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Status
Please consult the PLANTS Web site and your State Department of Natural Resources for this plant’s current status (e.g. threatened or endangered species, state noxious status, and wetland indicator values).

The following topics are addressed in the publication, Cultivating the increasingly popular medicinal plant, goldenseal: Review and update by Adrianne Sinclair and Paul M. Catling, which is reproduced below.  
This publication was reproduced from the American Journal of Alternative Agriculture, volume 16 (3), with permission from the authors and the American Journal of Alternative Agriculture. 

[bookmark: OP1_oYtFgJbo][bookmark: S1_a][bookmark: OP1_FIXj0O7t][bookmark: S2]Cultivating the increasingly popular medicinal plant, goldenseal: Review and update
[bookmark: OP1_CiXh0VXy][bookmark: S3_41drienne][bookmark: OP1_KaekcU9y][bookmark: S4_43alling_calling_43ollins_41nnealing]Adrianne Sinclair and Paul M. Catling

[bookmark: OP1_gzZvbX8A][bookmark: S5][bookmark: OP1_Dtxp0YXB][bookmark: S6][bookmark: OP1_I2s03Z0D][bookmark: S7][bookmark: OP1_C9l5f2cG][bookmark: S8][bookmark: OP1_BIkEl4iI][bookmark: S9][bookmark: OP1_pCNqa55I][bookmark: S10][bookmark: S11][bookmark: S12][bookmark: OP1_76pU07WL][bookmark: S13][bookmark: OP1_HOsM986M][bookmark: S14][bookmark: OP1_Gire0bXO][bookmark: S15][bookmark: OP1_ycM8dbbO][bookmark: S16][bookmark: OP1_b8l3haiO][bookmark: S17][bookmark: OP1_r5b21bYP][bookmark: S18][bookmark: OP1_Ecy9dfaS][bookmark: S19]Abstract. Interest in the cultivation of goldenseal is increasing and this may have benefits for agriculture, human health, and conservation. To enable a better understanding of growing conditions, cultivation methods reported in the literature were reviewed, 21 natural goldenseal populations in the northern portion of its natural range in North America were described and analyzed in terms of population size and health, and 15 successful growers were interviewed on requirements for optimal cultivation. Growing conditions in the wild were compared to those reported in the cultivation literature. Summary of data from natural populations suggests goldenseal grows best in mixed hardwood forests, under 60‑65% shade, in moist sandy loam soils high in organic matter, with pH 5.7 to 6.3. Similarly, review of the literature suggests that goldenseal grows best in moist, well‑drained loams high in organic matter, with pH 5.5 to 6.5. Reported shade requirements vary but 47‑80% shade is considered optimal. Growing conditions reported by growers were also consistent with the cultivation literature and similar to conditions of wild populations. Although optimal growing conditions are similar to those for many crops, goldenseal is relatively robust and can grow well in a variety of conditions including wet, predominantly sandy or clay soils with pH as low as 4.8 and as high as 7.8. Cultivation can utilize a ginseng crop infrastructure and goldenseal has been recommended as a rotation crop for ginseng. Commercial production of goldenseal is potentially advantageous because (1) it is an environmentally friendly crop; (2) it has been grown successfully far outside its natural range, is easy to grow, and is considered potentially profitable; and (3) it is relatively inexpensive, having low energy, land area, and fertilization requirements. Development of a sustainable crop may contribute to the protection of native wild gennplasm, which can provide valuable material for crop improvement.

[bookmark: OP1_WqInci9V][bookmark: S20]Key words: ginseng, natural resource conservation, plant ecology, propagation, soil characteristics, sustainable agriculture, wild germplasm
Introduction
[bookmark: OP1_x9mY1lYZ][bookmark: OP1_T8v44l1Z][bookmark: S22][bookmark: OP1_26OU7l4Z][bookmark: S23][bookmark: S21]Goldenseal (Hydrastis canadensis L.) is a North American woodland herb with a yellow perennial rhizome. A new stem grows each year about 30 cm high. The leaves are large (up to 30 cm wide), usually with five lobes. A single white flower, a mass of stamens with no petals, is produced from late April to May, depending on latitude and altitude, followed in July by a bright red berry with 10 to 30 black seeds. The natural range of the plant extends from southern New England west through the extreme southwestern portion of southern Ontario, to southern Wisconsin, and south to Arkansas and northern Georgia.
[bookmark: OP1_7qVgdqa3][bookmark: S24][bookmark: OP1_0ZWWire5][bookmark: S25_43atlin_43alling2C_calling2C]Goldenseal is highly valued for its rhizome and roots that contain medicinal alkaloids (Small and Catling, 1999). The roots have antibiotic properties, suppressing certain bacteria, protozoans, and fungi, and are used to treat AIDS and other severe chronic diseases, and digestive disorders, and to enhance the immune system (Davis and Bit, 1998). Commercial formulations prepared from the plant are widely used to treat colds and nasal congestion, as well as certain infections and parasites (Small and Calling, 1999).

Increasing popularity
[bookmark: OP1_c1SZx6uK][bookmark: S26][bookmark: OP1_nCRrz8uL][bookmark: S27][bookmark: OP1_yTdQqbnP][bookmark: S28][bookmark: OP1_mu1sqdnQ][bookmark: S29][bookmark: OP1_430ZwesS][bookmark: S30_43alling2C_calling2C_43ollins2C][bookmark: OP1_NjChpimV][bookmark: S31][bookmark: OP1_j5I0tiqW][bookmark: S32][bookmark: OP1_pGlCvkrY][bookmark: S33_43alling2C_calling2C_43ollins2C][bookmark: OP1_3rVgyluY][bookmark: S34][bookmark: OP1_Ok88pmlZ][bookmark: S35][bookmark: OP1_74VZ5l1Z][bookmark: S1][bookmark: OP1_Iuor4o11][bookmark: OP1_hhM67p32][bookmark: S3][bookmark: OP1_b5Q21pY3][bookmark: S4][bookmark: OP1_qgY4dl8Y][bookmark: OP1_u390dlaZ][bookmark: OP1_WtBphoe1][bookmark: S25]Previously available only in specialty health and natural foods stores, goldenseal and other medicinal herbs became part of the general marketplace during the 1990s, and since then the demand has been increasing dramatically (Foster, 2000). Between 1991 and 1996, the wholesale value of goldenseal in the U.S. increased by as much as 600% (Robbins, 1996). Since 1994 goldenseal has been one of the top six best‑selling medicinal herbs in the U.S. (Robbins, 1996; Small and Catling, 1999), and remains so today (Foster, 2000). Between 1995 and 1997, the medicinal plant market as a whole, as well as demand for goldenseal, experienced in excess of a 30% growth rate (USFWS, 1997). Goldenseal is also available in numerous drug products (Small and Catling, 1999) and in a wide array of herbal products on international markets, e.g., in France, Australia, Germany, United Kingdom, Italy, and other European countries (IUCN, 1997; Robbins, 1996). Since demand has increased greatly, and supplies have declined, the price of goldenseal has increased dramatically. In the early 1990s, the price of goldenseal ranged from $18 to $24 per kg (Foster, 2000). In 1999, the price ranged from $66 to $110 per kg (Davis, 1999c; Foster, 2000). In 2000, the price of goldenseal was over $110 per kg, with some companies charging over $220 per kg (Foster, 2000; Price lists on World Wide Web). The current goldenseal shortage and the large increase in its demand appear to highlight the need for cultivated supplies to satisfy a growing domestic and international market (Foster, 2000).

