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ABSTRACT

Germination, or outgrowth, of Myriophyllum verticillatum turions involves a series of visible
changes starting with reflexing of leaves followed by extension and curving of the axis, and then
by root formation. Before abscission, turions grow out in response to long days (16 hr) but
not short days (8 hr). After abscission, turions show maximal dormancy which can be fully
broken by a cold treatment (4 C). Turions are heterogeneous in degree of dormancy and
ability to respond to less complete dormancy-breaking treatments, e.g., long days at 20 C.
Cytokinins (10-0 M) break dormancy of non-cold-treated turions, whereas gibberellic acid
(GA3 ) is ineffective except at high concentrations (10- 3 M). Continuous treatment with cyto
kinins causes abnormal development after germination. GA3 , on the other hand, induces ap
parently normal development even at high concentration. Indoleacetic acid (IAA) induces
outgrowth only at high concentrations (10-3

- 10-' M), but these concentrations also produce
abnormal development. Abscisic acid (ABA, 10-0 M) retards outgrowth of cold-treated turions
and can completely suppress it in non-cold-treated turions, The activity of ABA-like substances
in turions remains about the same before and during germination, whereas other (unidentified)
acidic inhibitors decrease markedly. The cytokinin activity changes in a complex pattern.

THE ENVIRONMENTAL and hormonal control of
dormancy and germination, or outgrowth, of tu
rions have been studied in only a few species.
These specialized buds of vascular hydrophytes are
of interest, because they can be very important in
propagation as well as overwintering of the plants
(Weber, 1972).

Temperature and light have been found to af
fect the germination of some turions. For ex
ample, turions of some clones of Spirodela poly
rhiza (L.) Schleiden require cold-treatments for
germination, but other clones do not (Jacobs,
1947; Perry, 1968). Hydrocharis morsus-ranae
L. turions require either a cold (0-4 C) or a
warm (greater than 40 C) treatment for germina
tion (Vegis, 1932; 1955). Light has been shown
to stimulate germination of turions of H. morsus
ranae (Terras, 1900).

Hormonal control of turion germination appears
to be similar to that found in other buds. Kum
merow (1958) and Lacor (1969), who studied
H. morsus-ranae and S. polyrhiza, respectively,
found that kinetin would promote turion germina
tion, but that indoleacetic acid (IAA) antagonized

1 Received for publication 28 July 1975.
3 Present address: Biological Station, University of

Michigan, Ann Arbor, 48109.
This publication represents a portion of a dissertation

presented to the H. H. Rackham School of Graduate
studies at The University of Michigan in partial fulfill
ment of the requirements for the degree of Doctor of
Philosophy (1. A. W.). We wish to thank the Hoffman
LaRoche Co. for the gift of 100 mg of ± ABA and the
Amchem Products, Inc. for providing the Ethephon used
in this study.

this action in H. morsus-ranae. Gibberellins were
shown to promote turion germination in S. poly
rhiza (Perry, 1968; Lacor, 1969). Pieterse,
Bhalla, and Sabharwal (1971) found a lower level
of gibberellin activity in turions than in actively
growing plants of Wolijiella iloridana (J. D.
Smith) Thompson.

In order to extend our knowledge of the control
of turion development and germination, a broad
study of the turions of Myriophyllum verticillatum
L., a submerged aquatic vascular plant, was under
taken. In this species, turions are distinct from
normal vegetative buds; they abscise from the
parent plant at maturity and are important in
propagation and overwintering (Weber and N00

den, 1974a). Data on the environmental and hor
monal control of dormancy and germination of M.
verticillatum turions will be presented. Some of
these data have been presented in other reports
(Weber and Ncoden, 1972, 1974b).

