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Abstract

Switchgrass (Panicum virgatum L.) has potential as a forage
and bismass crap, but difficult establishment has limited its use,
Germination and emergence were studied for 6 cultivars of
switchgrass (‘Alamo’, ‘Blackwell’, ‘Cave-in-Reck’, ‘Kanlow’,
‘Pathfinder’, and ‘Trailblazer’). Germination studies were con-
ducted to determine the effect of light on germination and
coleoptile length, and to determine the effect of seed size (40, 50,
63, 70, and S0° air valve settings for a South Dakota seed blower)
on germination. A greenhouse study was also conducted to exam-
ine the effect of seed size, planting depth, (5, 10, and 20 mm), and
soil type (sand and 2 silt loams) on emergence. Germination of
unsized seed increased linearly as duration in the germination
chamber increased from 7 to 21 days for all cultivars. Although
presence of light did not affect germination, coleoptile length
under continucus darkness averaged 4.1 cm and was greater
than the 1.0 cm measured for those with daily light exposure of
16 hours. Both germination and emergence increased nonlinearly
as seed size increased. For both silt-loam soils, emergence was
low ard not affected by planting depth. A nonlinear decline in
emergence with increased planting depth was detected in sand 7
days after planting, but not after 14 and 21 days. Results of the
study indicate that seed size and soil texture had a greater effect
on emergence than did planting depth down to a depth of 20 mm.

Key Words: Gramineae, native grasses, Panicum virgatum L.,
coleoptile

Switchgrass (Panicum virgatum L.} is a highly productive
perennial that is adapted to much of the central and eastern USA.
There is considerable interest in switchgrass as both a forage and
a biomass crop, but slow and inconsistent establishment has lim-
ited its commercial use. A correlation between seed weight and
seedling vigor has been reported for numerous native grasses
(Rogler 1954, Kneebone and Cremer 1953, Kittock and Patterson
1962, Glewen and Vogel 1984). Boe and Johnson (1987) specu-
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lated that seed size should be a selection criteria for improving
the seedling vigor of switchgrass. Although Jensen and Boe
(1991) found considerable variation in seed size, a relationship
between seed size and either germination or seeding vigor was
not determined.

The purpose of this study was to determine whether seed size
can be exploited as a means of improving switchgrass establish-
ment. The objectives were to examine: (1) the effect of light and
duration in the germination chamber on germination and coleop-
tile length, (2) the relationship between seed size and germina-
tion, and (3) the effect of seed size on emergence for 6 cultivars
of switchgrass planted at different depths and in different soil
types. The cultivars studied were 2 lowland types, Alamo and
Kanlow, and 4 upland types, Blackwell, Cave-in-Rock,
Pathfinder, and Trailblazer.

Materials and Methods

Germination and Coleoptile Length for Unsized Seed

Fifty seeds of each cultivar were placed in 7 X 7 cm sealed
plastic germination boxes on doubled-layered paper towels
moistened with distilled water. The boxes were placed in a germi-
nation chamber set for alternating temperatures of 20° C for 16
hours (dark) and 30° C for 8 hours (light). A continuous darkness
treatment was imposed by wrapping individual boxes with alu-
minum foil. Treatment combinations were arranged in a random-
ized complete block design with 4 replications within the germi-
nation chamber. Cumulative germination counts were made after
7-, 14-, and 21-days. There were separate germination boxes used
for each cultivar x light-dark exposure X duration time combina-
tion. Germination was determined to have occurred when the
radicle reached 2 mm in length. Following each germination
count, 10 coleoptiles were chosen randomly from each box for
measurement of length.

Seed Size Distribution

Four random, 5-g samples of seed were taken for each cultivar.
Each sample was separated into 5 seed size classes using a South
Dakota seed blower Air valve settings of 40, 50, 60, 70, and 80°
were used for the separations. Seed of each cultivar and size class
combination were subsequently weighed and counted, using an
electronic seed counter.
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Germination and Emergence of Sized Seed

Germination was determined for 25 seed of each size class of
cultivars following the same procedure as for the unsized seed,
except that no continnous darkness treatment was used.