Cultivation and conservation
[bookmark: OP1_DUsJoJln][bookmark: OP1_a7NUwMrq][bookmark: S6_N4243_N46L_NS41_N45T_N45W][bookmark: OP1_6URKrNmr][bookmark: S7_GNP2C_GOP2C_GT452C_GeV2C_G41P2C][bookmark: OP1_OxtunPks][bookmark: OP1_tVSQqRmv][bookmark: OP1_OKuHnSkw][bookmark: OP1_N9J6nUjy][bookmark: S11_43atlin_43alling2C_calling2C][bookmark: OP1_h8SXpUly][bookmark: S12_MOW_WOW][bookmark: OP1_OXtUnVkz][bookmark: OP1_IlniuYrB]Goldenseal is perceived to be at high risk of extinction due to excessive harvesting of wild populations to supply the market. The Nature Conservancy (U.S.) has assigned the plant a national rank of N4 and a global rank of G4, indicating that it is not susceptible to immediate threat; however, goldenseal is considered endangered, critically imperiled, imperiled, rare, or uncommon in all 27 U.S. states having native populations (USFWS, 1997). In Canada, goldenseal is considered threatened due to increasing potential for unrestrained wild harvest, as well as habitat loss (Sinclair and Catling, 2000a; White, 1991). Globally, goldenseal was added to Appendix 11 of CITES (Convention on International Trade in Endangered Species) in 1997 (CITES, 2000), which requires that goldenseal be artificially propagated for export (Environment Canada, 1999) and that national and international trade in roots, rhizomes, rootstocks, and bulk powdered herb will become more tightly regulated.
[bookmark: OP1_vmbju6rJ][bookmark: OP1_rLfIv8sM][bookmark: OP1_2mThvasN][bookmark: S17_2843onclusion2C_28Inclusion2C][bookmark: OP1_KZqWoblP][bookmark: OP1_eaU9vesS][bookmark: OP1_HnTduiqV][bookmark: OP1_mOiLpkmY][bookmark: S21_43atlin_43alling2C_calling2C][bookmark: OP1_KNzDskoY][bookmark: S22_MOM]The actual risk of over‑harvest eliminating wild populations is dependent on market conditions, as well as ecological characteristics. Increased cultivation may soon reduce the price of goldenseal to the point where collection of wild plants is not a threat to survival; however, this point is best reached before wild germplasm is lost. Results from a 1999 American Herbal Products Association survey (McGuffin, 1999) are encouraging in suggesting that the goldenseal market is in transition from wild to cultivated sources. Projections suggest that 37 Mg will come from cultivated sources in 2000 and reach 90 Mg or more after 2003. In terms of goldenseal ecology, the long‑term effects of digging wild roots are unknown. Although there are abundant anecdotal references to a decline after digging (e.g., USFWS, 1997), there is also evidence for a beneficial effect of some level of soil disturbance (Sinclair and Catling, 2000b). While removal of large plants may reduce seed production, soil disturbance may allow increases in patch size in the long run, since goldenseal can produce new plants from root pieces and tips.

Objectives
[bookmark: OP1_ODjssro4][bookmark: OP1_h16Z5J2n][bookmark: S0][bookmark: OP1_0VSQZKVo][bookmark: OP1_ECay9L5p][bookmark: S2_Haase_Hedge_Hasse_Hodge_Madge][bookmark: OP1_msEg4M1p][bookmark: S3_Heritage_Marriage][bookmark: OP1_5dba8N5q][bookmark: OP1_k8gW0NXr][bookmark: OP1_fF7z5P1t][bookmark: OP1_4lJiZRWu][bookmark: OP1_7WXUZWWA][bookmark: OP1_8shbZZVC]Until the late 1990s, there was very little detailed information available on cultivation methods of goldenseal. Davis (1996a) summarized information from available literature (Foster, 1991; Haage and Ballard, 1989; Hardacre et al., 1962; Lloyd, 1912; Van Fleet, 1914; Veninga and Zaricor, 1976), and from farm and research station demonstrations, growers, and collectors. Davis (1999a) noted that many of the current recommendations for goldenseal cultivation are surprisingly consistent with those found in a 1914 USDA Farmers' Bulletin (Van Fleet, 1914), which was updated and released again in 1949 (Sievers, 1949). Over the past few years there has been a surge in research and interest in the cultivation of goldenseal, which has resulted in numerous publications from a wide range of sources, including universities, government agencies, commercial growers, public conferences, associations, and private researchers.
[bookmark: OP1_ox4u32ZF][bookmark: OP1_Ciie835G]Our objectives are to (1) review information on goldenseal growth, from the literature and from a survey of goldenseal growers, and (2) present new information on natural populations. We hope this will increase interest in cultivation of goldenseal, and thus reduce the actual and perceived threat of over‑harvest.
Methods
[bookmark: OP1_gmWj2bZO][bookmark: OP1_fZwYZcXQ][bookmark: OP1_GLuz5h1V][bookmark: OP1_qmkb5j1W][bookmark: OP1_n9q29n51]To gather information on optimal conditions for goldenseal growth, a literature search was conducted, using the keyword "goldenseal" alone and in combination with "cultivation," "farming," "propagation," and others, in five major sources: (1) AGRICOLA (bibliographic database for the National Agricultural Library and other institutions in agricultural and related sciences); (2) AGRIS (International System for the Agricultural Sciences and Technology); (3) BIOSIS (International Bibliographic Database for the Life Sciences); (4) CUBE (Carleton University and University of Ottawa collections, databases of the Center for Research Libraries in Chicago, Canada Institute for Scientific and Technical Information [CISTI], Norman Paterson School of International Affairs/The Institute of European and Russian Studies Resource Centre); and (5) the World Wide Web.
[bookmark: OP1_X9sY9r55][bookmark: OP1_ybOZcJ7m][bookmark: OP1_MUrSgJdn][bookmark: OP1_kwLllXhA]To further characterize growing conditions, data were collected in May 1998 from 21 natural goldenseal populations occurring in the northern portion of the range in Ontario, i.e., the northern part of the plant's range in North America. At each of the sites, population size (determined by number of stems) was estimated by direct count; plant species within goldenseal patches and tree species within a 10 m radius around a patch were recorded; and the amount of shade, soil type, and topography were noted. A "patch" constitutes a cluster of plants spaced within approximately 0.3 m from other plants and "sites" are at least 0.5 km apart. Patches give a very rough idea of genetic diversity because different patches are likely to be genetically different whereas plants within a patch could be identical due to clonal reproduction.
[bookmark: OP1_CPqMd4aI][bookmark: OP1_rygoj5gI][bookmark: OP1_JfKad7aK][bookmark: OP1_iMtzl8gM][bookmark: OP1_7Awul9gM][bookmark: OP1_Luvica7N][bookmark: S26_No2C][bookmark: OP1_ghZ4db8O][bookmark: OP1_T4rSdb8P][bookmark: S28_Zen_41nn_44an_44un_Pon][bookmark: OP1_Y0GOibeP][bookmark: OP1_3YRVkbhP][bookmark: S30][bookmark: OP1_MQPNccbQ]Shade was estimated based on a percentage scale indicating amount of canopy through which direct light was penetrating. A soil sample, one per site, was collected from 14 of the 21 sites, by pushing a metal cylinder [10 cm (3.9 inches) in diameter] to 9.5 cm (3.7 inches) depth into the soil within a patch of goldenseal. Soil samples were transported in plastic bags to ACUTEST laboratories in Ottawa for standard soil analysis (OMAFRA, 1988). Each sample was analyzed for pH, organic matter (percentage dry weight lost on ignition), P (extracted with sodium bicarbonate), K, Mg, Na, Ca (extracted with ammonium acetate), Mn (extracted with phosphoric acid), and Zn (extracted with DTPA, diethylenetriaminepentaacetic acid). For the 21 populations, soil texture (percentage sand, silt, and clay) was based on estimates from the soil sample or on local soil survey data. Data on natural conditions are valuable because in nature many stresses operate and the plant habitat may be restricted to optimal conditions.
[bookmark: OP1_6dMbhjeW][bookmark: OP1_SwIlcq83][bookmark: S33]Fifteen major goldenseal producers throughout North America were interviewed by telephone to help to further establish the requirements for optimal cultivation. Well known, reliable growers with established businesses and 5 to 18 years of first‑hand experience were selected based on their identification in horticultural publications (Adam, 2000; Davis, 2000b), recognition by researchers and other growers, and their records of producing successful crops. Information obtained from the interviews included farm location, cultivation method, and soil moisture, texture, pH, and organic matter. Some growers did not want to be identified, and therefore, contributors to Table 3 are not named.
[bookmark: OP1_HL5BwNsr][bookmark: OP1_2DQyqOms][bookmark: OP1_rC4rtOor][bookmark: S36][bookmark: OP1_AqTmsPps][bookmark: S37][bookmark: OP1_9fYdoQlt][bookmark: OP1_4AgpxSuv][bookmark: S39_brocades2C][bookmark: OP1_1AipxWuz][bookmark: S40][bookmark: OP1_cvXsoXjA][bookmark: OP1_CSsPr3oH][bookmark: S42]A method developed by Montford and Small (1999a, 1999b) was employed to estimate the "biodiversity friendliness" of goldenseal, compared to other crops, based on 26 criteria related to the predominant manner of cultivation (e.g., forest conservation; use of irrigation, biocides, and fertilizers; energy consumption; proportion of plant utilized; and others). The 26 criteria are assigned values of ‑1, 0, or 1, where ‑1 indicates the crop is relatively undesirable with respect to the biodiversity criterion, 0 indicates the crop has an average or undetermined impact, and 1 indicates the crop is relatively desirable with respect to the criterion. Simple averaging was used to calculate mean score (the more positive the score, the more "ecologically friendly" the crop). Information was obtained on other benefits of growing goldenseal, but no particular procedures were necessary to summarize these data.
Results and Discussion
Selection of forest site or artificial shade structure
[bookmark: OP1_5kT9pamN][bookmark: S43][bookmark: OP1_SrpgyduQ][bookmark: S44][bookmark: OP1_mlVaoekR][bookmark: S45][bookmark: OP1_pkZ8remR][bookmark: S46][bookmark: OP1_pjv7tepR][bookmark: S47][bookmark: OP1_zkmarinV][bookmark: S48]Goldenseal can be grown successfully under an artificial shade structure consisting of steel or wood posts covered with polypropylene shade cloth or wood planks (wood lath structure) (Davis, 1996a, 1996b, 1999b; Konsler, 1987). The structure should be at least 2 to 3 m (6.6 to 9.8 ft) high and open on the sides, or with a maximum of two side curtains, to allow for adequate air circulation and to prevent overheating (Davis, 1999b).

