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, . . . . - - - - - - - - - - - - - - - - - - - Abstract - - - - - - - - - - - - - - - - - - - - - - ,
Seeds of Coreopsis lanceolata (coreopsis) and Echinacea purpurea (purple coneflower) were primed to determine whether improved
plug production of these herbaceous perennials would result. Experiments were conducted at two locations: Texas A&M University
(TAMU), College Station, Texas; and Buell's Inc., Cibolo, Texas. Location had a significant effect on emergence, with both
species having greater emergence percentages at Buell's Inc. than at TAMU. This effect is attributed mainly to watering systems
and plug aeration. Priming significantly increased emergence of only E. purpurea grown at TAMU. Seedlings from seeds primed
in 50 mM potassium salts for nine days at 15°C (59°F) had more than twice the emergence percentage (47%) of seedlings from
nonprimed seeds (21 %). Priming did have a significant effect on the root development of both species. Echinacea purpurea seedlings
from primed seeds had a 44 to 51 % increase in total root area compared to nonprimed seeds. Coreopsis lanceolata seedlings from
primed seeds had up to an 85% increase in root area compared to seedlings from nonprimed seeds. In plug systems, relatively
developed root systems may result in positive growth response after transplanting.
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Significance to the Industry

Introduction

The same factors enhancing the usefulness of plugs in
nursery production, i. e. small, compartmentalized cells re
ducing competition between plants and making transplanting
easier, also intensify problems such as saturated soils and
poor soil aeration not associated with standard production
procedures (2, 11). Seed priming has demonstrated an abil
ity to improve germination and emergence of seeds under
stress conditions such as extreme temperature and excessive
moisture (4, 8, 15, 16). In this study, when plugs were
grown under less than ideal conditions, primed seeds of E.
purpurea performed better than did nonprimed seeds even
though germination was greatly reduced. When greenhouse
conditions were ideal, the benefits of priming were not as
obvious because the germination of all treatments improved.
Priming did result in greater root development for both
species, which may be significant in terms of improved
transplanting and response to transplanting.

One of the greatest opportunities for economic success
in the nursery industry in recent years has been the pro
duction and sale of potted perennials (13, 14, 17). The use
of plug production systems can enable growers to take ad
vantage of this opportunity by producing great quantities of
perennials economically and efficiently (2, 7, 11).
One of the keys to successful plug production is vigorous,
uniform seedlings produced from quality seed germinating
rapidly and uniformly (2, 7, 11). Unfortunately, many her
baceous perennials have complex dormancy systems cre
ating problems for commercial producers (12). Seed priming
is a pregerminative treatment used to improve germination
performance of two perennial species, C. LanceoLata (cor
eopsis) and E. purpurea (purple coneflower) (15, 16). Yet,
no research has been done to evaluate the benefits of priming
perennial seed for use with plug production systems.
The purpose of this study was to determine whether prim
ing improves emergence and growth during perennial plug
production under normal greenhouse conditions.
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Materials and Methods
Greenhouse experiments were conducted at Texas A&M
University (TAMU) in College Station, Texas and at Buell's
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Inc., a commercial greenhouse operation in Cibolo, Texas.
Priming treatments were modifications of the most suc
cessful treatments used by Samfield et ale (15, 16) on the
species used in the present study.
In August 1989, seeds of C. lanceolala and E. purpurea
were placed in paper mesh bags and suspended in plastic
three-liter bottles containing aerated solutions of either dou
ble-distilled water (ddH 20) or 50 mM potassium phosphate
buffer (KH 2 P0 4 + K 2 HP0 4 , pH 7.0). Coreoposis lanceo
lala was primed for 6 days at 15°C (59°P) or for 3 days at
26°C (79°F). Echinacea purpurea was primed for nine days
at 15°C (59°F) or for one day at 26°C (79°F). Each solution
was aerated using plastic tubing connected to two 115V
PennPlax (PennPlax Plastic, Inc., Garden City, NY) aquar
ium pumps. After priming, seeds were removed, rinsed
thoroughly in ddH 20 for 60 s, and air dried at room tem
perature (26 ± 1°C, 79 ± 1°F) for 24 hours. Controls were
the untreated dry seed of each species.
After seeds were air dried, 10 replications of 40 seeds
each were planted, one seed per cell, in #200 plug trays
(A.H. Hummert's, St. Louis, MO) containing a soilless
medium (Redi-Earth Mix, Cambridge, MA). Seeds were
planted at a depth of approximately I cm (0.4 in). Five
replications of each species were tested at both locations.
For 28 days, plug trays were germinated under mist at 28
ml (0.84 oz) H20 per emitter over 6 severy 6 min at TAMU
and at 187 ml (5.61 oz) H20 over 4 severy 32 min at Buell's
Inc. Ambient temperatures in the TAMU greenhouse av
eraged 28°C (82°F) day/18°C (64°F) night. Ambient green
house temperatures at Buell's Inc. averaged 32°C (90°F)
day/21°C (70°F) night. Seedlings were fertilized weekly
with 200 ppm N (20N-I0K 20-20P 20s).
Daily emergence counts of the number of seedlings hav
ing two cotyledons appearing above the soil surface were
taken on the first day following planting through day 28 at
TAMU and day 31 at Buell's ..The experiment was con
ducted as a 2 x 2 factorial with a separate control in a
completely randomized design. An analysis of variance was
conducted, and mean separations were determined by Stu
dent-Newman-Keuls' (SNK) Test (18).
A second experiment was initiated in November 1989 at
TAMU to examine the effects of priming on specific growth
parameters of seedling plugs of C. lanceolala and E. pur
Table 1.

