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PROM SI NG NATI VE FORBS FOR SEEDI NG ON M NE SPO LS

by
Ardel | J. Bjugstad? and Warren C. Wit man3
Abst ract . Twenty nine species of perennial forbs and 2 bien-
nial forbs were directly seeded into coal nmine spoil nmaterials

at  Dickinson,

most  successful  for direct

North Dakota to determnine which species would be
seedi ng

into coal mne spoil. Those

whi ch showed exceptionally good energence and vi gorous growh
of seedlings in a two year study were: white prairie clover

(Pet al ost emum candi durn),

wild

l'icorice
prairie coneflower (Ratibida columifera),

| epi dot a),
bl azing star

(dvevrrhiza

(Liatris punctata) and |ong-leaved m|kvetch (Astragal us

cerani cus).

only were:

Species with | esser but acceptable germination
white upland aster (Aster pternicoides),

purpl e

conefl ower (Echinacea angustifolia), early gol denrod (Solidago

nm ssouriensis),

green mlkvetch (Astragalus striatus),

purpl e

prairie-clover (Petalstemum purpureunm) and evening star

(Metzelia decapetala).

Ot her species tested showed little to

no germnation and hence difficult to establish by direct

seeding into coal

Addi ti onal

Key Words: forbs,

m ne spoil.

seedi ng,

recl amation, revegetation.

[ ntroduction

Forbs are herbaceous or sem-
woody plants such as fringed sage-
wort (Artemisia frinida) or winter
fat (Eurotia lanata) (Stevens 1963,
Thornburg 1982, \Wasser 1982).
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O her herbaceous plants include
grasses, sedges and rushes. Forbs
are the most nunerous group of

pl ants but are sel dom doni nant and
alnost always occur in  mxtures.
They may be perennials, biennials
(live tw years) or annuals which
may be fall or spring annuals i.e.,
seed germ nation occur in fall or
spring time of the year. Forbs, due
to persistant high level of nutri-
ents, are an inportant part of the
diet of wildlife, including big gane
animals and birds, and [ivestock.
However, they are usually of linted
abundance whereby animals need to
select for these forbs in order to
ingest sufficient amunts to supple-
ment nitrogen and phosphorous need
in the dets (Aexander et al. 1983
Peterson 1989).
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Grazing systens are generally
focused around the gramnoid com
ponent of the grassland ecosystem
and it is this conmponent that has
received the greatest attention by
managers and researchers. This has
been done with studies which dealt
with floristics (Peterson 1989),
comunity descriptions (Hanson and
Wiitman 1938, Hrsch 1985, Grard et
al . 1989), seasonal nutritional com
position of grasses and shrubs
(Witman et al. 1951, Jefferies and
Rice 1969, WIIlianson 1979), and
phenol ogy of selected range plants
(Peterson 1989). Results of these
studies show forbs as merely a mnor
component of the environnent and
added mainly structure, increased
diversity and enhanced aesthetic
qualities. Forbs were recognized as
indicators of range condition and
mesot rophi sm (Weaver and Al bertson
1943). They were also noted to be
the first to take great advantage of
reduced cover following the great
drought of the 1930's (Waver and
Al bertson 1944), in other words they
were the pioneers to rehabitate the
site during early successional
st ages.

The forb conponent and their
managenment renains to be understood
and described, even though its im
portance was recognized 15 years ago
(Ferguson and Monsen 1974). This
probl em continues because we do not
know which forbs are nost promsing
and the cultural practices required
or the site conditions nost condu-
cive to their establishment. Pre-
vious studies indicate severe prob-
lems with the germnation is a major
deterant to forb establishnent
(Blake 1935, Tolstead 1941,
MDonough 1969, Sorensen and Hol den
1974, Voigt 1977).

The objectives of the study were
to (1) determne optimm seed stor-
age and germination environments for
29 species of perennial forbs common
in western North Dakota (Hanson and

Wi t man 1938), (2) determne the
germnation of these forbs seeded
in mne spoil material under actual
field conditions, and (3) conpare
the height growth of plants seeded
with those propagated by the use of
containerized seedlings.