[bookmark: OP1_P7v4sipW][bookmark: S49][bookmark: OP1_OI8FtkqY][bookmark: S50][bookmark: OP1_pz2oplkY][bookmark: S51]Although goldenseal can be grown successfully under an artificial structure, some authors (Beyfuss, 1999; Davis, 1999b) and growers have suggested that a forest site is better than an artificial shade structure 


[bookmark: OP1_onRdpqk3][bookmark: S52][bookmark: OP1_pcH7prl4][bookmark: S53_28onerous][bookmark: OP1_9ap7rqn4][bookmark: S54][bookmark: OP1_Y8i2vqr4][bookmark: S55][bookmark: OP1_H6X3xqs4][bookmark: S56][bookmark: OP1_lY9Tqro5][bookmark: S57][bookmark: OP1_CWSTurp5][bookmark: S58][bookmark: OP1_qTxPyru5][bookmark: S59][bookmark: OP1_WYbTYeUS][bookmark: OP1_TUzQ4e0S][bookmark: S90_2843arve_2843arus_28carve_28Garcia][bookmark: OP1_8ToQ6e2S][bookmark: S91][bookmark: OP1_1JQF0fWT][bookmark: S92_41ustria][bookmark: OP1_BJbE3f0T][bookmark: S93_Virginians][bookmark: OP1_cvuq3gZT][bookmark: S94_28miles_28Tells_28This_28Title][bookmark: OP1_3vJj5g2T][bookmark: S95_americans][bookmark: OP1_5kxg0hXU][bookmark: S96][bookmark: OP1_TkZh3hYU][bookmark: S97][bookmark: OP1_YybvYkVX][bookmark: S98][bookmark: OP1_Qy6u1kWX][bookmark: S99][bookmark: OP1_YmviYlUY][bookmark: S100_2843ache_28each2C_28cache]because the natural diversity and air circulation in the forest system help prevent major problems with disease and insects. Large populations of natural goldenseal thrive in mixed woods with oaks (Quercus spp.), maples (Acer spp.), hawthorns (Crataegus spp.), walnut (Juglans nigra L.), hickories (Carya spp.), ironwood [Ostrya virginiana (Miller) K. Koch], basswood (Tilia americana L.), and ash (Fraxinus spp.) (Tables 1, 2). Similarly, optimal sites for cultivating goldenseal are within stands of mixed, deeply rooted hardwood trees such as oak, poplar (Populus spp.), walnut, and basswood (Cech, 1995, 

[bookmark: OP1_tj286l1Y][bookmark: S101][bookmark: OP1_xh478l3Y][bookmark: S102][bookmark: OP1_19AZYlUZ][bookmark: S103][bookmark: OP1_69EY0lWZ][bookmark: S104][bookmark: OP1_78bX2lZZ][bookmark: S105]2000; Davis, 1996b, 1999a, 1999b, 1999c; Konsler, 1987).
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Table 1. Plant characteristics and soil analyses for 14 
goldenseal
 sites
 
near the northern range limit
 
in 
Ontario
, 
Canada
.
Site                                                                                       
                         
Parameter
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Stems
1,153
768
106
4,329
45
2,324
2,597
455
188
440
37
241
50,544
648
Patches
8
10
1
3
1
2
8
2
2
3
1
1
13
4
Canopy
1
Hs
W
I
Or, I
C
I, A
Hs,
 Or
Msu
Msu
M
Msu
Hb
Msu
A
Shade 
(%)
80
30
70
65
100
60
70
60
65
50
85
60
65
65
pH
6.3
6.4
7.5
6.3
6.1
6.1
5.7
5.4
5.7
7.8
7.4
7.8
7.6
7.3
P
 
(ppm)
14
8
9
7
11
12
12
10
11
14
12
7
9
30
K
 
(ppm)
140
176
179
100
149
93
123
72
73
141
230
77
86
114
Mg 
(ppm)
266
323
528
300
290
221
375
114
100
257
191
169
343
203
Na
 
(ppm)
129
80
73
72
76
81
77
73
90
74
73
81
78
62
Ca 
(ppm)
2,270
2,780
8,240
2,730
2,420
2,360
2,710
1,290
1,420
7,350
8,300
6,960
2,160
3,990
Mn
 (index)
30
22
16
20
25
24
38
42
33
18
16
17
38
17
Zn
 (index)
27
43
26
26
29
60
48
30
33
29
36
18
39
30
OM
2
9.7
8.9
12.1
8.2
8.1
9.4
11.1
5.8
5.9
13.5
23.1
10.7
12.7
6.9
Sand
33
33
70
39
75
75
33
33
75
70
70
33
40
33
Silt 
(%)
33
33
20
37
12
12
33
33
15
20
20
33
40
33
Clay
33
33
10
24
12
12
33
33
10
10
10
33
20
33
1
 A 
=
 ash 
(Fraxinus
 
spp.);
 
C
 
=
 cottonwood 
(Populus
 
deltoides
 
Marshall
); 
Hb
 
=
 
bitternut
 hickory 
[Carya
 
cordiformis
 
(Wangenh.)
 K. Koch]; 
Hs
 
=
 
shagbark
 hickory 
[Carya
 
ovata
 (Miller) K. Koch]; I 
=
 ironwood 
[Ostrya
 
virginiana
 (Miller) K. Koch]; 
M
 
=
 maple 
(Acer
 
spp.);
 
Msu
 
=
 sugar maple 
(Acer
 
saccharum
 
Marshall
); Or 
=
 red oak 
(Quercus
 
rubra
 L.); 
W
 
=
 walnut 
(Juglans
 
nigra
 L.).
2
 Organic matter.
)
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Table 2. Site characteristics for 7 
goldenseal
 populations near the northern range limit in 
Ontario
, 
Canada
, for which only limited soil data were available
.
Site
                             