purea. Seeds of both species were primed and planted ac
cording to the methods described previously. Four replications
of 30 samples each were seeded for each species. Seeds
were germinated under mist with 187 ml (5.61 oz) H20
emitted per emitter for 4 severy 32 min. Bottom heat was
set at 22°C (72°P). Trays were drenched with Banrot® fun
gicide (14 mg a. i./ 1 H20) on day 3 and fertilized once at
200 ppm N (20N-I0K 20-20P20 s) on day 25. Ambient green
house temperatures averaged 23°C (73°F) day/17°C (63°F)
night, and the soil temperature averaged 22 ± 1°C (72 ±
1°F). An additional 16 replications of each treatment, 30
samples per replication, were grown for destructive sam
pling.
At the 3 to 4 leaf stage an electronic "Digimatic" caliper
(Mirutoyo Corp., Tokyo, Japan) was used to take growth
measurements on five representative seedlings of each treat
ment. The distance between the tips of the first true leaves
was measured for C. lanceolala, and the length of the leaf
blade of the first true leaf was measured for E. purpurea.
Five representative seedlings were selected from the ad
ditional replications for destructive sampling every three
days until the end of the experiment. Data that was collected
included leaf spread or blade length, shoot and root lengths,
shoot and root areas by means of a Li-Cor Portable area
meter (Model LI-3000), and root and shoot dry weights.

Results and Discussion
Location did have a significant effect on the emergence
of both species, with a greater total percentage emergence
for both species occurring at Buell's Inc. than at TAMU
(Tables 1 and 2). At Buells, seeds of C. lanceolala had a
mean final emergence of 51 % for all treatments combined,
compared with one of 400/0 for identical treatments at TAMU .
Mean final emergence for all treatments of E. purpurea
seeds was 860/0 at Buell's and 33% at TAMU.
Priming significantly increased seedling emergence of only
one of the species at one location when data were analyzed
on a weekly basis. Priming in 50mM potassium salts for
nine days at 15°C (59°P) significantly increased seedling
emergence of E. purpurea at TAMU throughout the study
(Table 1). By termination, more than twice as many seed
lings (47%) had emerged from primed seeds than from non
primed seeds (21 0/0).

Effects of priming on seed emergence of Echinacea purpurea and Coreopsis lanceolata at Texas A&M Horticulture greenhouses.
Emergence (%)

Priming Treatment

3

9 days in 50 mM potassium salt at 15°C (59°F)
9 days in ddH 20 at 15°C (59°F)
1 day in 50 mM potassium salt at 26°C (79°F)
1 day in ddH 20 at 26°C (79°F)
No priming

o aZ

Days
14

7

21

28

Echinacea purpurea
Oa
Oa
1.0 a
Oa

34 a
14 ab
19 ab
10 b
6b

44
28
34
24
16

a
ab
ab
ab
b

47
32
40
27
20

a
ab
ab
ab
b

47
32
40
32
21

a
ab
ab
ab
b

38
41
41
38
36

a
a
a
a
a

39
43
43
39
37

a
a
a
a
a

Corepsis lanceolata
6 days in 50 mM potassium salt at 15°C (59°F)
6 days in ddH 20 at 15°C (59°F)
3 days in 50 mM potassium salt at 26°C (79°F)
3 days in ddH 20 at 26°C (79°F)
No priming

8a
8a
3a
1a
Oa

28
33
32
31
24

a
a
a
a
a

36
40
38
36
34

a
a
a
a
a

ZMeans within a column for each species with the same letter are not statistically different (P = 0.05) according to Student-Newman-Keuls' (SNK) test.
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Table 2.

