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Abstract. Illinois bundleflower \Desmanthus illinoensis (Michx.) MacMill. ex B.L. Rob. &
Fernald] and showy ticktrefoil \Desmodium canadense (L.) DC.| are legumes native
to North America used during meadow restoration efforts. However, insufficient or
slow germination or reduced emergence may result attributable to seedcoat-mediated
reductions in permeability to water. The objective of this research was to determine
the effectiveness of a single-speed electric scarifier lined with 40-grit sandpaper for
increasing germination and seedling growth of two native legumes. Seeds of Illinois
bundleflower and showy ticktrefoil were mechanically scarified for 3, 6, or 12 s before
they were subjected to germination and vigor testing. After scarification, final germina-
tion percentage (FGP), germination rate, and uniformity at multiple temperatures (15,
20, and/or 20 to 30 °C) were improved for Illinois bundleflower. However, FGP decreased
for showy ticktrefoil, whereas germination rate and uniformity increased. For both
species, there was a decline in FGP with longer scarification durations. Illinois bundle-
flower seed subjected to scarification and accelerated aging (AA) had higher FGP than
non-scarified seed subjected to AA (59% and 6%, respectively), whereas both scarified
and non-scarified seed of showy ticktrefoil subjected to AA had low FGP (11% and 18%,
respectively). Mechanical scarification increased electrical conductivity (EC) of leachates
for both species, but scarified showy ticktrefoil seed subjected to AA resulted in the
highest EC compared with all other treatments, indicating a reduction of vigor.
Evaluation of a seedling grow-out test 3 weeks after sowing confirmed that emergence
was enhanced after 3 s of mechanical scarification of Illinois bundleflower seed but that
scarification of showy ticktrefoil seed decreased emergence and increased the number
of abnormal seedlings. Mechanical scarification resulted in peripheral damage and seed
tissue obliteration of both species as indicated by viewing with a stereomicroscope. We
conclude that scarifier limitations caused excessive physical damage of showy ticktrefoil.
For Illinois bundleflower, however, mechanical scarification using an electric scarifier
increased emergence from 18% (non-scarified seed) to 77% after 3 s of scarification and
FGP from 32% (non-scarified seed) to 87% after 3 s of scarification. Compared with
responses from non-scarified Illinois bundleflower seeds, scarification treatment also
resulted in 24% faster germination and 37% more uniformity.

Illinois bundleflower and showy ticktrefoil
are perennial warm-season legumes native to
the United States found in prairies, woodland
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edges, wet meadows, or disturbed areas in 30
and 28 states, respectively (USDA, NRCS,
2010a). Stands of Illinois bundleflower or
other legumes grown with switchgrass (Pan-
icum virgatum L.), sideoats grama [Bouteloua
curtipendula (Michx.) Torr.], or Indiangrass
[Sorghastrum nutans (L.) Nash] had higher
forage yield than if grass stands were grown
without legumes (Posler et al., 1993). Both
Illinois bundleflower and showy ticktrefoil are
used for range revegetation or prairie restora-
tion (USDA, NRCS, 2010a), but plant com-
petition has a significant impact on Illinois
bundleflower and other native legume stands
(Beran et al., 1999, 2000; Dovel et al., 1990).
The cultivar Sabine Illinois bundleflower is

. , - - -
used in reclaimed mine areas, rangelan'd, or
pastures, providing ecological benefit to areas
of Texas worth almost $225,000 (USDA,
NRCS, 201 Ob).

Pea (Pisum sativum L.) seedcoats prevent
rapid imbibition, which may damage the
embryo (Powell and Matthews, 1978). How-
ever, the seedcoat may be multifunctional and
can limit electrolyte leakage and subsequent
growth of facultative plant pathogenic fungi;
water-impermeable "hard" seedcoats are com-
mon in many legumes, serve a protective func-
tion for the embryo, and have been the subject
of several reviews (Baskin, 2003; Kelly et al.,
1992;Mohamed-Yasseenetal., 1994; Rolston,
1 978). Latting ( 1 96 1 ) determined that mechan-
ical scarification of Illinois bundleflower seed
resulted in higher final germination percentage
(FGP) compared with sulfuric acid scarifica-
tion, alternate freezing and thawing, hot water,
or control treatments. Mean germination time
of 3- or 4-year-stored Illinois bundleflower
seed decreased when acid or mechanical scari-
fication was used (Call, 1985). Mechanical scar-
ification of prostrate bundleflower [Desmanthus
virgatus (L.) Willd. var. depressus (Humb. &
Bonpl. ex Willd.) Turner] seed resulted in
higher FGP at a variety of temperatures
(Fulbright and Flenniken, 1987).