MATERIALS AND METHODs-Myriophyllum ver
ticillatum turions were collected periodically dur
ing the fall and winter from local lakes and pre
pared for culture or extraction as described earlier
(Weber and Nocden, 1976). Attached turions
were collected from late September through Octo
ber (Weber and Nooden, 1974a). Abscised, dor
mant turions were collected from late October
through early November before the lake tempera
ture dropped to 10 C. Some turions were also
collected in the winter when ice covered the lake.
Since it was not practical to produce large quanti
ties of turions in growth chambers, or even in
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TABLE 1. The effect of photoperiod on elongation, degree of leaf rejlexing, and root development of attached tu
rions"

Treatment

SO
15 e

LO
15 e

Length
Time Degree of No. of plants
(days) (mm) » (%)c reflexing" with roots

0 28.7 ± 6.0 1 0
9 29.7 ± 6.0 0 3 1

21 28.7 ± 5.9 -3.4 3 1
29 29.8 ± 6.3 0.3 3 1
36 30.5 ± 6.3 2.7 3 1

0 34.3 ± 6.6 1 0
9 35.0 ± 7.9 2.0 3 0

21 36.0 ± 11.6 5.0 3 4
29 40.3 ± 16.3 17.5 3 6
36 48.0 ± 20.4 39.9 4 6

"Six turions per treatment.
I> Average length of turions ± standard deviation.
C Percent change from initial length.
<, See Fig 1 for explanation.

greenhouses, we were dependent upon field-grown
material, which was of limited availability.

Except where noted, all experiments on ger
mination were conducted in growth chambers as
described in another paper ( Weber and Nooden,
1976) . Experiments were carried out with dis
tilled or tap water plus additives in 250-ml Erlen
meyer flasks (3 turionszflask) ; the solutions were
changed every 7-10 days. Three to 6 turions were
used in each experiment. Growth regulators were
applied at lo-a and 10-5 M, unless otherwise
noted, and the levels in the treatment solutions
were monitored by bioassay during the experi
ments. Gibberellic acid (GAd and benzy1adenine
(BA) activities were undiminished between the

changes of solution; however, abscisic acid (ABA)
and indoleacetic acid (IAA) activity declined
about one order of magnitude in 7-10 days.

The effect of ethylene was tested by treating tu
rions with 10-4 M Ethephon (2-chloroethylphos
phonic acid) in flasks which were tightly stop
pered; these solutions plus the controls were
changed twice a week.

Throughout the experiments, the turions were
checked for qualitative and quantitative changes.
Elongation was measured to the nearest mm. The
results are expressed as average length ± standard
deviation and, to facilitate comparison of the sep
arate treatments, as the percent increase over ini
tial length of the turions in each treatment.

TABLE 2. Effect of temperature and photoperiod all the elongation, leaf rejlexing, and root development of abscised,
dormant turions"

Length
Time Degree of No. of plants

Treatment (days) (mm)> (%)c reflexing-' with roots

SO, lOe 0 28.3 ± 5.0 1 0
40 28.3 ± 5.0 0 1 0

15 e 0 23.8 ± 4.1 1 0
40 24.2 ± 4.1 1.7 1 0

20 e 0 25.2 ± 4.2 1 0
40 27.7 ± 6.9 9.9 2 0

LO, 10 e 0 21.3 ± 2.9 1 0
40 21.3 ± 2.9 0 1 0

15 e 0 21.2 ± 5.4 1 0
40 22.2 ± 4.7 4.7 1 0

20 e 0 17.5 ± 2.5 0 1 0
40 42.8 ± 34.8 144.6 2 4

a Six turions per treatment.
1>. c. <l See footnotes for Table 1.
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TABLE 3. Effect of photoperiod on the elongation, degree of leaf reilexing, and root development of abscised, dor
mant turions which were cold-treated"

Treatment

SO, 15 ('

LO, IS C

Time
Length

Degree of No. of plants
(days) (mm)> (%)c reflexingv with roots

0 33.0 ± 7.0 1 0
7 35.7 ± 9.5 8.2 3 3

14 43.7 ± 15.2 32.4 3 3
21 72.3 ± 19.5 119.1 4 3
28 95.3 ± 20.6 188.8 4 3

0 30.4 ± 6.1 1 0
7 30.8 ± 6.4 1.3 2 0

14 34.2± 7.0 12.5 3 3
21 42.0 ± 9.8 38.2 3 3
28 50.0 ± 9.9 64.5 4 3

"Three turions per treatment, cold treatment: 17 days at 0-4 C in darkness.
b, c. "See footnotes of Table 1.

The extraction procedure and bioassays were
carried out as described in Weber and Nooden
(1976).