Pr ocedur es

Seed collection on native ranges
in western North Dakota began as
soon as seed appeared in seed dis-
persal stage, usually late June for
cool season forbs and as late as
Cctober for warm season forbs (Table
1). The recognition of forbs as
wth grasses according to season of
growth, ie. cool or warm season,
provides extended periods of growh
when appropriately mxed to provide
bal anci ng of these species (Thorn-
burg 1982, Wasser 1982). This was
recognized in the selection of spe-
cies used in this study (Table 1).

The forb seeds were stored in
glass bottles at room tenperature
during the summer, threshed-out by
hand rubbi ng and hand- screeni ng and
returned to the glass bottles. Most
seeds threshed relatively clean but
sone appendages or portions of ap-
pendages remained attached. This
occurred with yarrow (Achillea |anu-
| osa),sagewort wormwod (Atemsia
caudata), white upland aster (Aster

piarm coi des) wi | d buckwheat (Erio-
gonum pgulticeps), butterfly weed
(Gaura coccinea) skeleton weed (Lyg-
odesm a juncea) golden aster (Chrys-
opsis Vvillosa), the goldenrods (Sol-
Ldago spp.) and goatsbeard (Tragopo-
gon _dubi us).

Three storage treatnments were
applied to separate lots of the forb
seed. These treatments were (1) dry
storage at roomtenperature, (2)
dry-cold storage with seed subjected
to normal outdoor winter tenperature
fluctuations, and (3) wet-cold stor-
age wth noisture weekly nonitored
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Table 1. --List of species collected
near Di ckinson, North Dakota
used in experiment on forb es-
tabl i shment and season of

growt h.

Scientific name Season of grow h*

Achill ea | anul osa
Artem sia caudata
Aster ptarm coi des
Astragal us cerani cus
Ast ranal us fl exuosus
Astragal us striatus
Canmpanul a rotundifolia
Chrysopsis villosa

Echi nacea annustifolia
Eriogonum nul ticeps
Gillardia aristata
Gaura coccinea

A ycyrrhiza | epidota
Hel i ant hus rigidus
Liatris punctata

Linum |l esisii

Lygodesma juncea

Ment zel i a decapetal a
Penst enbn_annusti folius
Pet al ost emum candi dum
Pet al ost enum pur pur eum
Psoral ea escul enta

Rati bi da columifera
Solidago  missouriensis
Solidago  mollis

Solidago  rinida
Sphaer al cea cocci nea
Suaeda fruticosa
Tragopogon dubi us
Vicia anericana
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* C=Cool Season, WWArm Season

and added to keep seed maintained in
moi st conditions at approximtely 4
C in a refrigerator. The seed sto-

rage period began on Decenber 1.

Al germnation trials were con-
ducted using a Seedburo Mdel 3516
germnator nmaintained at a tenpera-
ture of 21 0C  Triplicate lots of
25 seeds each, tested for viability

using the tetrazoliumtest (Ferguson
and Monsen 1974) were germ nated on
noi st chronat ography paper in square
petri dishes. Germination trials of
roomtenperature and cold-dry stored
seed were begun on the 9th of Janu-
ary and subsequent trials of each
species thus treated were begun on
the approximate same day of the
month each month thereafter through
My, Germination trials of the wet-
cold treated seed were begun on Jan-
uary 16 and were continued for the
rest of the 5-nonth period beginning

on the approximate same day of each
month.  The gernination period al-
lowed for each trial was 60 days,

after which the ungerm nated seed of
each trial lot remaining in the pet-
ri  dishes was discarded. Germ na-
tion was considered to have taken

pl ace when the radicle appeared, and
the germ nated seeds were renpved
from the petri dishes at that tine.

Germ nation of pretreated forb

seeds was also tested on spoil
piles, constructed from raw coal
spoil material hauled to the Dickin-
son Experiment Station from North
Anerican Coal Corporation's Indian-
head Mne near Zap, MNorth Dakota.

The sandy clay |oamtexture and void
of organic matter material was from
a depth of 9-12 neters (30-40 feet).
The spoil material was spread to a
depth of 30 cm (14 inches). The sur-
face was rototilled before seeding.
Each spoil pile was divided into
plots 1.2 x 1.2 m(4 x 4 feet) in
size. The seedings were nmade in two
replications per treatnent from each

species. Seed was broadcast by hand
and raked. Application rate was con-
Sidered to be heavy when conpared to

seeds of sinilar size of tested see-
ding rates (Thornburg 1982). Plots
were seeded the first week of June.