Dormancy of Illinois bundleflower is the
result of a hard seedcoat and abrasion of indi-
vidual seed with a razor blade or knife is more
effective than sulfuric acid soaks at achieving
high FGP (Call, 1985; Latting, 1961). There
are few publications regarding scarification of
showy ticktrefoil seed, although concentrated
sulphuric acid soaks are recommended to
break dormancy of D. intortum (Mill.) Urb.
and D. uncinatum (Jacq.) DC. (ISTA, 2010).
General recommendations suggest scarifica-
tion of Illinois bundleflower and showy tick-
trefoil seed before field sowing (USDA,
NRCS, 201 Oa).

Scarifiers have been used to alleviate dor-
mancy in Ruby Valley pointvetch (Oxytropis
riparia Litv.; Hicks et al., 1989) and mastic
tree (Pistacia lentiscus L.; Piotto, 1995). Vary-
ing scarification durations of 5 to 30 s were
required for different seed lots of Ruby Valley
pointvetch, a legume, for optimum germina-
tion (Hicks et al., 1989). Scarifier (Forsberg,
Thief River Falls, MN) equipment is simple to
operate and consists of a horizontally mounted
rotary propeller within a steel drum lined with
40-grit sandpaper (Liu, 2007). Although me-
chanical abrasion by using the scarifier is a
low-cost method with good repeatability, there
is a lack of methodological standardization,
including running time, seed moisture content,
amount of surface damage, and reference
materials (Liu, 2008). Mechanical scarification
using a scarifier is a more practical method of
scarification than other techniques (Hicks
etal., 1989).

Vigor tests are more accurate in deter-
mining field crop performance of a seed lot
than standard germination tests and their use
has increased as a result of consumer demand
(Ferguson, 1 993). Vigor is a concern to growers
because a loss of vigor may indicate a reduction
in field performance (Copeland and McDonald,
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2001). Contemporary standards use electrical
conductivity (EC) and accelerated aging for
determining seed vigor (ISTA, 2010); however,
seed companies use a variety of vigor-testing
methods (Copeland and McDonald, 2001).
Imbibitional damage of pea cotyledons re-
sulted in higher EC of leachate when the
seedcoat was removed, indicating a relationship
between "intactness" of the seedcoat and
embryo health (Powell and Matthews, 1978).
In studies involving soybean [Glycine max (L.)
Merr.], germination percentage of seed sub-
jected to accelerated aging procedures was
used to determine seed vigor (Baskin, 1977).

At present, there is no established, rapid
mechanical seed scarification method for na-
tive legumes such as Illinois bundleflower or
showy ticktrefoil. The objective of this study
was to determine the influence of mechanical
scarification using a Forsberg sandpaper-
lined electric scarifier on seed germination
and vigor of Illinois bundleflower and showy
ticktrefoil.

Materials and Methods

Single seed lots of 'NE Ecotype' Illinois
bundleflower and 'PA Ecotype' showy tick-
trefoil were obtained from Ernst Conservation
Seeds (Meadville, PA) and used for the fol-
lowing experiments. For both seed lots, there
was no labeled dormancy. After purchase of
seed lots, seeds were stored in plastic bags
under cool and dry conditions (7 °C and 32%
relative humidity) for 5 months before the
start of experiments.

