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ABSTRACT

Commen ragweed (Ambrosia artemisiifolia) seeds were stored under natural environmental
conditions by placing them at three soil levels {(surface, 5 ecm, and 15 cm) in the field on No-
vember 1, 1972. Germination tests at 4-week intervals indicated that dormancy was broken
by the end of January. Germination was initially greater at high temperatures, but this dif-
ference decreased with increasing time in the field. Secondary dormancy was evident in sur-
face seeds by March 21 but not until April 18 at 5 cm and Tune 13 at 15 em. Germination
in the field was grealest at the surface but was observed at all soil levels by March 21. Seed-
ling survival was 68 % at the surface and 0% at 5 and 15 cm on June 13. Maximum and
minimum soil temperatures were recorded at each sail level during the experiment and were
correlated with the results. Greater germination and survival at the surface supports the evi-
dence for ragweed's dependence on soil disturbance for germination, and the induction of sec-
ondary dormancy explains why ragweed does not constitute a dominant part of the vegetation

when disturbance occurs after the soil warms ta a critical point in the summer.

SEED DORMANCY and germination are very im-
portant in determining the success of a species as
an invader after saoil disturbance. Estimates of
the number of seeds (Brenchley and Warington,
1930} and viability of seeds {Crocker, 193§;
Taole and Brown, 1946: Darlington and Stein-
bauver, 1961} in arable soil confirms the main-
tenance of large populations of seeds for long
periods of time. After soil disturbance and sub-
sequent exposure to light, these seeds may give
rise to weedy species found in cultivated fields or
weedy primary invaders of secondary succession
(Sanr and Struick, 1964; Wesson and Wareing,
1967, 1969), Germination of the exposed seed
after disturbance depends on the existing environ-
mental conditions and the dormancy state of the
seed. Seeds of many weedy species under field
conditions exhibit cyclic changes in dormancy
which follow a seasonal pattern (Courtney, 1968;
Taylorson, 1970, 1972; Stoller and Wax, 1974).
Secondary dormancy is usually induced during
early summer and is broken during the winter,
resulting in nondormant seeds in the spring, and
if germination doesn’t occur the cycle is repeated.

Laboratory germination studies have provided
some information regarding the success of com-
mon ragweed (Ambrosia artemisiifolia) as a pri-
mary invader after soil disturbance (Bazzaz,
1968, 1970; Willemsen and Rice, 1972; Willem-
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sen, in press). However, observations on seed
germination and dormancy under field conditions
would be complementary to these laboratory in-
vestigations and would provide a better under-
standing of this species’ natural hehavior.

MATERIALS AND METHORS—Ragweed plants
bearing mature seeds were collected on Octaber
11, 1972, from a one-year ahandoned field on the
William L. Hutcheson Memorial Forest property
on the Piedmont of New Jersey. Fruits were re-
moved from the plants after 4 days of air drying
at 20-25 C. The seed was winnowed and stored
in the dark in an air-conditioned laboratory {18-
24 C}) until burial on November 1, 1972

For burial, 500 seeds were placed in individual
10 x 10 cm fiberglass screen envelopes (mesh
size 6/cm). These envelopes were then placed on
the soil surface and 5 cm. and 15 cm below soil
surface. Every four weeks four envelopes were
collected from each soil level and cleaned under
running tap water. The number of seeds which
had germinated and the number of seedlings pres-
ent were counted. The remaining seeds were
placed on germination paper in sandwich boxes
(11 % 11 % 2.5 cm) and 12 ml distilled water was
added. Small quantities of water were subse-
quently added if drying became evident. Percent
germination {as indicated by root emergence) was
determined in continuous darkness and light (8
hr photoperiod) at 5/15, 10/20, 15/25, and 20/
30 C (=1 C). The higher temperature of each
alternating temperature regime was present dur-
ing the 8-hr light period. The same alternafing
temperature regimes were maintained in constant
darkness. The seeds placed in constant dark were
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Fig. 1. Air and soil temperature. A, Average monthly
maximum and minimum soil temperature, Arrows in-
dicate time of secondary dormancy induction. LSD at
the 95 % confidence level = 3.68. B, Average monthly
soil and air temperature. LSD at the 95% confidence
level = 2.12.

exposed to laboratory light for a short time dur-
ing counting. The number of replicates used at
each temperature regime was four plates with 50
seeds each. Germination of freshly harvested
nonstratified seeds was determined at the begin-
ning of the experiment (Nov. 1, 1972) by the
above procedures. Germination in the light was
recorded each week for a period of 3 weeks, and
the seedlings were removed after each counting.
Germination in the dark was recorded after the
3-week germination period.

The presence of secondary dormancy in seeds
collected from the field on July 13, 1973, was
determined after the 3-week period in light or
dark at the various temperature treatments. The
sandwich box germination plates with unger-
minated seeds were simply placed in a cold room
(4 C) in the dark for 22 weeks, and the seeds
were subsequently placed on fresh germination
paper and germninated at 15/25 C in the light and
dark.