Cont ai ner-grown seedlings used
for height growth rate conparison
were germnated starting the previ-
ous Decenber and transplanted into
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the spoil the first week of June. A few species had less germina-
After the completion of the trans- tion under the dry cold treatment
planting and seeding of the plots, than under room temperature storage.
all plots were watered with a fine- Included in this group were Echina-
spray as needed to keep the surface cea angustifolia, Gaillardia aris-
damp . tata, Glycyrrhiza lepidota, Linum
lewisii, and Suaeda fruticosa.
Results and Discussion The wet-cold storage treatment
was especially beneficial to Mentze-
While the results of this trial lia decapetala and Penstemon angus-
show some inconsistencies, all spe- tifolus. Mentzelia continued to
cies showed some germination under increase in percent germination
all treatments. Cluster analyses throughout the period of wet-cold
using ISODATA showed some species storage with May trial showing 92
benefited by cold treatment and percent germination, the highest
showed increased germination under germination shown by any perennial
this treatment than when stored at species in the trial. Penstemon
room temperature. Included in this showed satisfactory germination only
group were Chrysopsis villosa, Rati- under the wet-cold treatment, reach-
bida colummnifera, Solidago mis- ing 76 percent in the February test,
souriensis, S. mollis, S. rigida, but declining thereafter.

Aster ptarmicoides and Mentzelia

decapetala (Table 2).

Table 2.--Percent germinati.
caneag oo apl.s'lng.:“ on of forb seeds collected in the sumper, stored under three different conditions and tested in the

-——&m_m._mnn__
Species Jan. Feb, Mar. Apr. May Jan. Feb. HMar. Apr. May Jan. Feb. Mar. Apr. May
Glycyrrhiza lepidots 65 80 75 77 79 57 71 61 56 60 77 6
Iragovogon dubius 56 87 72 80 93 51 83 87 89 3 28 SZ :; ;; Z;
Liactrls punctats 1 63 16 71 67 68 35 57 6 72 36 65 4l 73 64
Solidago xigida 4 21 24 15 32 41 31 44 48 21 41 51 35 25 17
Solidago mollis 17 52 60 16 32 33 55 44 36 29 9 31 23 3 12
%;;gg ptarmicoides $ 20 15 36 35 11 31 28 39 29 5 65 29 45 32
Chrysopsis villoss 20 25 32 17 16 17 37 24 22 29 32 36 12 33 40
Solidago migsouriensis 23 13 47 24 15 40 45 32 29 23 6 25 s 20 7
Linun lesisif 16 23 3 33 39 4 25 16 13 43 1% 25 1 4 20
Mentzelia decapotala 0 1 12 4 1 7 1 1 & 17 29 81 53 83 g2
Petalostemum candidum 13 33 23 12 11 36 23 21 23 8 36 23 16 19 25
Artemisia caydata 16 40 16 15 8 25 15 19 20 12 15 16 36 1 24
Ratibids columnifera 11 20 20 (] 16 29 25 13 17 17 1 17 16 5 9
Gaillardia aristaca 23 19 24 11 15 7 12 S 7 8 5 16 16 13 23
Astragalus striatus 16 21 7 21 1 8 7012 13 12 11 16 35 12 13
Petalostemum purpureum 12 21 29 1 5 12 3 13 11 & 11 11 4 8 8
vﬂghmm angustifolia 11 15 13 27 12 9 5 12 7 1 5 9 13 0 7
Vicia apericana : 20 16 7 3 3 n s 1 4 9 22 15 1 4
angustifolius

o ; 0 3 1 [+] 3 ] 5 19 76 8 12 /]

Suseda ]m;thjgg].l_ 9 ” 1; 23 : ; g 1 8 4 0 20 2 12 8
3 5

o A A A
Aztragalus ceramicus S 3 7 5 0 7 1] (1] 11 3 5 9 9 3 [}
Achillea lenulosa s 0 3 0 1] 3 [ 3 4 0 24 [} 13 3 1]
Cappanula xotundifo 4 0 ] 28 1 ] (] 9 8 [} 4 5 =g H 1
Exiogonum multiceps L] 13 3 27 12 3 1 0 1 1 1 2 1 o 3
Lygodesmia juncea 1 4 [] ] 0 4 0 0 (] 1 s 13 3 [ 1
Caura coccinea 7 1 4 3 0 3 3 5 1] 1 4 0 [} [} ]
Helfianthus rigidus : : : ? ; 1 1 [ 0 3 o 12 7 ] &4
Paoralea esculents 9 - . - - ; } } ? ? g ; 3 ? f