Effects of priming on seed emergence of Echinacea purpurea and Coreopsis lanceolata at Buell's Inc. greenhouses.
Emergence
3

Priming Treatment

(0/0)

Days
17

10

24

31

Echinacea purpurea
9
9
I
I

10
2
2
I
I

a/.
a
a
a
a

78
75
90
85
76

a
a
a
a
a

6
6
3
3

8
8
8
8
8

a
a
a
a
a

12
14
17
16
8

a
a
a
a
a

days in 50 mM potassium salt at 15°C (59°F)
days in ddH 20 at 15°C (59°F)
day in 50 mM potassium salt at 26°C (79°F)
day in ddH 20 at 26°C (79°F)
No priming

84
85
92
88
79

a
a
a
a
a

84
85
92
88
80

a
a
a
a
a

84
85
93
88
80

a
a
a
a
a

42
41
50
52
44

a
a
a
a
a

48
43
52
59
52

a
a
a
a
a

Corepsis lanceolata
days in 50 mM potassium salt at 15°C (59°F)
days in ddH 20 at 15°C (59°F)
days in 50 mM potassium salt at 26°C (79°F)
days in ddH 20 at 26°C (79°F)
No priming

30
30
34
40
32

a
a
a
a
a

/.Means within a column with the same letter are not statistically different (P = 0.05) according to Student-Newman-Keuls' (SNK) test.

High temperature and adequate moisture are the most crit
ical factors affecting emergence during plug production (6,
11). Koranski (10), working with plugs of Impatiens cul
tivars, found that emergence increased with temperature,
with the greatest emergence percentage occurring at 30°C
(86°F) and the lowest occurring at 17°C (63°F). Laboratory
studies testing the effects of temperature on primed seeds
of C. lanceolata and E. purpurea, however, showed that
priming improved germination percentages of both species
across a broad temperature range of 15°C (59°F) to 30°C
(86°F) (15, 16). Samfield's (15) greenhouse studies resulted
in emergence percentages as great as 71 and 79% for primed
seeds of C. lanceolata and E. purpurea, respectively; at
greenhouse temperatures of 23°C (73°F) day/18°C (64°F)
night. Average day and night temperatures in the TAM U
greenhouse during the first experiment (26°C-79°F day and
18°C-64°F night) were similar to those of Samfield's, a fact
indicating that temperature may not be the only factor re
sponsible for the poor emergence responses of all treatments
at TAMU.
Working with seeds of Impatiens cultivars in plugs,
Karlovich (9) found that when seeds were buried, post
germination activities relating to oxygen availability in the
soil medium were more of a problem for emergence than
was temperature. Available oxygen is crucial to emergence
because of its importance during the pregermination (LAG)
Table 3.

phase and because of its effect on seedl ing emergence after
radicle emergence (9). During the first experiment at TAMU,
plugs were clearly saturated beyond a point conducive to
either germination or seedling development. The amount of
mist collected at the emitter heads at TAMU was less than
that at Buell's Inc., but the pressure was lower (10 PSI
compared to 60 PSI), and the applications were more fre
quent (every 6 min compared with every 32 min). The
greater moisture at TAM U may have resulted in a higher
volume of water that actually landed on the flats with less
drainage time and thus resulted in less oxygen becoming
available for emergence or seedling growth. Results from
this first experiment in part support previous research show
ing that priming has the ability to improve germination and
seedling emergence under environmental stress conditions
such as extreme temperatures or saturated soils (4, 8, 15,
16). This was so only for E. purpurea at TAMU, where
conditions were suboptimal. When greenhouse conditions
are optimal or close to optimal, as at Buell's, the benefits
of priming on emergence are not as obvious because emer
gence for all treatments is high.
The second study indicates that priming did not signifi
cantly affect growth of seedlings, with the exception of root
development for both species (Table 3). There were 44 and
51 % increases in total root area of E. purpurea plugs from
ddH 20 - and potassium salt-primed seeds, respectively,

Effects of priming on plug growth of Echinacea purpurea and Coreopsis lanceolata at day 28.
Leaf
length
(mm)

Root
length
(mm)

Shoot
area
(cm 2 )