Seeds were subjected to scarification by plac-
ing 1.0 g seed on 40-grit sandpaper within a
Model 6K030G scarifier (Forsberg, Thief
River Falls, MN) that was turned on for 3, 6,
or 12s. Materials and general operating proce-
dures for the scarifier (Forsberg) were described
by Liu (2007). It consists of a 2300-cm3 ca-
pacity stationary drum lined with sandpaper
fitted into a cylinder with a rotating propeller.
After scarification, seed were placed onto
two layers of germination No. 385 blotters
(Seedburo Co., Chicago, IL) moistened with
20 mL distilled water contained in 125 x 80 x
20-mtn transparent polystyrene boxes with
tight-fitting lids and incubated at 15, 20, or
20 to 30 °C (16 to 8 h) in darkness. Non-
scarified seed were included as a control.
Suggested testing temperature for Illinois
bundleflower is alternating 20 to 30 °C
(AOSA, 2007a). Germination rules for showy
ticktrefoil have not yet been determined, but
the suggested temperature for D. uncinatutn
and D. intortum is 20 to 30 °C (ISTA, 2010).
The number of seeds germinated (those hav-
ing a visible radicle) were counted daily and
removed.

Scarified seed were subjected to an accel-
erated aging test using basic principles de-
scribed by Baskin (1977). The accelerated
aging test is a rapid, simple determination of
vigor that can be applied to many plant species
(Copeland and McDonald, 2001). Seeds (5 g)
were contained in a metal cylinder and placed
into a lidded plastic box holding 250 mL of

distilled water. The chamber was maintained
at 41 °C for 72 h at nearly 100% relative hu-
midity. Seed moisture content was calcu-
lated before and after experiments by using
a high-temperature drying method (130 °C
for 1 h) and two replications with results
expressed as the percentage weight of
water lost from the initial seed weight
(ISTA, 2010).

Procedures for EC testing were conducted
by following methods from Hampton and
TeKrony (1995) and modified by Wang et al.
(2004) for small seeds. Seeds (5 g) were
weighed, placed into 100 mL distilled water
(water purity less than 5 iiS-cm '), and incu-
bated at 20 °C in darkness for 24 h. Hard seed
then were removed, blotted dry, and weighed.
Hard seed were not subtracted from the initial
seed weight before final calculations because
subsequent incubation tests determined they
were slowly imbibing and capable of leaking
electrolytes. EC was measured using an EC
Testrl 1 plus meter (Oakton Instruments,
Vernon Hills, IL) and results were expressed
as iiS-cm '-g '.

Seedling grow-out tests may be used to dis-
tinguish between strong and weak seedlings
within a seed lot (Hartmann et al., 2002). The
seedling grow-out test was performed using
the following procedure. Redi-Earth Plug and
Seedling peat-based substrate (SunGro Horti-
culture, Bellevue, WA) was placed into 20-
mm-width x 37-mm-depth plugs, irrigated,
and one scarified or non-scarified seed was
sown per plug. Plugs were misted and a clear
plastic dome was placed on top to prevent mois-
ture loss. The growth chamber was set at 20 to
30°C[14to 10h;dark-light(71 umol-m 2-s ')].
Emergence (having a visible hypocotyl) was
recorded daily. Abnormal seedlings were
counted as those not possessing essential struc-
tures required to produce a healthy, mature
plant (AOSA, 2007b). After 3 weeks of seed-
ling growth, plants were cut at the substrate
surface and seedling dry weight determined
(oven drying at 80 °C for 24 h).

Damage caused by scarification was deter-
mined by viewing through a dissecting micro-
scope. Seeds were subjected to scarification
using the procedure previously described.
Images were captured using a fiberoptic illu-
minator and a Nikon Coolpix 8700 digital
camera (Tokyo, Japan).

All seed germination experiments were
arranged in a randomized complete block
design with four replications per treatment.
Experiments for determination of EC were ar-
ranged randomly with three replications per
treatment. From these germination counts, the
angular transformation [arcsin V% transforma-
tion in degrees (deg.)] of FGP or final emer-
gence percentage (FEP), days to 50% FGP
(G5o, an inverse measure of germination rate),
days between 10% and 90% FGP (G,o_9o, a
measure of germination uniformity), and
square root transformation of abnormal seed-
ling percentage were subjected to analysis of
variance using PROC GLM (SAS 9.1; SAS
Institute, Inc., Gary, NC). Percentage data
transformations were followed as per Gomez
and Gomez (1984). Time to 10%, 50%, and

90% germination was based on a mathemat-
ical formula (Olszewski et al., 2009):