Soil temperature was monitored daily at each
level with a maximum-minimum thermometer
equipped with a remote sensing device (Palmer
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Instrument Co.). Average monthly soil tempera-
ture at each level was computed by dividing the
sum of the maximum and minimum temperature
by 2. Air temperature was monitored with a
hygrathermograph (Belfort Instrument Co.) placed
under a shelter 5 cm above the soil surface. Aver-
age air temperature was computed as described
above,

The results were analyzed statistically by the
analysis of variance test (ANOVAR) with a fixed
design, and least significant differences (LSD)
were calculated.

REesurts—The greatest range in soil tempera-
ture (Fig. 1A} occurred at the soil surface and
decreased with depth. The range in soil tem-
perature was also less at all depths during the win-
ter than in spring months. Average soil tempera-
ture (Fig. IB) was lowest at the 153-cm depth
throughout the entire time period. During the
winter surface soil was cooler than soil at 5 cm,
but this was reversed in the spring. During May
and June very little difference in average soil
temperature existed at these depths. Average air
temperature was very similar to soil temperature
at 15 cm.

Freshly harvested ragweed seeds were dormant
(Fig. 2), and this dormancy was broken in seeds
at all levels by Jan. 24. Initially, germination was
best at high temperatures, but by Feb. 21 there
was generally no difference in response to the
temperatures used. (Germination decreased in the
spring, and its timing was correlated with depth
of burial. The decrease was first observed in seeds
at the surface on March 21 but not until April 18
at 5 cm and June 13 at 15 em. There was no dif-
ference in the temperature response of the seeds
during the induction of secondary dormancy in
contrast to the great differences existing during
the breaking of dormancy. Germination in con-
stant darkness was less than in the light, and the
difference between light and dark germination gen-
erally increased with time of burial. Data for ger-
mination of surface seeds in the dark are incom-
plete after March 21 because of the great amount
of germination in the field and, therefore, an in-
sufficient number of seeds.

Ungerminated seeds which were exhumed on
Jupe 13 responded to stratification (Table 1), in-
dicating that the decrease in germination during
the spring was due to the induction of secondary
dormancy. The response was greatest in the light,
and buried seeds respended more favorably than
seeds at the surface. There was very little dif-
ference in germination after restratification of
seeds from the 5- and 15-cm levels.

Germination at all soil levels in the field was
first observed in packets harvested on March 21
{Fig. 2, Table 2). Germination in these packets
had presumably occurred sometime between Feb-
ruary 21 and March 21. The greatest amount of
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Fig. 2. Germination of freshly harvested (C) and field-stored ragweed seeds in the light (L) and dark (D) at
5715, 14/20, 15/25, and 20/30 C (L3D at the 95% confidence level = §.94) and germination of seeds in the field.

germination occurred at the surface followed in
decreasing order by the 5-cm and 15-cm. levels,
All the seedlings from the germinated seeds could
be accounted for at this time, indicating 100 %
survival. During the next 4-week period (April
18) germination at the surface increased but was
- about the same at the 5-cm and 15-cm levels,
Survival was still 100 % at all levels. No addi-
tional - germination occurred during the nexi 8
weeks (May 16 and June 13), but the number of
seedlings surviving was greatly affected. On May
16 survival was still 100% at the surface but only
19.7 and 0% at the 5- and 15-cm levels, respec-
tively. Survival on June 13 decreased to 68.4%
at the surface and 0% at the 5-cm level.

DiscusstoN—Innate dormancy in ragweed seeds
can be broken by stratification in the laboratory
(Willemsen and Rice, 1972; Willemsen, in press).
This also oceurs in the field during autumn and
early winter, resulting in a maximum number of
nondormant seeds by the end of Janvary (Fig. 2).

Stratification temperature has a great effect on
breaking dormancy in ragweed seeds (Willemsen,
in press), but in the present study no difference
in the time required for this process was found at
the soil levels used. This is probably a reflection

TapLE 1. Effect of restratification on germination of
ragweed seeds exhumed fune 13

% Germination

Light
Tune 13* Restratified
Surface 11.11 27.4
5 cm 235.75 58.0
15 cm 40.10 58.1
Dark
Surface —_ —_
5 em 6.38 39.6
15 em 15.25 i6.6

* Value for June 13 is the average % germination for
the 4 temperature regimes used.