RESULTS-As shown diagrammatically in Fig.
1, the germination of a M. verticillatum turion
started with the reflexing of the turion leaves (leaf
reflexing), followed by the elongation (progres
sing from the basal internodes) and curving of the
stem (also see Fig. 2), and finally the develop
ment of roots at the basal nodes. While the order
of events given above was generally as stated,
there was much overlap of the stages, e.g., elonga
tion began before all the turion leaves were re
flexed. During axis elongation, some turions
started to float, and by the time germination was
completed, all turions were buoyant. Since stem
elongation was found to be the most reliable in
dicator of germination, it was used most often as a
measure of germination; however, parallel ob
servations were made on leaf reflexing and root
development.

TABLE 4. The effect of different light intensities on the
elongation of abscised, cold-treated turions"

Length
Light intensity Time

Treatment (/LE m- 2 sec-') (days) (mm)b (%)c

SO, 15 C 200 0 49.7 ± 17.0
14 89.0 ± 25.2 79.1

LO, 20 C 200 0 52.0 ± 18
14 84.7 ± 18.6 62.9

100 0 46.3 ± 17.0
14 82.3 ± 18.1 77.7

50 0 42.3 ± 9.3
14 83.0 ± 16.1 96.2

"Three turions per treatment, cold treatment: 60 days
at 0-4 C in darkness.

b, C See footnotes in Table 1.

Environmental control-Photoperiod affected
germination (outgrowth) of turions; however, the
effect differed depending upon whether the turions
had abscised and/or experienced a cold treatment.
Most experiments were carried out at 15 C, which
is near the maximum temperature at which turions
are formed outdoors on rooted plants and there
fore is not likely to break dormancy (Weber and
Nooden, 1974a). Turions still attached to the
plants elongated after a lag time of 1-1.5 wk when
placed under long-days (LD, 16 hr) at 15 C, but
not in short days (SD, 8 hr) (Table 1). Detach
ment of turions before they had abscised did not
change their response to photoperiod. In contrast,
those which were permitted to develop to natural

Fig. 1. Stages in the germination of turions. A.
Leaves not reflexed (degree of reflexing: I). B. Basal
leaves just reflexing; axis may begin curving (degree of
reflexing: 2). C. Leaves reflexing, axis curving; roots
may appear (degree of reflexing: 3). 0. Leaves re
flexed, no turion character left, roots developing (ar
row) (degree of reflexing: 4).
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TABLE 5. The elongation, degree of leaf rejlexing, and root development of abscised, dormant turions which have
been pre-treated with 7-11 SD at 15 C"

Length
Time Degree of No. of plants

Treatment (days) (mm)> (%)c reflexlng" with roots

Type A (leaves reflexed) e

SO 0 31.2 ± 4.0 1 0
21 31.5 ± 4.3 1.0 3 0
36 32.0 ± 3.2 2.6 3 0

LO 0 29.6 ± 8.2 1 0
21 34.3 ± 11.1 15.9 3 4
36 48.3 ± 21.7 63.2 4 6

Type B (leaves not reflexed)"
SO 0 27.2 ± 3.8 1 0

21 26.7 ± 4.4 -1.8 2 0
36 27.0 ± 4.7 -0.7 2 0

LO 0 26.7 ± 3.4 1 0
21 26.7 ± 3.6 0 1 0
36 28.2 ± 3.3 5.6 3 6

a Six turions per treatment.
b, c , ,I See footnotes of Table I.
e See text for explanation.

TABLE 6. Effect of GA" on the elongation of pre-dor
mant (attached) turions, dormant turions, and cold
treated turions"

was tested. Cold-treated turions grew faster under
LD at light intensities of 50 ,uE m-2 sec? and
100 ,uE m-2 sec:' than at full light intensity (200
,uE m-2 sec-I) (Table 4).

A curious differentiation into two dormancy
classes was found among abscised, non-cold
treated turions stored for 7-11 SD at 15 C-those
which started reflexing their leaves (type A) and
those in which the leaves remained closed (type
B) . The response of these classes of turions to
photoperiod differed (Table 5). Type A turions
began to elongate under LD at 15 C within 15
days, whereas type B turions did not. When the

u Three turions per treatment; SO at 15 C.
b. C See footnotes of Table I.
"Pre-treatment: 0-4 C for 17 days.