For each cultivar, 25 seed of each of 3 size classes (50, 60, and
70° air valve settings) were planted in pots in a greenhouse at 3
depths (3, 10, and 20 mm) in either sand or in topsoil of 2 differ-
ent silt loams (Leadvale—fine silty, siliceous, thermic Typic
Fragiudult; and Taft-fine silty, siliceous, thermic Typic
Flossaquic Fragiuduolt). Low seed numbers for the lowest and
highest size classes made it necessary to limit testing to only the
3 intermediate size classes. Treatments were arranged in a split
plot (4 splits) design with 4 replications. Cultivar was the main
plot and the order of the split plots was size, soil, and planting
depth. The pots were watered twice daily at 12-hour intervals
using an automatic sprinkler. Emergence was counted after 7-,
14-, and 21-days.

Statistical Analysis

All percentage data were transformed using an arcsine function
before analysis. Germination and coleoptile length as a function
of time for unsized seeds, and germination and emergence
Tesponses to seed size and soil type were analyzed using orthogo-
nal polynomials to determine linear, quadratic, and cubic trends
(Steel and Torrie, 1980). Determination of significant orthogonal
polynomials for all simple effect comparisons followed GLM
procedures for SAS described by Littell et al. (1991).

Results

Germination and Coleoptile Length for Unsized Seed
Germination percentage increased linearly with time for all

cultivars, except for Trailblazer and Kanlow (Table 1). Presence

or absence of light did not affect germination (P > 0.1), but did

Teble 1. Germination of unsized seed for 6 cultivars of switchgrass as
offected by duratian in the germination chamber,

Durstion
Cultivar 7 14 21 SEM Ftest!
_________ oo
Alamo 63.0 692 770 20 L
Blackwell 57.0 63.0 67.5 1.6 L;**
Cave-in-Rock 525 635.7 69.7 19 L*; s
Kanlow 495 727 70.0 25 LM_;,Q
Pathfinder 79.0 89.7 210 17 L
Trailblazer 783 827 813 13 NS§?
! Linear (L) and quadsatic Q) responses.
*P<0.0D, T (P2 0.00D).

2 Not significant (P> 0.1).

affect coleoptile length. Coleoptiles grown under continuous
darkness were longer (P < 0.001) than those grown with light
exposure. Mean coleoptile length at 21 days was 0.9 cm (SEM =
0.03) for continuous light and 4.7 cm (SEM = 0.2) for the contin-
uous-darkness treatment. For continuous darkness, all cultivars
showed a nonlinear increase in coleoptile length between the 7-
and 21-day durations (Table 2).
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Table 2. Coleoptile length for 6 cultivars of switchgrass as affected by
duration in the germination chamber.

Duration

Cultivar 7 14 21 SEM F test]

.......... Mmoo
Alamo 25 52 5.1 04 L™ o*
Blackwell 3.1 43 38 0.3 Q"
Cave-in-Rock 2.9 5.1 5.7 04 L¥** Q?
Kanlow 22 36 42 03 L**
Pathfinder 28 5.0 45 0.4 L*o*
Trailblazer 2.8 5.1 48 03 L¥ Q™

! Linear (L) and quadratic (Q) responses.
*(P<005). ** (P<o0D),), ""‘P(P < 0.001).
2(p<od)

Seed Size Distribution

A positive, nonlinear relationship between seed weight and
seed size class was also determined for all cultivars, except Cave-
in-Rock (Table 3). Whereas Cave-in-Rock showed a linear
increase as seed size class increased, the increases for the other
cultivars were nonlinear between the 60 to 80 seed size classes.

Table 3. Seed weight (mg/100 seed) for 6 switchgrass cultivars as affect-
ed by seed size.

Seed Size Class

Cultivar 40 50 60 70 80  SEM Ftest
-------- mg/100seed--------- .