Gx = N + {[(Y X TSG) - SGN]/

(SGN+1 - SGN)}

where Gx is G,0 G50, or G9o; N equals the
number of the last day after initiation of the
germination assay with less than 10%, 50%,
or 90% of final germination, respectively,
for Gio, GSO, or G90; Y equals 0.1, 0.5, or
0.9, respectively, for GIQ, GSO, or Gg0; TSG
equals total number of seeds germinated;
SGN equals the number of seed germinated
by day N; and SON i ] equals the number of
seeds germinated by day N + 1 . Germination
uniformity was calculated using the equation
Gio-90 = (Gyo

Results

Germination rates of Illinois bundleflower
and showy ticktrefoil increased (lower G5o
values) with longer scarification duration
and/or higher germination temperature (Ta-
bles 1 and 2). Among those seeds receiving
mechanical scarification, treatment for 12 s
resulted in the lowest FGP for Illinois bundle-
flower and showy ticktrefoil (FGP for three
germination temperatures = 76% and 4%,
respectively). Scarification duration of Illi-
nois bundleflower seed had a greater effect on
FGP at 20 to 30 °C than at 1 5 or 20 °C. Non-
scarified Illinois bundleflower seed had 28%,
30%, and 38% FGP at germination temper-
atures of 15, 20, or 20 to 30 °C (16 to 8 h) in
darkness, respectively, but after scarification
(3 s in a scarifier) had 85%, 83%, and 92%
FGP. As scarification duration increased,
showy ticktrefoil FGP decreased; however,
seed at any scarification duration performed
similarly regardless of germination tempera-
ture. Overall, Illinois bundleflower and showy
ticktrefoil had lower G 10-90 values at 20 to
30 °C than at 15 or 20 °C. Whereas Illinois
bundleflower had a minimal difference be-
tween G10_9o values for the three scarification
durations at each germination temperature, a
12-s scarification duration resulted in lowest
Gio-9o values for showy ticktrefoil.

Scarified and non-scarified seeds of Illi-
nois bundleflower or showy ticktrefoil sub-
jected to accelerated aging (AA) resulted in
decreased FGP (Table 3). Scarified Illinois
bundleflower seed subjected to AA had 59%
FGP, whereas non-scarified seed subjected to
AA had 6% FGP. After AA, scarified showy
ticktrefoil seed had FGP of 11% and non-
scarified seed had an FGP of 1 8%, whereas
non-scarified and scarified seed without AA
had 78% and 58% FGP, respectively. Seed
moisture contents of non-scarified (control)
Illinois bundleflower and showy ticktrefoil
seed were 6.0% ± 0.1% and 7.0% ± 0.4%,
respectively. After AA, non-scarified seed
attained moisture contents of 13.7% ± 0.4%
and 13.3% ± 0.4%, whereas scarified seed
attained moisture contents of 15.7% ± 0.1%
and 14.7% ± 0.2% for Illinois bundleflower
and showy ticktrefoil, respectively. Non-
scarified Illinois bundleflower seed subjected
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Table 1. Final germination percentage (FGP) and its angular transformation (deg.), days to 50% of FGP
(G5()), and days between 10% and 90% of FGP (G|0 <») of Illinois bundleflower after mechanical seed
scarification and incubation at three temperature regimes.

Scarification duration (s)7

0 (control)

3

6

12

LSDo.05*

Germination temp (°C)y

15
20
20-30
15
20
20-30-v

15
20
20-30V

15
20
20-30''

FGP % (deg.) G50 (days)
28(31) 4.2
30 (33) 2.5
38(38) 1.9
85 (68) 4.2
83 (65)
92 (74)
83 (66)
83 (65)
91 (72)
70 (57)
78 (62)
79(64)

A
.1
.3
.4
.5
.6
.5
.2

(10) 0. 7

G,,, ,o (days)
5.8
3.9
3.2
4.3
2.0
1.8
3.4
2.3
1.7
3.9
2.2
2.2
2.1

Significance
Scarification duration (SD)

so—linear
so—quadratic

Germination temperature
(GT)

SDxGT

****#*

***
**

NS

***

NS

NS
***

NS
***

'Seeds were subjected to scarification by placing 1.0 g seed on 40-grit sandpaper within an electric scarifier
for specified durations.
yAll seeds were incubated in darkness. Seed incubated at 20 to 30 °C included a 16-h incubation period at
20 °C and an 8-h incubation period at 30 °C.
*Lsn<>(i5 = Fisher's protected least significant difference.
NS, *, **, ***Nonsignificant or significant at P £ 0.05, P £ 0.01, or P £ 0.001, respectively.
deg. = angular transformation of mean.