Abscised, cold-treated"
Control 33.0 ± 7.0
10-5 M GAs 29.0 ± 5.6

(%)e

14 days

(rnm) »

29.7 ± 6.0 0
31.3 ± 6.1 2.0

26.7 ± 4.5 1.8
54.3 ± 24.5 102.6

43.7 ± 15.2 32.4
58.7 ± 9.2 102.4

Length

27.2 ± 3.8
26.8 ± 6.9

o days

(mm) >

29.7 ± 6.0
30.7 ± 5.4

Treatment

Pre-dormant
Control
10-0 M GAs

Abscised, dormant
Control
lO-s M GAs

abscission (referred to subsequently as abscised,
dormant turions) did not elongate readily in re
sponse to LD. One group of abscised, dormant tu
rions was sub-divided and treated with LD or SD
at 10, 15, or 20 C. In all cases, except LD at 20
C, nearly all of these turions remained dormant
for nearly 6 wk (Table 2); however, even under
LD at 20 C, some remained dormant, which is the
reason for the high standard deviation.

Cold-treated, abscised turions (collected in late
winter, just after the ice had left the lake) elon
gated very rapidly (approximately 50 % increase
in length in 1 wk) under both LD and SD at 15
C. A 17-day cold-treatment (0-4 C in a cold
room) released the turions from dormancy; they
elongated under both LD (50 % increase in length
in 4 wk) and SD (50 % increase in 2.5 wk)
(Table 3). When this cold-treatment was ex
tended to 60 days, the outgrowth was even more
rapid (50 % increase in about 10 days, Table 4).
In contrast, non-cold-treated turions elongated
very slowly or not at all (Table 2). Eventually,
turions showed signs of germination at 0-4 C in
a cold room much as they do in the field; how
ever, outgrowth proceeded very slowly at this
temperature. Partial cold treatment (16 days at
10 C) partially released dormancy when the tu
rions were brought back to 15 C, but turions
which received this treatment elongated only under
LD conditions.

Following a full cold-treatment (0-4 C), tu
rions elongated more rapidly in SD than in LD
(Table 3). Since light at higher intensities is
known to inhibit stem elongation (see Sachs,
1965), the effect of light intensity on elongation
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Fi g. 2. Germinating turion of Mvrioplt yllum ver
ticillatum, about 3 cm long.

time at 15 C in SD was extended to 54 days , type
B turions elongated in respo nse to LD at 15 C.

Since turion germination is marked by leaf re
flexing and root formation, in addition to axis
elongation (See Fig. 1) , data were collected on
these phenomena. Although leaf reflexing oc
curred first and root formation generally followed
outgrowth, outgrowth did not necessarily follow
leaf opening (see Tables 1, 5) . In addition, a few

turions prod uced roots before their leaves re
flexed. The leaves of type B turions did not re
flex as much as the other classes in response to
temperature and photoperiodic conditions (Table
5). Exposure to LD promoted root development
(Tables 1, 5) . Fi nally, cold trea tment at 0- 4 C
promoted both leaf reflexing and root develop
ment (Table 3) .

Effects of applied growth regulators-The re
sponse of turio ns to GA 3 varied greatly depending
on whether they were abscised and /or cold-treated
(Table 6). GAa (lo-n M) induced outgrowth in
some attached turions in both SD and LD, caus
ing a 25 % increase in length in 3 wk for some
cases but not others, such as those in Table 6. As
the turions matured, they became less sensitive to
exogenous GAa. Dormant turions are unaffected
by 10-0 M GA 3 ; however, l O:" M GAa did break
dormancy in both LD and SD. After a 2-week
cold-treatment, turion outgrowth again could be
stimulated by GAa at 10-Gand IO:" M in both LD
andSD.

The cytokinins broke dormancy more effec
tively than any other growth regulators tested;
however , the different cytokin ins varied in their
effectiveness. Kinetin and zeatin were not as ac
tive as BA, so BA was used in most experiments.
Even dormant turio ns elongated in response to
cytokinins after a lag of abou t 2 wk; both type A
and type B turions responded similarly (Table 7).
With or without cytokinins, the lag phase after a
cold-treatment at 0-4 C was less than 7 days. Un
like other dorm ancy-breaking treatments, BA
induced outgrowth slowed or even ceased by the
fourth week of continuous treatment.