Alamo 572 8§28 1126 1222 1359 18 L*™0

Blackwell 677 1043 1460 1758 2046 03 L™ Q™ C

Cave-in- -

Rock 828 1128 1491 1821 2007 18 L

Kanlow 635 787 983 1156 1300 02 L***,g—ec***

Pathfinder 603 933 1388 1710 1950 06 L Q C™

Trailblazer 1541 1622 1848 2108 06 L** Q™

'Y inear (L) , quadratic (Q) and Eubic (C) responses.
<001, ™" (P£0.001), 7" (P£0.001).
“(P=0.).

Germination of Sized Seed

There was a nonlinear increase in germination percentage as a
function of seed size for all cultivars, except Trailblazer after 7,
14, and 21 days (Table 4). Trailblazer germination was relatively
high for all seed size classes. For the other cultivars, total germi-
nation percentage increased nonlinearly between the 40 and 80
seed size classes. Germination for the 40 seed size class was less
than 10% for all cultivars, except Alamo and Kanlow. Thus, even
though there was an increase in total germination percentage as
seed size increased, the range in germination response was gener-
ally lower for Alamo and Kanlow than for the other cultivars.
Pathfinder was the only cultivar with germination equal to or
greater than 90% for the 70 and 80 seed size classes, which
caused considerable range in germination between the lowest
and highest seed size classes.
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Table 4. Germination of 6 switchgrass cultivars as affected by seed size.

Cultivar Sead Size Class
Duration 40 50 60 70 80

SEM

____________ [,

Alamo ses s
7 1.0 225 500 625 655 43 LT Q-
14 310 565 725 805 720 35 L Q77
21 335 595 735 835 M0 35 LTQ

Blackwell N
7 10 225 690 790 775 63 LT.Q 77
14 55 410 785 850 840 61 Lo-Q.
21 70 450 800 80 840 60 LT Q

Cave-in-Rock s e
7 10 75 305 630 650 53 L C°.
14 15 310 470 735 755 58 L__Q -
21 15 355 495 755 710 58 LTQ

Kanlow s _son
7 80 310 565 710 75 51 LoQ°
14 315 615 755 850 850 41 LTUQF
21 365 620 775 870 865 39 LTQ

Pathfinder svs _zas
7 10 245 775 920 900 72 LTQLC
14 20 395 875 945 955 72 LQ -
21 25 405 8§75 955 95 72 LTTQ

Trailblazer
7 705 735 750 750 15 N§

14 755 820 520 80 11 Q@
21 765 835 830 815 L1 @

! Linear (L), quadratic {Qv, and cubic (C) responses,

2P 0.05). 7 (P<0.01), 7 (P 0.001).
; Not significant (P> 0.1).

“(PEO]).

Emergence of Sized Seed

Emergence was relatively poor in the 2 silt-loam soils, particu-
larly for the Taft soil. By 21 days, overall emergence was 15.1%
for the Taft soil, 21.2% for the Leadvale soil, and 59.1% for the
sand. There was a soil  seed size interaction (P < 0.01) on
emergence after 7, 14, and 21 days (Table 5). There was a posi-
tive, nonlinear response to seed size in sand. Emergence in the 2
silt-loam soils was low at 7, 14, and 21 days, but did show a pos-
itive, linear response to seed size.

There was a soil x seed size-class interaction (P < 0.01) for
emergence at 7, 14, and 21 days. This was due to the poor emer-
gence response to szed size in the 2 silt-loam soils. Emergence in
the sand increased with an increase in seed size class for all cul-
tivars, except Trailblazer (Table 6). There were nonlinear
increases in emergence between the 60 and 70 seed size classes
for Alamo, Blackwell, Cave-in-Rock.

Rock and Pathfinder; however, there was a linear increase in
emergence as seed size class increased for Kanlow. Depth of
planting did not affect emergence in either of the 2 silt-loam
soils. For the sand, there was a nonlinear decline (P < 0.05) in
emergence with greater planting depths on day 7; however, there
was no response to planting depth by days 14 and 21.

