percent had no effect on toxicity

to seed of Abutilon theophrasti and Setaria lutescens., Thus seed moisture

was very important if not the most important factor in affecting seed
susceptibility to soil fumigation in the laboratory.

The suggestion that soil decreases the effectiveness of fumigation
increases the importance of fumigating when the séeds are most susceptible
to kill. Effect of seed moisture on susceptibility has shown that with
increased moisture there was an increase in susceptibility., An increase
in moisture content suggests that the germ;'nation process has begun and,
thérefore the optimum time for weed control by fumigation would be just
as germination and seedling development occur in the field. Studies with

seed of Polygonum pensylvanicum and Setaria lutescens from the field

showed that dormancy with seed of Setaria lutescens had terminated by

the end of January and maximum germination had occurred in the field by

¢he end of April. Dormancy with seed of Polygonum pensylvanicum did not

terminate until immediately before germination and seeds from 1=3 inches
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in the soil had 70-90 percent' germination by mid-April. After germination
seedling development proceeded rapidly and emergence of Setaria lutescens
began in late Abril and reached a maximum by mid-May. Polygonum pen=

sylvanicum emergence also occurred in late April and had a maximum by

mid=-June. From these studies the optimum time for field fumigation
would be late April or early May _ At this time seeds would be most
susceptible as the germination process would have begun and yet seedlings

would not be so well established as to allow the plant to escape.
| Exposure time of seed to the fumigant is important in weed control

and a;'so reveals further understanding of the toxicity of the fumigants,
The concentrations of Vapam, meil\yl bromide, and allyl alcohol were in
excess of those calculated from recommended rates for equal volumes of
soil so that the iength of time needed for kill in the field would
probably be longer. Exposure to Vapam for lengths of time I hour or less
usually did not injure the seed. Between 1 and 3 hours a large increase
in kill occurred and after 2L hours all seeds were killed except intact

Polygonum pensylvanicum and dry treatments of Abutilon theophrasti..

Fumigation time with propylene oxide gave a toxicity pattern similar to
Vapam as exposure time increased from 15 minutes to 3 hours a gradual
increase in seed kill occurred. Methyl bromide showed a rapid kill,
15 minutes in many treatments, and allyl alcohol was faster still as

moist seed of Abutilon theophrasti and Polygonum pensylvanicum and treate

ments with seed coats removed were killed in 5 minutes and all other

seeds were killed in 30 minutes.
Cbmparison of germination of treated intact seed of Polygonum
pensylvanicum and Abutilon theophrasti and those with seed coats removed
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showed the effect of the sced coats on movement and action of Vapam into

these seeds, Abutilon theophrasti seed coats reduced the rate of kill

very slightly in moist treatments and had no effect on dry treated seed.

Seed coats of Polygonum pensylvanicum had a definite effect on suscep-

tibility to Vapam as intact seed were not harmed by 24 hour fumigation
and with séed coats removed they were almost completely killed in 3

hours, The two seed coats are Scmewhat different in that Abutilon
theophrasti has a true seed coat with a thick waxy cuticle and a lignified

and cutinized palisade layer underneath, whereas in Polygonum pensylvan-

icum the seed coat that was removed was actually a hard thick fruit coat

of the achene. Fumigation with methyl bromide and propylene oxide illus=

trated a impeding effect of the seed coats of Abutilon theophrasti and

Polygonum pensylvanicum. The rate of kill was faster with seed coats

removed but the degree was the same, Toxicity of allyl alcohol was not
affected by the seed coats as all seed were killed in relatively short
periods of time, |