BA had an interesting effect on the gross mor
phology of the germinating turions; these tur ions
produced none or only very short roots. In addi
tion, large buds formed in the lower portion of
the central axis, and the axis itself expanded in
diameter. Cross sections showed that this thicken
ing of the axis from about 1 mm in the control to

TABLE 7. Effect of cytokinins on the elongation of abscised, dormant and cold-treated turlons"

Len gth

o days 14 days 28 days

(rnrn )> (mm)» ( %)c ( m m )" ( %) e

Abscised, dormant
Control 26.3 ± 3.5 27.0 ± 3.6 2.7 27.7 ± 2.9 5.3
10-0 M Zeatin 30.0 ± 10.0 31.3 ± 11.0 4.3 39.0± 17.4 30.0
10-0 M BA 26.8 ± 4.7 27.4 ± 4.8 2.2 37.2 ± 15.2 38.8

Abscised, cold treated" I :1
Control 33.0 ± 7.0 43.7 ± 15.2 32.4 95.3 ± 20.6 188.8
10-0 M BA 31.0 ± 8.0 54.7 ± 27.8 176.5 71.7 ± 24.3 131.3

• T hree turions per treatment; SO at 15 C.
". c See footnotes for Table 1.
•\ Pre -tre atment: 0-4 C for 17.
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TABLE 8. Effect of high concentrations of fAA on the elongation of abscised, dormant turions"

Length

o days 7 days 14 days

Treatment (rnm) v (rnm)» (%)c (mm)» (%)c

Control 25.8 ± 6.1 27.0 ± 6.2 4.7 28.8 ± 8.1 11.6
1.1 X 10-' M 23.2 ± 6.5 29.8 ± 9.2 28.4 33.3 ± 9.7 43.5
2.8 X 10-3 M 23.2 ± 7.3 26.2 ± 5.0 12.9 26.7 ± 5.9 15.1

a Three turions per treatment; SD at 15 C.
", C See footnotes for Table 1.

TABLE 10. The effect of ABA (lO-"M) on the elongation
of attached, abscised dormant (Type A and B) and
cold-treated turions"

n Three turions per treatment; LO at 15 C.
b, C See footnotes for Table 1.
,1 See text for explanation.
C Pre-treatment: 0-4 C for 17 days.

Length

o days 28 days

Treatment (mm) " (mm) " (%)C

Attached
Control 34.3 ± 6.6 40.3 ± 16.3 17.5
ABA 29.7 ± 3.5 29.5 ± 2.4 -0.7

M blocked outgrowth of cold-treated turions, it
abolished outgrowth induced by BA (lO-ll M) in
dormant turions (Table 11). However, ABA did
not block the effect of BA on cold-treated turions.
ABA retarded GA3-stimulated outgrowth of cold
treated turions.

Leaf reflexing, stem curvature and elongation,
and root formation in turions treated with growth
promoters followed the typical sequence described
earlier. Where a treatment accelerated outgrowth,
leaf reflexing, stem curvature, and root formation
were correspondingly accelerated. The only ex
ception was the inhibition of root development by
the cytokinin treatments.

Endogenous growth regulators-The level of
acid-ether-extractable inhibitors in all turions was
less than 1JLg ABA equivalents per 50 g fresh
weight when measured by the oat coleoptile
straight-growth test (Table 12); the principal zone
of inhibition was at R, 0.6-0.8 on chromato
grams developed in BPAW solvent. Attached and

26.7 ± 3.6 0
25.8 ± 1.5 0

50.0 ± 9.9 64.5
45.2 ± 13.4 34.9

42.8 ± 18.3 44.6
32.2 ± 4.2 1.3

Abscised, cold-treated C

Control 30.4 ± 6.1
ABA 33.5 ± 6.5

Abscised, dormant Type B"
Control 26.7 ± 3.4
ABA 25.8 ± 1.7

Abscised, dormant Type Ad
Control 29.6 ± 8.2
ABA 31.8 ± 4.2o days 21 days

Treatment (mm)» (mm)" (%)C

SO
Control 23.8 ± 5.0 24.3 ± 4.8 2.1
Ethephon 23.0 ± 2.9 22.8 ± 3.2 -0.9

LO
Control 26.3 ± 4.9 23.7 ± 1.2 6.4
Ethephon 28.0 ± 5.2 32.3 ± 6.4 36.3

Length

TABLE 9. Effect of Etheplion (10-' M) Oil the elongation
of abscised, dormant turions"

u Three turions per treatment; 15 C.
b , C See footnotes for Table 1.