Table 2. Final germination percentage (FGP) and its angular transformation (deg.), days to 50% of FGP
(G50), and days between 10% and 90% of FGP (G|0 w) of showy ticktrefoil after mechanical seed
scarification and incubation at three temperature regimes.

Scarification duration (s)'
0 (control)

3

6

12

LSDo.05"

Germination temp (°C)y

15
20
20-30
15
20
20-30*
15
20
20-30?
15
20
20-30*

FGP % (deg.)
76(61)
81 (64)
79 (67)
66 (54)
61 (51)
72 (58)
43 (40)
51 (46)
58 (49)
2(6)
4(9)
5(12)

(II)

G5II (days)
12.5
9.1
8.0
4.5
2.8
2.4
4.2
2.5
2.4
5.0
2.5
2.1
3.2

GIO 90 (days)
6.6
5.4
5.3
4.7
2.9
2.4
6.4
4.6
2.2
0.8
1.4
1.1
2.4

Significance
Scarification duration (SD)

so—linear
SD—quadratic

Germination temperature
(GT)

SDxGT

***
#**

***
NS

***

***

***

**

***
**#

'Seeds were subjected to scarification by placing 1.0 g seed on 40-grit sandpaper within an electric scarifier
for specified durations.
J AII seeds were incubated in darkness. Seed incubated at 20 to 30 °C included a 16-h incubation period at
20 °C and an 8-h incubation period at 30 °C.
XLSD0()5 = Fisher's protected least significant difference.

* ** ***Nonsignificant or significant at P s 0.05, P s 0.01, or P £ 0.001, respectively.NS,

deg. = angular transformation of mean.

to A A had higher G50 and G10-90 values
compared with other treatments. Compared
with an untreated control, there was no effect
on G50 for Illinois bundleflower seed that was
scarified and subjected to AA.

Scarified seed leachate had higher EC
values than non-scarified (control) seeds (Fig.
1). Non-scarified (control) seed of showy
ticktrefoil and Illinois bundleflower had the
lowest EC values (13 and 44 ^S-cm '-g ',
respectively). After AA of non-scarified seed,
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EC values were 218 and 70 jiS-cm '-g ' for
showy ticktrefoil and Illinois bundleflower,
respectively. For showy ticktrefoil, seed scar-
ification followed by AA yielded highest EC.
EC values for scarified showy ticktrefoil and
Illinois bundleflower seed subjected to AA
were 302 and 102 u,S-cm '-g ', respectively.

Compared with 18% FEP for non-scarified
seed, FEP was 77% for scarified Illinois
bundleflower, but scarified showy ticktrefoil
FEP was only 15% compared with 74% FEP

for non-scarified seed (Table 4). There were
no differences between abnormal seedling
counts for scarified or non-scarified Illinois
bundleflower; however, scarified showy tick-
trefoil seed had a higher percentage of abnor-
mal seedlings (16%) than did non-scarified
seed (1 %). There were no seedling dry weight
differences for scarified or non-scarified Illi-
nois bundleflower or showy ticktrefoil.

A specialized U-shaped depression within
the seedcoat, called the pleurogram, is located
on Illinois bundleflower (Fig. 2A), whereas
a conspicuous oval-shaped, slightly raised
hilum is located on showy ticktrefoil (Fig.
2B). After 3 s of mechanical scarification, the
seedcoat was abraded along the periphery of
the seed and, sometimes, damage penetrated
into the cotyledonary tissue (Fig. 2C-D).
Damage was similar for Illinois bundleflower
and showy ticktrefoil with regard to the
peripheral damage of the seedcoat. Occasion-
ally, seed had severe tissue obliterations after
3 s of mechanical scarification. No damage to
the hilum or the pleurogram was observed
after 3 s in a scarifier. Increasing the duration
of scarification increased the amount of pe-
ripheral damage and the amount of seed tissue
obliteration.