642
TaBLE 2. Germination and survival of ragweed seeds
in the field"
Date Depth % Gernmination % Survival
March 21 Surface 43.1 100,0
5 cm 1.8 100.0
15 em 0.2 100.0
April 18 Surface 61.2 100.Q
5 cm 4.9 130.0
15 em 0.2 100.0
May 16 Surface 58.1 100.0
5 em 2.3 19.7
15 em 0.1 0.0
Tune 13 Surface 62.8 68.4
5 cm 1.8 0.0
15 e¢m 0.2 0.0

* Results based on 2,000 seeds at each soil level on
each date.

of the rather small differences in soil temperature
at the various levels during this time (Fig. 1).
Germination in the field did not occur until after
February 21, even though a large number of seeds
were nondormant and germinated in the labora-
tory at high temperatures before this date (Fig.
2). Lack of earlier field germination is probably
due to low soil temperature (average minimum
and maximum February temperatures for all soil
levels were —0.22 and 3.61 C, respectively) since
germination at 5/15 and 10/20 C in the labora-
tory was also low before February 21 (Fig. 1,
2). During March soil temperature at all levels
warmed to an average minimum and maximum of
5.43/12.85 C, closely approximating the 5/15 C
temperature at which substantial laboratory ger-
mination occurred during this time.

The induction of secondary dormancy in Polyg-
onum aviculare (Courtuey, 1968), ragweed, and
other weed species (Taylorson, 1970, 1972,
Stoller and Wax, 1974) has been correlated with
high soil temperature during late spring. Results
of the present investigation (Fig. 2, Table 1)
agree with these observations and show the in-
duction of secondary dormancy to be closely cor-
related with depth of burial, with seeds at the sur-
face developing dormancy most rapidly. This is
in accord with the spring soil temperature gradient
at which time the surface soil was warmer than
deeper soil (Fig. 1). The critical minimum sail
temperature for the induction of secondary dor-
marney in ragweed can be estimated by determining
the maximum soil temperature at the time ger-
mination first decreases. The actual values may be
somewhat lower since the first secondary dor-
mancy found in exhumed seeds was presumably
induced earlier when the soil was caoler. With
this method, Fig. 1A shows that dormancy at all
sail levels is not induced until the maximum soil
temperature reaches 20 C. Therefore, this is my
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estimated critical minimum temperature for the
induction of secondary dormancy in ragweed
seeds. There was no evident correlation of mini-
mum or average soil temperature with the induc-
tion of secondary dormancy at the soil levels used.

Secondary dormancy is induced after innate
dormancy is broken, and the resulting nondor-
mant seed is exposed to a temperature favorable
for germination; but some overriding factor limits
germination, causing a temporary state of en-
forced dormancy which develops into secondary
dormancy. Secondary dormancy is induced in
ragweed seeds when they are germinated in the
dark at a favorable temperature (Bazzaz, 1970;
Willemsen, in press). Lack of light may also be
partially responsible for the decrease in germina-
tion of buried seeds and the subsequent induction
of secondary dormancy. Germination of ragweed
was less in the dark, and the difference between
light and dark germination increased with time in
the field (Fig. 2), which agrees with the work of
Taylorson (1972} and Stoller and Wax (1974}.
If the present investigation had been continued
to the point of complete secondary dormancy in-
duction, there probably would not have been any
difference in germination in the light vs. dark
since both would have been very low (Taylorson,
1972). However, all ragweed seeds do not have
a light requirement (Fig. 2) since substantial get-
mination takes place in the dark (Taylorson,
1972; Stoller and Wax, 1974). Thus, in situ ger-
mination and the induction of secondary dor-
mancy in buried seeds may be a result of some
other factor. Holm (1972) suggests that low
germination and the subsequent development of
secondary dormancy in buried seeds may be due
to low oxygen levels and the production of vola-
tile inhibitors. Secondary dormany was also in-
duced in seeds at the surface (Fig. 2, Table 1),
and this response cannot be explained by lack of
light, low Q,, or volatile inhibitors. In this case,
germination may be limited by low moisture levels,
leading tc the development of secondary dor-
mancy. Evidence for such a mechanism was pre-
sented by Justice (1941}, who showed that dor-
mancy was induced in nondormant Polygonum
aviculare seeds which were allowed to become air
dry at laboratory temperatures.

Breaking ragweed seed dormancy by stratifica-
tion in the laboratory generally results in more
germination at a wider range of temperatures
(Willemsen, in press). This same effect was ob-
served in ragweed seeds stratified in the field
(Fig. 2}, resulting in high germination at all tem-
peratures after 16 weeks. During the induction
of secondary dormancy there was no decrease in
the expanded germination-temperature limits. This
indicates that the physiological changes taking
place during the breaking of dormancy and the
induction of secondary dormancy are not the same.

Ragweed is an important primary invader of old
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fields during secondary succession in many areas
of castern and midwestern U.S. (Qosting, 1942;
Keever, 1950; Bard, 1952, Quarterman, 1957,
Gebben, 1965; Bazzaz, 1968) and is a semi-
important weed in cultivated fields (USDA, 1972).
Table 2 shows that ragweed seed germination and
survival are greatest at the surface and, thus, its
requirement on disturbance for establishment.
Small, Buell, and Buell (1971) found ragweed to
be an important component of old fields aban-
doned in April and May, but fields abandoned in
June had little ragweed. Stoller and Wax (1973)
also reported little emergence of ragweed during
June and the following summer months. In light
of the present investigation, the lack of ragweed
establishment after May is probably due to the
presence of secondary dormancy in seeds during
this time.
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