2-3 mm in treated turions was accompanied by
an increase in the size of the internal air space.

IAA was relatively ineffective in promoting ger
mination of turions. Up to 10-5 M, IAA had no
detectable effect on abscised turions whether dor
mant or not. At herbicidal concentrations (1.1 X
10-4 and 2.8 X 10-3 M), it definitely promoted
outgrowth of dormant turions (Table 8), but the
leaves were contorted and lighter green than the
controls. Furthermore, growth soon ceased in the
higher concentration. To determine whether pene
tration of IAA occurred at lower concentrations,
turions were incubated in a carboxyl-labelled HC
IAA (6 X 10-7 M). After about 2 hr, the internal
concentration of extractable 14C-IAA was ap
proximately equal to that in the medium.

Ethephon, which apparently acts through break
down to ethylene (Yang, 1969), promoted the
outgrowth of dormant turions but only under 16
hr photoperiods (Table 9). The tips of the leaves
of all Ethephon-treated turions began turning
brown by 23 days after the start of the treatment,
an indication of toxic side effects.

The growth inhibitor, ABA, was applied to both
attached and abscised turions; it inhibited out
growth in all cases, especially before the turions
received a cold-treatment (Table 10). ABA (l0-5

M) completely blocked the outgrowth of type A
turions, whereas it only reduced the outgrowth of
cold-treated turions. Just as ABA at 10-5 and l O:"
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120
A

TABLE 11. Effect of ABA (10- 6 M) on BA (10- 0 M) and
GA 3 (10- 0 M) induced elongation of abscised, dor
mant, and cold-treated turions"

Length

Abscised, dormant

BA 26.8 ± 4.7 31.0 ± 5.7 15.7
ABA 26.7 ± 6.1 27.7 ± 6.1 3.6
BA+ABA 25.6 ± 4.5 26.0 ± 3.8 1.6

Abscised, cold-treated']

0.2 0.4 0.6 BA 31.0 ± 8.0 68.3 ± 26.1 120.3
R

f
0.8 1.0

ABA 33.7 ± 1.1 36.7 ± 1.6 8.9
BA+ABA 29.7 ± 8.0 77.7 ± 46.3 161.6

B GA 3 30.7 ± 5.9 73.0 ± 14.9 137.8
GA,+ABA 31.7±8.1 51.7 ± 6.8 63.1

Fig. 3. Lettuce seed germination bioassay for inhibi
tors in the acidic-ether fraction of extracts of turions.
A. Dormant turions collected on 28 October 1970 (35
g fresh-weight equivalent). B. Germinating turions col
lected on 8 April 1971 (50 g fresh-weight equivalent).
Paper chromatogram developed in 2-propanollNH.oHI
H20 (10:1:1, v/v). The bar indicates the R, zone to
which synthetic ± ABA and ABA extracted from avo
cado migrate.

abscised dormant turions had essentially the same
level of ABA-like inhibitor activity. During ger
mination, however, there was a rise in the level of
ABA-like activity from 0.4 to 0.8p.g ABA equiv
alents per 50 g fresh weight. The lettuce seed
germination bioassay gave somewhat different re
sults in that the inhibitory activity in the ABA
zone showed little or no change; however, inhibi
tory activity in zones before and after ABA
showed a marked decrease after germination (Fig.
3 ).

The levels of gibberellins and auxins were too
low to be measured reliably with the methods used;
however, the levels of cytokinin-like activity did
change during dormancy and germination. Al
though no cytokinin activity could be detected in
either the acidic or basic ether phases, cytokinin
activity was found in the butanol-soluble fraction
(Table 13).

2 days

(mm) »

o days

(mm)h

a Three turions per treatment; SD at 15 C.
h. " See footnotes for Table 1.
,1 Pre-treatment: 0-4 C for 17 days.

Treatment

DISCUSSION-Environmental control-Pre-dor
mant turions, still attached the parent plant, are
maintained in the dormant state by photoperiod
and possibly also temperature. Turions which
have abscised but have not had a dormancy
breaking treatment, e.g., cold temperatures, are
in a deeper state of dormancy. The intensity of
this dormancy is apparently variable, because un
der certain favorable conditions some of the tu
rions germinated, albeit slowly, without being
cold-treated as indicated by the large standard
deviation in some cases. Cold treatment at 0-4
C produces the most complete release from dor
mancy, and if continued for about one month,
the turions begin to germinate even in darkness at
0-4 C (conditions which may resemble those at
the bottom of a lake in midwinter). The effect
of cold temperatures compares well with the ob
servation that turions begin germinating before
the ice has begun to leave the lake (Weber and
Nooden, 1974a).