         
Parameter
 1
           
2
3
4
5
6
7
Stems
283
165
640
203
45
261
10
Patches
2
5
7
5
1
1
1
Canopy 
l
E,
 
Bas
Haw
Ob
,
 
Bas
Mr, Or
Haw
Haw
Ms
Shade 
(%)
70
50
60
70
60
70
50
Sand 
(%)
65
65
65
65
65
65
65
Silt 
(%)
20
20
20
20
20
20
20
Clay 
(%)
15
15
15
15
15
15
15
1
 
Bas
 
=
 basswood 
(Tilia
 
americana
 L.); 
E
 
=
 elm 
(Ulmus
 
americana
 L.); Haw 
=
 hawthorn 
(Crataegus
 
spp.);
 Mr 
=
 red maple 
(Acer
 
rubrum
 L.); Ms 
=
 silver maple 
(Acer
 
saccharinum
 L.); 
Ob
 
=
 bur oak 
(Quercus
 
macrocarpa
 
Michx.);
 Or 
=
 red oak 
(Quercus
 
rubra
 L.).
)


















[bookmark: OP1_NJsH4n11][bookmark: S106][bookmark: OP1_8mOk0pX2][bookmark: S107][bookmark: OP1_NaAY2pY3][bookmark: S108][bookmark: OP1_57Y24p03][bookmark: S109_Wind2E292C_Winds292C_wind2E292C][bookmark: OP1_YYoOYqV4][bookmark: S110][bookmark: OP1_OWCL4q14][bookmark: S111][bookmark: OP1_FKxE3r15][bookmark: S112][bookmark: OP1_5R6x7r35][bookmark: S113][bookmark: OP1_kX7Mee9S][bookmark: S114_gap2E_map2E][bookmark: OP1_vXLCgedS][bookmark: S115][bookmark: OP1_rBQyffcT][bookmark: S116][bookmark: OP1_cAlviffS][bookmark: S117][bookmark: OP1_urCmbg6T][bookmark: S118][bookmark: OP1_NnBijggT][bookmark: S119_2844issected][bookmark: OP1_ulfdbh8U][bookmark: S120][bookmark: OP1_jdr9ehbU][bookmark: S121_Gainers292C_Remelt292C_Memel292C][bookmark: OP1_s3DYdh9V][bookmark: S122_2843arcass_28carcass][bookmark: OP1_g1wYfhbV][bookmark: S123][bookmark: OP1_IYCVkhgV][bookmark: S124_Virginia][bookmark: OP1_EQKKdibW][bookmark: S125][bookmark: OP1_6OKChidW][bookmark: S126_inserts_Inserts][bookmark: OP1_QCExgjcX][bookmark: S127][bookmark: OP1_3CwpijfW][bookmark: S128][bookmark: OP1_VzBnljgW][bookmark: S129][bookmark: OP1_YxBblkgX][bookmark: S130][bookmark: OP1_shZdbl6Y][bookmark: S131][bookmark: OP1_sfS4elaY][bookmark: S132][bookmark: OP1_ddz9gldY][bookmark: S133_2843anicula][bookmark: OP1_Wcc9jlfY][bookmark: S134][bookmark: OP1_I29YelbZ][bookmark: S135][bookmark: OP1_6ZCXhlgZ][bookmark: S136][bookmark: OP1_vSoMbm70][bookmark: S137_Wind2E292C_Winds292C_wind2E292C][bookmark: OP1_lPNLfmd0][bookmark: S138][bookmark: OP1_cOsKjmf0][bookmark: S139][bookmark: OP1_GBTzinf1][bookmark: S140][bookmark: OP1_wDjjbo61][bookmark: S141_van_war2E_yam2E][bookmark: OP1_Rsrqcoa1][bookmark: S142][bookmark: OP1_dpEejog1][bookmark: S143][bookmark: OP1_xiSebp82][bookmark: S144][bookmark: OP1_tfg5fpc2][bookmark: S145][bookmark: OP1_x3C1bpb3][bookmark: S146][bookmark: OP1_pR7Geq94][bookmark: S147][bookmark: OP1_IPwMgqe4][bookmark: S148][bookmark: OP1_7NDCkqg4][bookmark: S149][bookmark: OP1_xGcvbr74][bookmark: S150][bookmark: OP1_VFPzera5][bookmark: S151][bookmark: OP1_XGBEn2kG][bookmark: S152][bookmark: OP1_YDfBt2pG][bookmark: S153_28sees2E_28sets2E_28seem2E][bookmark: OP1_SDWwv2qG][bookmark: S154][bookmark: OP1_1tzjn3jG][bookmark: S155][bookmark: OP1_htNhp3lG][bookmark: S156][bookmark: OP1_vs4gs3nG][bookmark: S157][bookmark: OP1_Nqlfu3qG][bookmark: S158][bookmark: OP1_0p4dw3sG][bookmark: S159][bookmark: OP1_OsvotbpO][bookmark: S160_28Ruling_2843olumbus_28Julius][bookmark: OP1_ZsfovbrO][bookmark: S161][bookmark: OP1_zjGepclP][bookmark: S162_5BLenders][bookmark: OP1_bh59rcnP][bookmark: S163]
Plant species most frequently found associated directly with goldenseal in natural populations, and thus helpful in characterizing a goldenseal site, were wooly blue violet (Viola sororia Willd.), cut‑leaved cranesbill (Geranium maculatum L.), false Solomon's seal [Maianthemum racemosum (L.) Link ssp. racemosum], white trillium [Trillium grandiflorum (Michx.) Salisb.], wild yam‑root (Dioscorea quaternata J. Gemel.), enchanter's nightshade (Circaea spp.), inserted virginia creeper [Parthenocissus inserta (A. Kern.) Fritsch.], wild leek (Allium triccocum Aiton), spotted touch‑me‑not (Impatiens capensis L.), snakeroot (Sanicula spp.), false mermaid (Floerkea proserpinacoides Willd.), trout lily Erythronium spp.), and wood anemone (Anemone quinquefolia L. var. quinquefolia). Patches of bloodroot (Sanguinaria canadensis L.), mayapple (Podophyllumpeltatum L.), white trillium, and blue cohosh [Caulophyllum thalictroides (L.) Michx] were often common and scattered throughout the woods where goldenseal occurred (pers. obs.; Davis, 1996b, 1999a, 1999b, 1999c; Konsler, 1987). The presence of these woodland herbs indicates appropriate woodland sites for cultivation. These authors suggest avoiding sites where undergrowth is very thick because of competition for resources and reduced air circulation. However, the most vigorous naturally occurring plants (i.e., largest and darkest green) grew in a woodland edge where undergrowth was thick, and raspberry (Rubus spp.), spice bush [Lindera benzoin (L.) Blume], and various introduced woody shrubs were common.

Cultivation requirements
Soil texture.  Of the natural populations surveyed, 13 grew in sandy loam, 6 in clay loam, and 2 in loam soils. 

[bookmark: OP1_rj7hqkmX][bookmark: S164][bookmark: OP1_5fpbwkrX][bookmark: S165][bookmark: OP1_4mCinoj1][bookmark: S166_2843ache_28each2C_28cache][bookmark: OP1_Ah77voq1][bookmark: S167][bookmark: OP1_Cgb6xot1][bookmark: S168][bookmark: OP1_7aE0noj2][bookmark: S169][bookmark: OP1_o9XYqol2][bookmark: S170][bookmark: OP1_H8fXsoo2][bookmark: S171][bookmark: OP1_V60Vuoq2][bookmark: S172][bookmark: OP1_5Y1Mnpj3][bookmark: S173][bookmark: OP1_LTFOvpr3][bookmark: S174][bookmark: OP1_hKXIoql4][bookmark: S175]Fourteen of the 15 interviewed growers were successfully growing goldenseal in loam soils (7 growers specified sandy or clay loam, 1 specified sandy or silty loam; Table 3). Similar preferred soil type has been reported by researchers and experienced growers (Cech, 1995, 2000; Davis, 1996a, 1996b, 1999a, 1999b, 1999c; Konsler, 1987). Konsler (1987) and Davis (1996b) state that goldenseal tolerates any soil type except heavy clay or light sand, but some growers reported successful growth in predominantly clay or predominantly gravelly soils (Table 3). In so far as soil texture contributes to a large population, the largest natural populations grew in loam soils (Table 1). The healthiest natural population, based on number of stems, number of patches, leaf size, and leaf color (i.e., health defined in terms of size of the population, size of plants in the population, and absence of stress as suggested by color), occurred in clay loam soil.