Discussion

Higher germination and emergence for the larger seed sizes
was, for the most part, consistent among cultivars. This supports
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the conclusion by Boe and Johnson (1987) that cleaning the seed
to increase the percentage of large seed and breeding for large
seeded cultivars represent 2 potential methods for improving the
consistency of switchgrass establishment. Kneebone and Cremer
(1955) reported seed of Blackwell switchgrass less than 1.27 mm
in diameter to have lower germination and seedling vigor than
seed of greater diameter (Kneebone and Cremer, 1955). Mian and
Nafziger (1994) reported a direct relationship between seed size
of wheat (Triticum aestivum L.) and seedling shoot weight, root
weight, and tiller number. Germination, and seedling root and
shoot length for big bluestem also have been shown to be posi-
tively correlated with caryopsis size (Springer, 1991). Planting
larger seed may improve germination and seedling vigor and,
thus, improve the chances of successful establishment when con-
ditions are less than ideal.

Greater coleoptile lengths for the continuous darkness treat-
ment indicates that elongation and growth of switchgrass coleop-
tiles ceases once light is intercepted. Coleoptile length was maxi-
mum for most of the cultivars by 14 days. Energy was likely
depleted at this time. The Kanlow seedlot had relatively shorter
coleoptile length. Low seed weight for this seedlot of Kanlow
indicates that there was relatively less energy for sustained
growth however, Kanlow did exhibit extended growth beyond 14
days.

Results of these studies showed a strong relationship between
seed size and both germination and emergence. For planting
depths between 5 and 20 mm, there appears to not be a relation-
ship between switchgrass emergence and planting depths. Under
the conditions of this experiment, however, emergence of switch-
grass was enhanced when planted in the lighter textured soil.

Table 5. Emergence for 6 cultivars of switchgrass in a sand and 2 silt-
loam soils as affected by seed size,

Soil Seed Size Class
Duration 50 60 70 SEM Ftest'
............ L/,
Sand
7 29.7 50.8 60.4 03 L™ Q™
4 385 62.5 68.2 03 L Q"
21 41.1 64.8 716 03 L¥** 0%
Leadvale
silt loam
7 9.8 19.1 17.1 03 L*
14 12.0 222 247 0.3 L**
21 128 24.1 26.7 03 L™
Taft silt loam
7 7.8 104 115 03 L2
14 10.6 13.8 15.1 0.3 L?
21 125 16.9 18.8 0.3 L?
! Linear (L) and quadratic (Q) responses.
*(P<005). %" (P<0.01). 7™ (P<0.001),
2 (p<0.1).
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Table 6. Emergence in sand for 6 switchgrass cultivars as affected by
seed size.

Cultivar Seed Size Class
Duration 30 60 70 SEM Ftest’
_________ 7 S
Alamo
7 383 60.3 59.7 34 L@
14 59.0 75.0 720 33 Lf
21 623 76.7 753 3.1 1?
Blackwell
7 277 61.7 633 41 L*™¢*
14 267 70,0 637 40 L** Q"
21 413 71.0 720 38 L™
Cave-in-Rock
7 1.7 213 353 29 L™ @
14 23 303 463 35  L™Q°
21 33 327 483 36 L7
Kanlow
7 35.0 440 587 33 L
14 343 573 65.7 32 Lt
21 483 603 73.0 33 *
Pathfinder
7 187 587 $3.0 49 L™
14 250 733 88.7 49 L™Q*
21 277 78.0 903 48 L¥**o*
Trailblazer
7 367 59.0 62.7 25 Ns?
14 63.7 69.0 68.0 25 NS
21 637 70.0 733 25 NS
i Y and quadratic (i nses.
(3 gg&x % Feoon ).Qge(s;as 0.001),
2P<o0).
¥ Not significant (P> 0.1).
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