Hormonal control-From the work of many re
searchers, it has become evident that dormancy is
probably controlled by more than one growth reg
ulator (Phillips and Wareing, 1958, 1959; Esashi
and Leopold, 1969; Wareing and Saunders, 1971;
Lenton, Perry, and Saunders, 1972; Hashimoto,
Hasegawa, and Kawarada, 1972). However, the
classes of hormones which are most frequently
found to be important are the gibberellins and the
acidic inhibitors, particularly abscisic acid. There
is also some evidence for the involvement of cyto
kinins (Chvojka, Travnicek and Zakourilova,
1962; Domanski and Kozlowski, 1968; Hewett
and Wareing, 1973).

Cytokinins, especially BA, effectively induced
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TABLE 12. Level of ABA-like inhibitory activity in the
acidic-ether fraction of extracts of turions"

TABLE 13. Cytokinin activity in the butanol fraction of
extracts of turions"

"Thin-layer chromatogram developed in BPAW (1
butanoI/1-propanol/NH,OH/H,O, 2:6: 1:2, v/v), activity
in the oat coleoptile straight growth test at R. 0.6 to 0.8
(the region where ABA migrates).

outgrowth in turions of M. verticillatum in all
stages of dormancy; however, development of
cytokinin-treated turions differed quite substant
ially from control turions. Kinetin has a similar
effect on turions of Hydrocharis morsus-ranae
(Kummerow, 1958). The endogenous cytokinin
activity in M. verticillatum rises to a peak in ab
scised, dormant turions and then drops during
germination, similar to the pattern reported in dor
mant seeds (Van Staden, Webb and Wareing,
1972) and buds (Tucker and Mansfield, 1972;
Englebrecht and Bielinska-Czarnecka, 1972).

The response of M. verticillatum turions to GAa
is similar to that noted by Leike (1967) and
Hatch and Walker (1969) for terminal buds of
various woody plants where "sensitivity" to exo
genous GAa varied with dormancy, being least
responsive during deep dormancy. It is not clear
whether these changes in the responsiveness to
exogenous GAa are changes in permeability or
actual changes in sensitivity. The fact that GAa,
albeit at high concentrations, is able to induce ap
parently normal outgrowth in dormant M. ver
ticillatum turions suggests that a gibberellin de
ficiency may play some role in maintaining
dormancy.

Ethylene promotes stem elongation in Calli
triche platycarpa Kutz. (Musgrave, Jackson and
Ling, 1972) and rachis elongation in Regnillidium
diphyllum Lindman (Musgrave and Walters,
1974), both aquatic vascular plants. However,
we found no evidence that it is important in turion
germination. Likewise, our results suggest that
auxins are not important in controlling dormancy
in these turions.

The germination of turions coincides with a de
crease in the levels of inhibitory substances which
are apparently unlike ABA, while the level of
ABA-like material increases somewhat. Lenton
et al. (1971) have also reported no change in
ABA level during bud break in three tree species.

The dormancy and germination of turions of
M. verticillatum are controlled by temperature
and photoperiod. Both growth inhibitors (ABA
and other acid ether-soluble inhibitors) and pro
moters (cytokinins and possibly gibberellin) ap-

Germinating turions

Attached turions

Abscised, dormant
turions

",g ABA equivalents
per 50 g fr wt

0.38

0.41

0.81

Date
collected

27 October 1972

27 October 1972

16 January 1972

Zeatin
equivalents Date

Stage % of control': (",g) collected

Attached, devel-
oping 156.1 ± 10.1 3.0 9 October

Attached, mature 127.0 ± 9.6 0.4 27 October
Abscised,
dormant 156.3 ± 0.9 3.0 27 October

Germinating (after
cold-treatment) 125.3 ± 7.6 0.4 16 January

"Chlorophyll retention in detached oat leaves. 50 g
fresh-weight equivalent of turion extract.

I> Water-treated control assumed as 1000/0.

pear to control dormancy and outgrowth of these
turions.
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