[bookmark: OP1_HragY7UK][bookmark: OP1_kpGe571K][bookmark: OP1_I34SY8TM][bookmark: OP1_m3IR08WM][bookmark: OP1_qQeF09WN][bookmark: S15_MOW][bookmark: OP1_frMg0bWO][bookmark: OP1_zr8g3bZO][bookmark: OP1_Wqtf5b1O][bookmark: OP1_gqPf7b3O][bookmark: OP1_Mgj6YcUP][bookmark: OP1_Lf140cWP][bookmark: S21_Heritage_Marriage][bookmark: OP1_W30R1cYQ][bookmark: OP1_cQhF3d0R][bookmark: S23_Herman2C][bookmark: OP1_LQPE8d3R][bookmark: OP1_IF0uYeTR][bookmark: OP1_1hHdZgWT]Moisture.  Natural populations of goldenseal occur on uplands in mesic woods, as well as on lowlands near rivers in dry mesic to mesic woods (Sinclair and Catling, 2000a). Many sources allude to a preference for moist but well‑drained soils (Davis, 1996a, 1996b, 1999a, 1999b, 1999c; Hardacre et al., 1962; Li and Oliver, 1995; Maskewich, 2000; McLellan and Felton, 1998; Merwin, 2000; Reeleder, 2000). All 15 growers indicated that moist but well‑drained soils are optimal for goldenseal growth; however, one grower grew one plot of plants successfully in what was referred to as "sloppy, muddy" conditions (Table 3).

[bookmark: OP1_suohZjVW][bookmark: OP1_0sGp3j0W][bookmark: OP1_XiLc3oZ1][bookmark: OP1_ohZ66o11][bookmark: OP1_gX8SaW7A]According to Konsler (1987), goldenseal grows best on slopes that provide good surface drainage; however, 6 growers reported excellent growth on level (or slightly sloping) terrain without raised beds, and 12 of 21 natural populations (60%) occurred on level land. Davis (1999a, 1999c) states that, under cultivation, raised beds should be constructed to promote good water drainage. Eight of the interviewed growers had success with raised beds, but seven also had success without them. Davis (1996a) suggests mulching with shredded leaves, chopped straw, and similar materials, to reduce moisture loss and weed growth, and increase winter protection. Seven growers reported the use of mulch 
[bookmark: OP1_EbP7d88L][bookmark: S32_28JIM2E_284144M2E_28I42M2E_28KIM2E][bookmark: OP1_C7GWe89M][bookmark: S33_sees2E_sets2E]to increase soil organic matter content rather than to protect the plants during winter. Disadvantages of surface mulch include its removal to allow emergence of seedlings and its provision of cover for certain pests such as slugs. Current research is directed at optimal mulch selection and it appears so far that plants perform best with hardwood and pine bark mulches (J.M. Davis, North Carolina State University, pers. comm., 2000). Bryant (1977), an experienced grower, emphasized the importance of preventing the beds from drying out in summer. 

When grown under a forest canopy, goldenseal usually does not require irrigation, unless subject to 
drought conditions, which cause plants to drop foliage and become dormant earlier (Davis, 1999c). While some interviewed growers irrigate during periods of plant stress, many reported that irrigation is not necessary, and a few emphasized "no irrigation" (Table 3).
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Table 3. 
Info
rmation on goldenseal production obtained from interviews with 12 growers in the 
U.S.
 and 3 growers in 
Canada
 with 5 to 18 years experience in growing goldenseal.
State/
                      Soil                Soil
            Soil
              0M
1
         
Shade
Province         Method         moisture         texture         pH
              (%)
            (%)
                           Comments
British
raised beds
moist, not
sandy
7
5 dry 
wt
78
Gentle slope; little fertilizer used
Columbia
wet
loam
Iowa
woodland
well
loam
6
high
78
Gentle slope; tough with seeds, hard to get going
drained
Maine
woodland,
moist,
sandy
5.5
6.5
high, leaf
70
75
Level ground; 3
4 
yrs
 to harvest from rootstock;
raised beds
good
loam
mold
seeds are fussy
drainage
Missouri
woodland
moist, well
sandy
3.5
5
high
87
Slight slope; 3 
yrs
 until harvest from rootstock
drained
loam
New York
woodland,
moist, well
rocky
4.8
15
25
75
Slope 
20
30
;
 low germination rates with seeds;
raised beds
drained
clay
fruit pulp inhibits germination; does not irrigate;
does well in sloppy, muddy spot; tolerates wetter,
drier, and sunnier conditions than ginseng; easier
to grow than ginseng; will sunburn; plants with
ginseng for less disease; impossible to dig out a
goldenseal
 bed
one fiber starts a new popula
tion; very tough plant; uses sugar maple sawdust
mulch
North
woodland,
moist
loam
6
6.5
30
50
70
80
Gentle slope; never irrigated, naturally moist;
Carolina
no raised
more tolerant of drought, soil type, etc. than gin
-
beds
seng; likes lime, grows prolifically in lime belt
between 
North Carolina
 and 
Tennessee
; north fac-
ing slope best, next best is east; shade cloth is
mistake; does not fertilize; uses 3/4 pine bark
compost and 1/4 
veggie
 mulch; size of bud, 
1gth.
of rhizome, and no. of rootlets critical; seeds chal-
lenging; 5 
yrs
 to harvest from rootstock
North
woodland
moist, well
loam
5.6
high
70
Fairly steep terrain; grows best in loam with leaf
Carolina
patches
drained
mold
North
raised beds
moist, well
loam
5.5
6
50
70
Slight slope; no luck with seeds; 4 
yrs
 to harvest
Carolina
drained
from rootstock; prefers soil rich in humus
Ohio
woodland
moist, well
loam
6
7
high
75
80
Level ground; favors beech canopy; 4 
yrs
 to har-
patches
drained
vest from rootstock; grows in almost swampy con
ditions; grows well in loose and crumbly clay
also; once established, can withstand drought;
composted
 leaves added; very fertile soil is op
-
timal
Ohio
woodland,
moist, well
sandy or
5
6.5
high, 5
70
Level ground; rots in wet conditions; tolerates as
raised beds
drained
clay
dry 
wt
low as 50% shade, depending on zone; 4 
yrs
 to
loams
harvest from 
3
g
 root, 6
7 
yrs
 from seed; culti
vated 
goldenseal
 grows significantly better than
in the wild; no proof yet for better growth with
high Ca; raised beds minimize disease, make har
-
vesting easier
)
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Table 3. 
Info
rmation on 
goldenseal
 production obtained from interviews with 12 growers in the 
U.S.
 and 3 growers in 
Canada
 with 5 to 18 years experience in growing
 
goldenseal.
 (Continued)
State/
                         Soil              Soil           Soil
           OM
1       
     
Shade
Province        Method             moisture       texture        pH
           (%)
   