Data from exposure studies often showed treated seeds to. have greater
germination than untreated seeds. Conditions under which increased gers=
mination of treated seed was observed could not be determined precisely
and thus was not readily reproducible, but it did occur in enough repli-
cations to warrant consideration., If these data do represent an actual
stimulation in germination caused by fumigation it is possibly an
increased activity‘just prior to kill and not a tfue stimulation. If it
were more than just increased activity before death the low concentrations
that did not kill the seed should suggest signs of stimulation and this

phenomenon did not occur.
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From the present study the order of fumigant toxicity on these
species from greatest to least would be allyl alcohol, methyl bromide,
propylene oxide and Vapam. This is not an indication of the toxicity
of the active ingredient of each because reagent grade allyl alcohol and
propylene oxide were used and methyl bromide was 98 percent methyl bromide
and 2 percent chloropicrin and Vapam was 32.8 percent methyl dethio-
carbamate, As presented previ&usxy, taxicity did not appear dependent
upon the vapor pressure as they are 1350, Wlj0, 17.9, and 16.5 mm of
mercury at 68°F for methyl bremide, propylene oxide, allyl alcohol and
Vapam, respectively. Degree of toxicity of these fumigants appeared to
depend upon how specific its mode of action is.,

Future experiments to develop soil fumigation as a weed control
practice would héve to utilize known information on toxicity of the
various fumigants to seeds and the susceptibility of seeds in various
conditions. In addition more precise information of the condition of
the seed in the soil would have to be cbtained to determine the period
of maximum susceptibility to kill by fumigation. This would entail a
detailed study of dormancy termination, ﬁoisture uptake, germination,
seedling development and environmental conditions associated witﬁ the
seed during these various processes. The possibilityn of developing a
method of conceitrating weed seed germination into a short time period
in the spring should be explored as a means of increasing the efficiency
of soil fuﬁigation as a weed control practice, Also, the 'development of
a more efficient fumigant and one that has a broader toxicity base must

be considered.
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SUMMARY

Soil fumigants were toxic to annual weed seed. Toxicity patterns
of the several fumigants were dependent upon the basic toxicity of the |
fumigant and susceptibility of the weed seed. Exposure to the experi-
mental fumigants readily inhibited germination of seed of Setaria

lutescens and Setaria faberi. Generally, non-dormant seed were more

susceptible to kill with fumigation than dormant seed. Dormant seed

of Abutilon theophrasti were least affected by fumigation of the weed

species in this study.

Toxicity of the several fumigants to weed seed increased with
increased length of exposure of the seed to the fumigant, with increased
moisture content of the seed, and with increased concentration of the
fumigant., Allyl alcohol was toxic to several seed with exposures of
fivé minutes and all seed susceptible to the experimental fumigants were
killed with exposures of 24 hours. With exposure to each fumigant a
different seed moisture at which 90 percent of non-~dormant seed of

Abutilon theophrasti failed to germinate was observed. With allyl

alcohol, methyl bromide, Vapam, and propylene oxide this seed moisture
percentage was 5, 9.5, 17, and 4O .percent, respectively., With the
several fumigants and weed species, there was no discernible increase
in toxicity with an increase in temperature during exposure of seed to
fumigants.

Toxicity patterns observed by failure of weed seed to germinate
showed allyl alcohol to be the most toxic followed in order of decreasing

toxicity by methyl bromide, propylene oxide, and Vapam. Unique with
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Vapam fumigation was the observed inhibition of germination of intact

seed of Setaria lutescens, but the kill of the embryo was not cbserved

until the intact seed ‘had been moistened,

The pattern of seed dormancy observed with seed of Setaria lutescens
and the effectiveness of natural exposure in terminating dormancy sug-
gested the cool, moist autumn climate promof.ed termination of dormancy
conditioned by the caryopsis and dormancy maintained by lemma and palea

was terminated after low temperature stratification during the-winter,

Dormancy observed with seed of Polygonum pens_ylvanicum also suggested

the importance of autumn and winter conditions during after-ripening

plus the alternating temperatures observed in the spring when dormancy
terminated., With both species dormancy was terminated faster the deeper
the seed were in the soil. Germination in the field occurred in a similar
pattern as termination of dormancy, whereas seedling emergence was
observed from the 1 or 3 inch deﬁths significantly more than from the
surface or 6 inch depth. The paf,terns of seed dormancy observed with

seed of Setaria lutescens and Polygonum pensylvanicum under natural

conditions suggested a relatively short period of maximum susceptibility
to fumigation, Utilization of soil fumigation as a superior weed control
_ ‘practice would require detailed information on the physiological state

of the weed seed to coordinate fumigant treatment with periods of maximum

susceptibility,
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