Primed in 50 mM potassium salts
Primed in ddH 20
No priming

25 a/.
24 a
22 a

51 a
50 a
53 a

7.51 a
7.42 a
6.27 a

Primed in 50 mM potassium salts
Primed in ddH 20
No priming

49 a
47 a
43 a

77 a
75 a
78 a

Priming Treatment

Root
area
(cm 2 )

Shoot
weight
(mg)

Root
weight
(mg)

Survival

22.64 a
21.98 a
18.54 a

3.56 a
3.36 a
2.68 b

80 a
78 a
59 a

25.08 a
24.55 a
18.10 a

4.70 a
4.78 a
3.61 a

61 a
54 a
54 a

(0/0 )

Echinacea purpurea
.82 a
.78 a
.54 b

Coreopsis lanceolata
8.67 a
8.62 a
7.03 a

1.98 a
1.48 ab
1.07 b

/.Means within a column with the same letter are not statistically different (P = 0.05) according to Student-Newman-Keuls' (SNK) test.
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compared with plugs from nonprimed seeds. This increase
in root area was also reflected in root dry weight, with plugs
from primed seeds having significantly greater root dry weights
than plugs from nonprimed seeds. Trends were similar for
plugs of C. lanceolata, with an 85% increase in root area
due to priming in potassium salts compared with no priming.
The more rapid root development of plugs produced from
primed seed may be a significant response even if other
growth responses are not significantly different. In the initial
stages of development, perennials invest more energy and
resources in the development of root systems than that of
vegetative or reproductive parts (I, 3, 5). In plug systems,
more developed root systems should make transplanting
easier (2, 7), and may result in a more positive growth
response after transplanting (II).

Propagation: Principles and Practices. Simon and Schuster. Englewood
Cliffs. NJ. pp. 154-155.
7. Hartnett. G.P. 1985. New ideas in the use of plug systems. Proc.
Intern. Plant Prop. Soc. 35:263-268.
8. Heydecker. W .. and P. Coolbear. 1977. Seed treatments for im
proved performance: Survey and attempted prognosis. Seed Sci. and Tech
nol. 5:353-425.
9. Karlovich. P.T. 1989. Personal communication. Student. Depart
ment of Horticulture. Iowa State University. Ames. IA.
10. Koranski. D.S. 1988. Primed seed: A step beyond refined seed.
Grower Talks. 52:24-29.
II. Laffe. S.R. and D.S. Koranski. 1985. Plug essentials: Commercial
production of petunias. impatiens. and begonias begins with selection of
proper medium and tray. Florist Rev. 176(4546):24-29.
12. Phillips. H.R. 1985. Growing and Propagating Wildtlowers. Univ.
North Carolina Press. Chapel Hill. N.C.

Literature Cited

13. Pinnell. M.M .. A.M. Armitage. and D. Seaborn. 1985. Germi
nation needs of common perennial seed. Univ. of Georgia Expt. Sta. Res.
Bull. 331. Athens. GA.

I. Ares. J. 1976. Dynamics of the root system of blue grama. J. Range
Manage. 29:208-213.

14. Salac. S .. J.M. Traeger. and P.M. Jensen. 1982. Seeding dates and
field establishment of wildtlowers. HortScience. 17:805-806.

2. Ball. V. (Ed.). 1985. Ball Redbook: Greenhouse Growing. 14th Ed.
Reston Publishing Co. Reston. VA.

IS. Samfield. D.M .• J.M. Zajicek. and B.G. Cobb. 1991. Rate and
uniformity of herbaceous perennial seed germination and emergence as
affected by priming. J. Amer. Soc. Hort. Sci. 116:10-13.

3. Blake. A.K. 1935. Viability and germination of seeds of prairie
plants. Ecol. Monogr. 5:405-460.
4. Bradford. K.J. 1986. Manipulation of seed water relations via os
motic priming to improve germination under stress conditions. HortSci.
21: 1105-111 I.
5. Farrar. J. 1974. Prairie life/grasslands. Nebraskaland. 52:38-41.
6. Hartmann. H.T .. D.E. Kester. and FT. Davies. Jr. 1990. Plant

16. Samfield. D.M., J.M. Zajicek. and B.G. Cobb. 1990. Germination
of Coreopsis lanceolata and Echinacea pllrpllrea seeds following priming
and storage. HortScience. 25: 1605-1606.
17. Swift. S. and D.S. Koranski. 1987. A how to guide for producing
perennials. Greenhouse Grower. 5(5):98-104.
18. SAS Institute. 1985. SAS User's Guide: Statistics. 5th Ed. SAS
Institute. Cary. N.C.

(

132

J. Environ. Hort. 10(3):129-132. September 1992