Discussion

Germination and vigor tests of mechani-
cally scarified Illinois bundleflower seed indi-
cated that FGP, G50, and FEP can be improved
after a 3-s scarification procedure (Tables 1
and 4). Additionally, we found benefits at
suboptimal germination temperatures. Seed-
coat damage was moderate, but sometimes
relatively large obliterations occurred around
the periphery of the seed (Fig. 2C). Increasing
the scarification duration increases the amount
of obliteration; thus, for successful scarifica-
tion, the amount of damage requires visual
monitoring as well as germination and vigor
testing. Mechanical scarification using a scar-
ifier has direct commercial applications for
increasing stand establishment (Hicks et al.,
1989). Results from seeding of Illinois bundle-
flower in the field indicated that subsequent
stands can vary widely by year and that initial,
rapid plant establishment is important (Dovel
et al., 1990). Compared with "nicking" tech-
niques with razor blades or knives and sul-
phuric acid soaks that increased germination
percentage of Illinois bundleflower (Call,
1985; Latting, 1961), the use of a scarifier is
a practical method of scarification.

Although uniform repeatability was asso-
ciated with the Forsberg scarifier (Liu, 2008),
we found FGP variation at incubation tem-
peratures of 20 to 30 °C after a 3-s scarifica-
tion treatment in which Illinois bundleflower
had 92% or 80% FGP and showy ticktrefoil
had 72% or 58% FGP (Tables 1-3). Nonethe-
less, IL bundleflower seed benefited from a
short scarification procedure. Non-scarified
showy ticktrefoil was slow-germinating, but
most seed emerged by the third week after
sowing (Table 4). Scarification damaged the
showy ticktrefoil embryo as indicated by the
higher number of abnormal seedlings and,
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Table 3. Final germination percentage (FGP) and its angular transformation (deg.), days to 50% of FGP (G50), and days between 10% and 90% of FGP (G10 w)
Il l inois bundleflower and showy ticktrefoil after mechanical seed scarification and accelerated aging/

Legume Species
Seed treatments

Accelerated
aging* (d)
No
No
Yes
Yes
LSD0.05V

Scarification"
No
Yes
No
Yes

Illinois bundleflower
Seed moisture""

(%)
6.0 ±0.1
7.0 ±0.1

13.7 ±0.4
15.7 ±0.1

FGP %
(deg.)

26(31)
80 (64)
6(13)

59 (50)
(9)

G5o
(days)

1.9
1.4
2.8
1.5
0.6

GIO to
(days)

2.8
1.4
4.5
1.6
2.1

Seed moisture™
(%)

7.0 ± 0.4
6.7 ±0.1

13.3 ±0.4
14.7 ±0.2

Showy ticktrefoil

FGP %
(deg.)
78 (62)
58 (49)
18(25)
11 (19)

(7)

G50

(days)
8.8
2.7
5.9
7.2
3.0

GIO 90

(days)
6.3
6.2
7.6
5.0
4.9

'All seeds were incubated at 20 to 30 °C using a 16-h incubation period at 20 °C in darkness and an 8-h incubation period at 30 °C in darkness.
''Seeds were subjected to accelerated aging by incubating 5 g seed at 41 °C for 72 h in nearly 100% relative humidity before seed testing.
"Seeds were subjected to scarification by placing 1.0 g seed on 40-grit sandpaper within an electric scarifier for 3 s.
"Seed moisture percentage (± so) was based on water loss (130 °C for 1 h) from initial seed weight and two replicates.
VLSD005 = Fisher's protected least significant difference,
deg. = angular transformation of mean.

hiium

250

200

150

100

50

Showy ticktrefoil

Q Illinois bundleflower

accel aged scarlf scarlf + accel aged

Fig. I . Electrical conductivity (EC) measurements of showy ticktrefoil and Illinois bundleflower seed
subjected to accelerated aging (accel aged), scarification (scarif), or scarification followed by
accelerated aging (scarif + accel aged). Non-scarified seed without accelerated aging were used as
the control. Incubation of 5 g seed in distilled water for EC measurements was at 20 °C in darkness for
24 h and, for accelerated aging, by adding 5 g seed at 41 °C for 72 h at »100% relative humidity. Error
bars - so.