            (%)
                             Comments
Ontario
woodland
moist, not
loam
7
high
50
Slight slope or level ground; 
composted
 manure
edge, raised
dry or
added each spring; grows best in good forest soil
beds
sloppy
(loam)
Ontario
woodland,
moist, well
sandy
5
6.5
70
70
80
Level ground; 3
4 
yrs
 to harvest from rootstock;
raised beds
drained
loam
uses seed from 
3
yr
old
 plants, germination is
90%
Oregon
woodland,
moist, me
sandy or
no test
high
no test
Level ground; select good forest soil; give it as
no raised
sic forest
clay
much light as it will take; grows well at forest
beds
loams
edge; poor evidence for yield improvement with
hardwood compost; leaf mulch is good to add
Tennessee
woodland
moist
               loam
5.5
6.5
20  
80
85
Level ground
Wisconsin
artificial
well
sandy or
5
6.5
3
4 dry
75
78
Level ground; little chemicals required; high la
-
shade,
drained
silt
wt
bor costs 
($28/hr);
 4 
yrs
 to harvest from root
raised beds
loarns
stock; 6 
yrs
 to harvest from seed; seeds not diffi
-
cult at all
1
 
Organic matter content is measured as the percentage of the soil based on visual observation, unless otherwise indicated.
)
[bookmark: OP1_IonljjgW][bookmark: OP1_h3AZao62][bookmark: OP1_89iPkof2][bookmark: OP1_PCCyiqe4][bookmark: S39][bookmark: OP1_ksXhar64][bookmark: OP1_avQsoYlB][bookmark: OP1_M7sXn3iH][bookmark: S42_42ar_42it]pH.  The naturally occurring goldenseal populations occur in soil with pH ranging from 5.4 to 7.8. The largest populations were observed in soil with pH 6.3 to 7.8. Other large populations (>1000 stems) occurred within a soil pH range of 5.7 to 6.3. Three of the five smaller populations ( 241 stems) grew in soil with pH > 7.4 (Table 1). The healthiest population grew in soil with pH 6.4. Davis (1996a, 1998, 1999b) found optimal growth (100% survival, larger and healthier plant tops, higher fresh root weight) between pH 5.5 to 6.5, based primarily on experiments with goldenseal grown in pots with forest soil under a wood lath structure. Almost all interviewed growers reported optimal growth within the same pH range. However, one grower in New York State (listed in Table 3) reported successful woodland cultivation in soil with pH 4.8. Davis and Bir (1998) emphasize the importance of maintaining pH at 5.5 to 6.5 because of the sensitive relationship between pH and growth.

[bookmark: OP1_yVdSq8nM][bookmark: OP1_8uVpwasN][bookmark: OP1_Mm19nbiO][bookmark: OP1_cX5KocjQ][bookmark: OP1_VXEJrcmQ][bookmark: S47_Zvi_Zen3B_41nn3B_44an3B_44un3B][bookmark: OP1_ll6hqfmS][bookmark: OP1_Lab2rfmT][bookmark: OP1_F7WUyfsT][bookmark: OP1_yUSPxgsU][bookmark: OP1_jJJDwhrV][bookmark: OP1_Iy8trimV][bookmark: S53][bookmark: OP1_Oo5bnjhW][bookmark: OP1_7LpzrlmZ][bookmark: OP1_dJ3zulrZ][bookmark: OP1_bnwlonl0][bookmark: OP1_slZavnq0][bookmark: OP1_qkW9xns0][bookmark: OP1_Scr1noj1][bookmark: S60][bookmark: OP1_1bz0pol1][bookmark: S61][bookmark: OP1_S9WYvns1][bookmark: S62][bookmark: OP1_JZ5Opol2][bookmark: S63][bookmark: OP1_3NnJppm3][bookmark: S64][bookmark: OP1_2ACppql3][bookmark: S65][bookmark: OP1_kzUorqn3][bookmark: S66][bookmark: OP1_zyYnuqq3][bookmark: S67_Heritage2C_Marriage2C][bookmark: OP1_PpUdnrj4][bookmark: S68]Soil fertility.  Soil fertility (nutrients and organic matter) data for 14 naturally occurring goldenseal populations are presented in Table 1. According to fertility guidelines for native ornamentals (OMAFRA, 2000), all populations occurred in soil with high organic matter; adequate Mg, Mn, and Zn; but low P. Although population size and health are generally attributed to soil fertility, two of the largest populations (>1000 stems) occurred in soils with low K, and two with medium K levels. Of the smallest populations ( 241 stems), two grew in soils with low K, two with medium K, and one with very high K levels. The healthiest populations, based on number of stems, number of patches, leaf size, and leaf color, occurred in soils with medium K levels. Goldenseal is widely reported to prefer rich or fertile soils (Beyfuss, 1999; Davis, 1996a, 1999a, 1999b, 1999c; Kelly, 1977; Maskewich, 2000; Reeleder, 2000) high in organic matter (Beyfuss, 1999; Bryant, 1977; Davis, 1996b, 1999b; Hardacre, 1977; Konsler, 1987; McLellan and Felton, 1998). All 15 growers indicated that goldenseal grows best in very fertile soil high in organic matter. Most did not quantify the amount of organic matter in the soil, but merely indicated that it was "high." Other growers stated that, based on visual observations, organic matter content of their soils ranged between 15 and 70% (Table 3).
Before planting goldenseal, it is generally recommended that the soil be tested and fertility recommendations for native ornamentals be followed, if the soil testing laboratory does not provide any specific guidelines for goldenseal (Davis, 1996a, 1999a, 1999c). If tests indicate low fertility levels, addition of organic matter, such as composted manure, composted leaves, bone meal or cottonseed meal, is recommended (Bryant, 1977; Davis, 1996a, 1999c). Goldenseal does not benefit from addition of inorganic N or P, based on a 3‑year experiment with application rates of 0 to 0.3 kg/m3 N and 0 to 0.3 kg/m3 P (Davis, 1998, 1999a, 1999b; Davis and Bir, 1998). None of the interviewed growers used chemical fertilizers, but instead added organic material such as leaf mold or composted manure (Table 3). Davis (1996a, 1999c) and Li and Oliver (1995) stress the importance of avoiding over fertilization as it can promote plant disease. According to Davis (1999c), goldenseal growing on high organic matter soils should be only lightly fertilized with an organic source of nutrients. Furthermore, Davis (1999c) suggests application of a balanced fertilizer at a low rate each spring, and Cech (1995), a grower with over 15 years of experience, suggests addition of compost each summer.
One interviewed grower reported that goldenseal "grows prolifically in [the] lime belt between North Carolina and Tennessee" (Table 3). However, T. Blakley (pers. comm., 2000) at the National Center for the Preservation of Medicinal Herbs in Rutland, Ohio, pointed out that there is no proof yet that goldenseal will produce more with higher Ca levels. In fact, preliminary results from an ongoing calcium study show that application of 2.2 to 5.6 Mg of Ca ha-1 (2,000 to 5,000 lb ac-1) reduced leaf number and plant height, increased disease incidence, and caused earlier dieback (J.M. Davis, pers. comm., 2000).

Shade.  Natural populations in the northern range limit of goldenseal were subject to 30 to 90% shade. Shade requirements reported by interviewed growers and in the cultivation literature fall within the upper portion of this range. Interviewed growers reported 70 to 87% shade as optimal for growth, except for one Ontario grower who reported optimal growth under 50% shade. Hardacre (1977) successfully grew goldenseal under 66% shade; other researchers and farm managers report 75 to 80% shade for optimal growth (Beyfuss, 1999; Davis, 1996a, 1999b; Li and Oliver, 1995; Merwin, 2000). Konsler (1987) reported 65 % shade as minimum tolerance. Conversely, natural populations thrived with as little as 30% shade. The healthiest natural population grew under 30% shade in a woodland edge, and one grower also found that goldenseal grew well at the forest edge (Table 3). The largest natural populations (>1000 stems) grew under conditions of 60 to 65% shade (Tablet). Although studies are not complete, Davis (1999a) reported that optimal plant growth occurred between 63 and 80% shade, and the highest plant stand counts and survival occurred under conditions of 47 to 63% shade. T. Blakley (pers. comm., 2000) suggested that 50% shade may be adequate in the northern U.S. states and southern Canada, but in the warmer south, 70% would likely produce better results. Davis (1996b, 1999a, 1999b, 1999c) and Konsler (1987) suggest avoiding cultivation sites in forests with no undergrowth (possibly it is too dark or dry). In natural populations, plant vigor was low (i.e., wilted, discolored, and shorter plants) with 90% shade and sparse undergrowth, but high (larger, greener plants) in sites with an even undergrowth and up to 70% shade.