1
Storage period for all treatments vas considered to have He
gun on Dec. 1. Cermination test
month {nd{cated and each lot of seeds vas observed for 60 days thereafter except for the !l:; :r’h'll'fes.n on the 10th of the
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O her speci es which showed Table 3. --Estimated number of seed
smal | to noderate benefit fromthe lings per square neter produced
wet -col d storage treatment included in one growng season on nine
Aster ptarm coides, Astragalus cer- spoil plots seeded June 9 and
am cus, Chrysopsis villosa, Helian- esti mates made in August and
thus rigidus, Lygodesmi a juncea, listed according to highest
Pet al ost emum candi dum Suoeda fruti- nunber per square neter.

cosa, Thermopsis rhonmbifolia, and
Vicia Anmericana. Achilles |anulosa
apparently benefitted froma short
period of cold-wet storage, but pro- Speci es No. seed-
| onged storage under these condi- i ngs/ n?
tions appeared to be detrinental.

From the results of this germ-

nation trial the requirement for a Astranalus  striatus 356
cold treatnent before nost of the Pet al ost emum candi dum 335
forbs wll show satisfactory gernmi- Ment zel i a decapetal a 302
nation rates seens to be sonewhat in Tragopogon dubi us 280
doubt. This requirenent may be re- G vcevrrhiza | epidota 248
|ated to previous seasonal grow ng Liatris punctata 204
conditions and the conditions under Astragal us cerani cus 140
which the seed natured. In a nornal Pet al ost emum pur pur eum 140
field situation, nost forb seed will Chrysopsis villosa 97
receive either a dry-cold or a wet- Linum |ewisii 43
cold treatment during the winter Echi nacea annustifolia 32
after the seed is produced. \hether Astragal us fl exuosus 21
this treatment is essential during Solidago  nollis 21
storage before direct seeding into Sphaer al cea cocci nea 21
mne spoil for satisfactory germna- Thernopsis rhonbifolia 11
tion now seems somewhat doubtful. Rati bi da columifera 11
Aster ptarm coides 11

Germnation of the 29 forb spe- Eri ogonum mul ticeps 11
cies direct seeded on the mne spoil Achillea |anul osa T*
t ook place over a relatively |ong Artem sia caudata T
period of tine. Twenty-three spe- Solidago  missouriensis T
ci es showi ng some germination and Gaillardia aristata T
seedling emergence within 120 days, Gaura cocci nea T
by the end of August (Table 3). Six Penst emon anqgustifol i us 0
species that did not gerninate under Solidago rigida 0
natural nine spoil conditions were:; Hel i ant hus ri ni dus 0
Penst enbn angustifolius, Solidago Campanul a rotundifolia 0
rigida, Helianthus rinidus, Cam Suaeda fruticosa 0
panula rotundifolia, Suaeda frutico- Lvgodesmi a juncea 0

sa and _ Lygodesmia _juncea, The spe-
cies that showed exceptionally good
energence of seedlings and subse- *T = Seedlings present but
quent vigorous growth included: Pet- averagi ng |l ess than

al ostemum candi dum G ycyrrhiza lep-

idota, Ratibida columifera, Liatris

punctata, and _Astragalus cerami cus. cessfully transplanted and hei ght
growth nmeasurenents on the unheaded
Fourteen species of the con- stalks were taken (Table 4). These

t ai ner-grown seedlings were suc- transplants were started from seed



in Decenber and transplanted into
the spoil in June. Al container
grown seedlings survived transplant-
ing and grew successfully on the
spoil material until heights were
measured on August 30 (Table 4).
Solidago ridida, Mentzelia, Canpanu-

la, Liatris, and Penstenon remained
in the rosette growh form through-
out the season. In this form they
appeared vi gorous and devel oped wel |
but did not make height growth.
Those speci es which grew the nost

i ncluded the two Pet al ost emum
species, Ratibida, G veyrrhi za.