Table 4. Final emergence percentage (FEP) and its angular transformation (deg.), abnormal seedling
percentage (ASP) and its square root transformation (\f), and seedling dry weight of Illinois
bundleflower and showy ticktrefoil after mechanical scarification and sowing into peat-based
substrate and subsequent incubation at 20 to 30 °C (14 to 10 h; dark-light) for 3 weeks.

Legume species
Illinois bundleflower

Scarification'
No
Yes
LSD0.05W

FEP %
(deg.)
18(25)
77(61)

(8)

ASP* %
(V)

3(2)
4(2)

(1)

Dry wtx

(mg/shoot)
5.3
6.5
2.1

FEP %
(deg.)
74 (59)
15(22)

(12)

Showy ticktrefoil

ASP* %
(V)
1(1)

16(4)
(1)

Dry wtx

(mg/shoot)
3.8
4.7
1.0

'Seeds were subjected to scarification by placing 1.0 g seed on 40-grit sandpaper within an electric scarifier
for 3 s.
yAbnormal seedlings were those that did not contain essential structures for healthy development into
a mature plant.
"After 3 weeks, seedlings were cut at the substrate surface and oven-dried at 80 °C for 24 h to determine
seedling dry weight.
WLSD()05 = Fisher's protected least significant difference.
deg. = angular transformation of mean.
7 = square root transformation of mean.

although emergence is high without scarifi-
cation, the slow rate of germination may limit
stand establishment. A brief report indicated
that hand scarification of showy ticktrefoil

resulted in high FGP of scarified compared
with non-scarified seed (Susko, 2008). A test
subjecting showy ticktrefoil seed to a mild
hand scarification technique using 60-grit

Fig. 2. Seeds of (A) non-scarified Illinois bundle-
flower; (B) non-scarified showy ticktrefoil; (C)
scarified Illinois bundleflower; and (D) scarified
showy ticktrefoil. Seeds were scarified in an
electric scarifier for 3 s. The U-shaped pleurogram
of Illinois bundleflower and the hilum of showy
ticktrefoil are shown. Arrows indicate peripheral
damage (pd) caused by the scarification process.

sandpaper (including brief abrasion of the
region of the hilum) and subsequent incuba-
tion at 20 to 30 °C resulted in a 1% increase
in FGP, a 64% increase in germination rate,
and a 29% increase in germination unifor-
mity (data not shown).

Higher degrees of seedcoat damage caused
by scarification of Chinese licorice (Glycyr-
rhiza uralensis Fisch. ex DC.) resulted in
increasingly higher EC values of leachate
(Jin et al., 2006). In pea (Pisum sativum L.),
increased cracking of the seedcoat resulted in
increased electrolyte leakage and low seed
vigor (Powell and Matthews, 1979). Our re-
sults confirm a similar phenomenon whereby
mechanical scarification resulted in increased
EC of Illinois bundleflower and showy tick-
trefoil (Fig. 1). However, there was no differ-
ence in EC between non-scarified and scarified
Illinois bundleflower seed subjected to AA,
indicating that scarification did not reduce
vigor. Higher EC values of showy ticktrefoil
seed subjected to scarification followed by AA
indicated that scarification lowered vigor.

Use of a scarifier could potentially aid res-
toration ecologists to rapidly break physical
dormancy of native legumes before sowing or
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to enhance uniformity of native plug pro-
duction in greenhouses. Mechanical scarifica-
tion using a Forsberg seed scarifier is a more
successful and feasible commercial method
than acid scarification of Ruby Valley Point-
vetch, a legume (Hicks et al., 1989); however,
equipment specifications of motor size (one
speed) and single-sized form-fitting sandpaper
liner (40 grit) limit the use of this instrument
for native legumes. A lower speed seed
scarifier reduced abrasion in cereal caryopses
and replacing the single-speed motor with
a dual one-third and one-sixth horsepower
motor has advantages (Liu, 2007). Although
showy ticktrefoil seed can be successfully
scarified (no loss of FGP, increased germina-
tion rate, and increased uniformity compared
with the control) with 60-grit sandpaper by
a hand scarification technique, we determined
that a scarifier damaged showy ticktrefoil
seed. Germination and vigor benefits were
obtained for Illinois bundleflower when the
scarifier was used, which resulted in increased
FGP at multiple temperatures, decreased GW,
decreased G10-90, and increased FEP com-
pared with using non-scarified seed.
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