Propagation.  Goldenseal can be propagated from rhizome pieces, seed, buds, one‑year‑old seedlings, and/or root cuttings (Bryant, 1977; Davis, 1996a, 1998, 1999a, 1999b; Konsler, 1987; Li and Oliver, 1995; Merwin, 2000). It takes 3 to 5 years to grow harvestable roots from rhizome pieces, 5 to 7 years from seed (Cech, 2000; Davis, 1996a, 1999a; Merwin, 2000), and 4 to 6 years from root cuttings or seedlings (Davis, 1999a). Literature sources indicate that goldenseal is most easily and reliably propagated by dividing rhizomes in 2.5 cm (1 inch) or larger pieces, each with a bud and roots (Davis, 1996a, 1999a, 1999b, 1999c; Konsler, 1987).
From 24 to 27 August, 1999, at the start of senescence, the authors planted 100 rhizome pieces, each with at least 1 bud and numerous rootlets, at each of 5 sites where goldenseal grows naturally in Ontario. Based on analysis of variance, no significant difference in growth (leaf width and plant height) was found in either spring (4 to 6 May, 2000), summer (19 to 21 June, 2000), or fall (21 to 23 August, 2000) between small rhizome pieces [<2.5 cm (1 inch)] and larger pieces [<5 cm (2 inches), <7.5 cm (3 inches), and > 7.5 cm (3 inches)]. Studies on rhizome size (primarily its length) and rootlets, with or without buds, show that numerous healthy rootlets on a rhizome are important (i.e., little or no growth without) and latent buds produce plants when buds are not obvious or broken off (Davis, 1998). One of the interviewed growers stressed that bud size, rhizome size, and number of rootlets affect growth rate (Table 3). Ease of propagation was emphasized by many of the interviewed growers, and most prefer to use rhizome pieces that allow earlier harvest.
One grower reported positive results from passing goldenseal roots through a wood chipper, scattering the pieces over prepared beds, and raking them into the soil. Another grower claimed it was impossible for a goldenseal bed to be completely dug out because root fragments left in the soil will start a new population. Davis (1998) also reports that small root pieces left in the soil after harvest produce new plants the next year. Some have had success by simply layering rootlet cuttings in a bed, letting them grow for a year, and transplanting them (Davis, 1998, 1999a).
[bookmark: OP1_Xjyg3MZp]Literature on cultivation (Davis, 1996a, 1999c) and information from interviewed growers (Table 3) indicates that propagation of goldenseal by seed is difficult and unpredictable. Cech (2000) places cultivation of goldenseal by seed in the "extra care" category (compared to "challenging" or "easy"). Germination rates of purchased seed range from 0 to 90% (Davis, 1999c). Davis (1999b) reports that many growers achieve only 30 to 40% germination the first spring after sowing. She obtained about 33% germination the first year, but up to 94% the second year after sowing. Through experimentation, Davis (1998) found no effect of extraction method or disinfecting treatment on germination, but that sowing time and temperature were critical. The highest germination percentage was with seeds held at room temperature (21C) for 2 weeks before planting, and the highest germination (up to 88%) was with seeds sown in August (shortly after extraction), compared to late fall or spring. Interestingly, one interviewed grower emphasized that propagation by seed was not difficult (Table 3).

[bookmark: OP1_7JMI3S0w][bookmark: OP1_nl2j3UZx][bookmark: OP1_aXGO5V1z][bookmark: OP1_aYTO7V3z][bookmark: OP1_tMUK8W3A][bookmark: OP1_NwdlYXTA][bookmark: OP1_lzTq7X3A][bookmark: OP1_6WWU1ZXD][bookmark: OP1_RYAO6Z2D][bookmark: OP1_lzRq713E][bookmark: OP1_PkybY2UF][bookmark: OP1_Dmhl421F][bookmark: OP1_KLPAY4UI][bookmark: OP1_jLsE04YI][bookmark: OP1_9NLC542I][bookmark: OP1_Xnhl360J][bookmark: OP1_L9hZY6UK][bookmark: OP1_W9G006WK][bookmark: OP1_xNjD682M][bookmark: OP1_7YhV1bXP][bookmark: S20_28JIM2E][bookmark: OP1_YW1K3cYQ][bookmark: S21_sees2E_sets2E]Diseases and pests. None of the 21 wild populations of goldenseal showed evidence of disease or pest problems. Similarly, cultivated goldenseal rarely suffers from disease or pests when grown in small plots in the woods (Davis, 1999a, 1999c). Some plantings may be affected by botrytis leaf spot and/or slugs (Davis, 1999c; Li and Oliver, 1995). Removal of affected foliage and mulch provides reasonable control for botrytis (Davis, 1999a), and successful methods of control for slugs have been documented (Davis, 1999a, 1999c). However, as goldenseal has been increasingly cultivated, there are now more reports of diseases (caused by Alternaria, Rhizoctonia, and Fusarium) occurring under artificial shade structures, but not in the forest (Beyfuss, 1999; Davis, 1999a, 1999c). The more intensive the production system used, the greater incidence of disease (Davis, 1999b). The chance of diseases can be reduced by proper sanitation practices, adequate air and water circulation, and avoiding over fertilization (J.M. Davis, North Carolina State University, pers. comm., 2000). None of the interviewed growers reported any diseases or pests associated with their production practices.

Commercial production
[bookmark: OP1_xNGL1iYW][bookmark: OP1_9Brw0jXX][bookmark: S23_28Herman2C_28Harman2C_28Harwell2C][bookmark: OP1_WDEA7n31][bookmark: OP1_xlzaYpT2][bookmark: S25_sees2E_sets2E][bookmark: OP1_u18Z1pY3][bookmark: OP1_DXqVdJan][bookmark: OP1_ub99gNdq][bookmark: OP1_ioBlhQet][bookmark: OP1_oaH1fQau][bookmark: S30_43ache_each2C][bookmark: OP1_Yct3kRgu][bookmark: OP1_sY1NbR6v][bookmark: OP1_HZKOdR9v][bookmark: OP1_CNgMhSew][bookmark: OP1_ccOadVay][bookmark: OP1_JZwQfVcz][bookmark: OP1_Cy7mdY8B][bookmark: OP1_nqqnlYgB][bookmark: OP1_kbL8aZ7C][bookmark: OP1_FiZ3eZaC][bookmark: OP1_TdcchZeC][bookmark: OP1_k02QcZ8D][bookmark: OP1_A1fZhZeD][bookmark: OP1_pvJgf2bF][bookmark: OP1_Eqnhk2gF][bookmark: OP1_iOWMa47I][bookmark: OP1_2qQoc69J][bookmark: OP1_nc1bc78K][bookmark: OP1_92jTh7dL][bookmark: S50_each][bookmark: OP1_HRlPj8gM][bookmark: OP1_mEsDgdeR]Some ginseng farmers have taken advantage of goldenseal's potential as a rotation crop (Merwin, 2000). Its value results from the perception that ginseng cannot be grown continuously due to deterioration of soil quality. However, this may be overstated since soil quality adequate for ginseng production can be maintained (T.S.C. Li, Agriculture and Agri‑Food Canada, pers. comm., 2000). Ginseng farmers have noted that goldenseal has similar cultural requirements and, consequently, there is substantial potential profit in taking advantage of an existing ginseng plantation to grow goldenseal. The raised beds, forest site, or shade apparatus is already in place and similar equipment can be used in crop management and harvesting. It is generally conceded that goldenseal is less difficult to grow than ginseng because of the greater tolerance of the former crop to higher light intensity, wetter conditions, and diseases and pests (Beyfuss, 1999; Bryant, 1977; Cech, 1995; Davis, 1996a, 1996b; Konsler, 1987; Table 3). Two growers indicated that goldenseal is more tolerant of drying out and grows well in much wetter conditions, compared to ginseng, and goldenseal roots are less likely to rot (Table 3). Goldenseal is not affected by the most serious diseases of ginseng, e.g., leaf and stem blight caused by Alternaria panax and root rot caused by Phytophthora cactorum (Beyfuss, 1999; Davis, 1999a). In fact, goldenseal may be grown successfully in locations where ginseng crops have failed due to root rot caused by P. cactorum (Davis, 1999a). Davis (1998) found that by the second year after planting old ginseng beds half with goldenseal and half with ginseng, 28% of the ginseng remained compared to 80% of the goldenseal, at one site, and 83% of the goldenseal was left, but none of the ginseng, at another site. Cech (1995) reports that some growers mix goldenseal plants in with their ginseng to "purify" the soil. One of the growers reported use of this strategy (not recorded in Table 3). One farmer growing both ginseng and goldenseal referred to them as "the king and the queen," the "queen" (goldenseal) being more robust and reliable.