Some seedlings and transplants
grew nore vigorously than others
(Table 4). In general the trans-
plants of the species reached
greater heights by the end of first
growi ng season than did the plants

Tabl e
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of the sanme species grown directly
from seed. However, the plants
grown directly from seed did renark-
ably well with four producing flower
stal ks by August 30 of the first
groning season (Table 5). Con-
tainer-grown seedlings of the sane
speci es produced flower stal ks of

simlar heights the first grow ng
season.

Numerous newy energed seed-
lings from the previously direct
seeded forbs were observed the fol-
lowing June. Seedlings from pre-
vious year planted seeds were
especi al Iy abundant on plots of Sol-

idago mollis, Mentzelia decapetal a,
Thermopsis  rhombifolia, Hel i ant hus
rigi dus, Penst enbn angusti f ol us,

Aster ptarm coi des, and Echinacea
angustifolia. The inference is that

4. --Average heights of plants, seeded and container-grown transplants in
mne spoil mterial at Dickinson, North Dakota at end of first grow ng
season.
Average Plant Height (cm

Speci es Seeded Cont ai ner
Suaeda  fruticosa 19 + 1.31 S8
A vcevrrhiza | epidota 17 £ 0.4 15 + 2. 4
Astragal us ceram cus 16 £ 3.8 - -
Pet al ost enum candi dum 10 =+ 2.6 34 + 1.2
Artem sia caudata 62 --
Ment zel i a decapetal a 62 9+ 1.7
Liatris punctata 5 +1.9 3+0.8
Echi nacea annustifolia 5 +0.0 3+0.8
Thernopsi s rhonbifolia 5+ 0.0 10 + 1.7
Astranal us striatus 52 2+0.0
Rati bi da columifera 4 + 0.6 25+ 3.9
Ast er ptarm coi des 4 + 0.0 11 £ 0.6
Eriogonum multiceps 2 + 0.0 --
Solidago rigida 2 £+ 0.0 11+1.0
Hel i ant hus rigidus _ 1 12+4.0
Solidago missouriensis 1 --
Canpanul a rotundifolia -- 4+ 1.6
Penst enon _anqustifolia -- 5+ 0.9

1+ standard error.
2+ nean per plot, no replication.
3 Not included.



Table 5. End of growing season average heights of flower stalks
developed on container transplants and on plants seeded on
mine spoil material at the Dickinson Station.

Average flower stalk height (cm)

Spec ies Container Seeded

Petalostemum purpureum 20 25
Petalostemum candidum 24 31
Helianthusrigidus - 50
Ratibida Columnifera 17 29
Thermopsis rhombifolia 25 -
seed will lie dormant for several

years and overw ntering under natur-
al conditions wll pronote germna-
tion and emergence of seedlings from
previously dormant seed. The fall
rains and wi nter conditions on the
northern Great Plains would provide
a wet-cold treatnent.

Summary and  Concl usi ons

Thirty one species of highly
val ued forbs on the northern G eat
Pl ains were sel ected for evaluations
as to their suitability for seeding
on coal mne spoils in North Dakota.
Two biennials, Artem sia caudata and
Tragopogon dubi us, were included due

to their high wvisibility and avail-
ability of seed to reclamation spe-
cialists. All thirty one species

showed some germination under all
treatnents. However, germination
Chrysopsis villosa, Ratibida colum
nifera, Solidago missouriensis, S
rigida, Aster ptarmcoides, and
Ment zel i a decapetala was increased
when receiving the dry-cold treat-
ment conpared to storage at room
t enper at ur e. The wet-cold storage
treatment was beneficial to Mntzel-
ia decapetal a and Penstenpbn angus-

of

tifolius. Therefore, these species
shoul d be fall seeded, or if placed
in dry wnter storage the proper

treatment should be applied for

mexi m zing germnation prior to
spring seeding. Species tested

whi ch had special germ nation prob-
lens requiring further investigation
i nclude Achillea lanul osa, Astragal-
us ceramcus, Astragalus fl exuosus,
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Canpanul a rotundifolia,
nul ticeps,
m a iuncea

Eri ogonum
Gaura coccinea, Lygodes-
Psoralea esculenta, and
Sphaeralcea coccinea. Those peren-
nial forbs which denonstrated excep-
tional promse for direct seeding in
seed nixtures on mne spoils were:
Pet al ost enum candi dum Rati bi da col-

umifera, Gvcyrrhiza |l epidota, Lia-

tris punctata and Astragalus  cera-

m cus.
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