Current research
[bookmark: OP1_j4gTdh9V][bookmark: S53_JIM2E][bookmark: OP1_9DWsaj6W][bookmark: S54_WOW][bookmark: OP1_26e4jlgZ][bookmark: OP1_7Q6Fam50][bookmark: OP1_1FlCcn71][bookmark: OP1_SPYuen80][bookmark: OP1_NQTvjnd0][bookmark: OP1_64L2cp93][bookmark: OP1_xWOIeq94][bookmark: S61_terms_terns][bookmark: OP1_kIcyjrg5][bookmark: OP1_cdSctJqm][bookmark: OP1_QquoqMnp][bookmark: OP1_Ys0rwUsx][bookmark: OP1_HcM2sWnz][bookmark: S67_sees2E_sets2E][bookmark: OP1_WSYHxWsA][bookmark: S68_Rep2E_RO442E_R45442E][bookmark: OP1_SD3tnXjA][bookmark: S69][bookmark: OP1_P3mZn3kH][bookmark: S70][bookmark: OP1_N5N3v3rH][bookmark: S71_2843alling_28calling_2843ollins][bookmark: OP1_0TURw4sI][bookmark: S72_43alling2C_calling2C_43ollins2C][bookmark: OP1_OEnun5jI][bookmark: S73][bookmark: OP1_ZFBvp5lI][bookmark: S74][bookmark: OP1_qi5hubqO][bookmark: S75][bookmark: OP1_HjnhsfpS][bookmark: S76]Several cultivation studies under the direction of J.M. Davis are underway at North Carolina State University (Davis, 2000a). Included are studies on factors influencing quality grades (based on alkaloid content), propagation methods (rhizome pieces and rootlets), seed germination, spacing of seedlings and rhizome pieces (5 cm x 5 cm to 30 cm x 30 cm), mulches (seven types), and shade (four levels). She is also investigating the potential of goldenseal as a rotation crop for ginseng in terms of soil improvement (Davis, 1998). J. Simon at Purdue University is testing whether goldenseal is more subject to diseases under a shade structure compared to a forest canopy (Davis, 1998). Research on the cultivation requirements of goldenseal is also being conducted at the National Center for the Preservation of Medicinal Herbs in Rutland, Ohio. Studies include identification of diseases and pests; importance of solar direction; comparison of yield from seed vs. rootstock and from raised beds vs. planting in ground; light, fertility, and pH requirements; mulches; seed stratification techniques; drying methods; and storage methods (McNeill et al., 2000; T. Blakley, National Center for the Preservation of Medicinal Herbs, pers. comm., 2000). Research currently being conducted by R.D. Reeleder at Agriculture and Agri‑Food Canada's Southern Crop Protection and Food Research Centre features alternative methods of generating planting stock to ensure that crops are not established from wild‑collected roots, to halt decline of natural populations. Longer‑term goals at this Centre involve remedies for pest control (Reeleder, 2000). A. Sinclair (Catling and Sinclair, 1998; Sinclair and Catling, 2000a, 2000b; Sinclair et al., 2000) is studying habitat requirements and effects of disturbance that relate to growing conditions and cultivation. Two recent conferences (Louisville, Kentucky, 9‑11 May 2000, and Leeds, New York, 7‑9 September 2000) have raised awareness of the potential of ginseng and goldenseal crops. The Louisville conference, organized by T. Jones, University of Kentucky Extension Horticulture Specialist, featured workshops to teach growers how to produce ginseng and goldenseal under semi-natural and organic conditions, resulting in higher cash value.

Other considerations
[bookmark: OP1_rI6GtjpX][bookmark: S77][bookmark: OP1_2UyTpmm0][bookmark: S78][bookmark: OP1_T8y6qpn3][bookmark: S79]The demand for goldenseal may not reach the point of allowing it to become a significant crop or even a significant rotational crop in ginseng cultivation, in terms of hectarage, but there is little doubt that it will become much more widely grown on a commercial basis. Considering this possibility, there are several benefits of growing goldenseal to bear in mind.

[bookmark: OP1_fKLJurs5][bookmark: S80][bookmark: OP1_X5Z27J4n][bookmark: OP1_Dw0t8Q4t][bookmark: OP1_j7Z56R4v]Environmental friendliness. Goldenseal has an approximate "biodiversity‑ friendly" score of 17, making it one of the crops that contributes most to biodiversity protection. Its very high score is a consequence of various characteristics such as: (1) it requires relatively little agricultural input (i.e., fertilizers and pesticides); (2) it contributes to protection of wild species; (3) it requires relatively low energy for maintenance and harvest; (4) it has a high value per ha and relatively low hectarage requirement; (5) it can be grown in rotation thus reducing the need for agrichemicals; and (6) its flowers produce food for pollinators.
[bookmark: OP1_Hzuv0UYx]
[bookmark: OP1_sysu6U3x][bookmark: OP1_ENkL0XXB][bookmark: OP1_IMCJ3X0B][bookmark: OP1_eK2H7X4B][bookmark: OP1_yodm0ZXC]Sustainability and germplasm protection. Reduction of the increasing threat to natural populations as a result of cultivation could decrease the likelihood of loss of goldenseal germplasm. The germplasm may prove valuable in crop development if goldenseal gains popularity as a crop.

[bookmark: OP1_GYcN501E][bookmark: OP1_EYiN703E][bookmark: OP1_dMuz611F][bookmark: OP1_sAEo32XF][bookmark: OP1_uOaL29ZN][bookmark: OP1_kCSr3aZN][bookmark: OP1_CC1q6a2N][bookmark: S15_Heritage2C_Marriage2C][bookmark: OP1_Xpid5b2O]Low fertilization and energy requirements. Davis (1998, 1999a, 1999b) found that addition of inorganic N (ammonium nitrate) and P either reduced growth or had little effect, indicating that fertilizer requirements are generally low. Minimizing fertilization reduces both actual and environmental costs. Less expensive organic sources of fertilizer, such as leaf compost, manure compost, bone meal, or cottonseed meal, have been recommended by researchers and growers as more effective for goldenseal production (Bryant, 1977; Davis, 1996a; Hardacre, 1977; McNeill et al., 2000; Reeleder, 2000).

Availability of planting stock
[bookmark: OP1_aD1y1iYW][bookmark: S17_28McGuigan2C_28McGurn2C][bookmark: OP1_OCmx6m30][bookmark: OP1_XGvBZqV4][bookmark: S19_2843ache_28each2C_28cache][bookmark: OP1_Ge4b9s45][bookmark: OP1_oh3dcJ6m][bookmark: S21_bay]Suppliers of plant propagation material are readily available on the World Wide Web; however, a survey by the American Herbal Products Association indicates that most material is obtained from wild sources (McGuffin, 1999). Suppliers and/ or local natural resource departments may be able to ensure that source material has originated from cultivation. Current research is directed at alternative methods of generating planting stock (Reeleder, 2000) and optimizing cultivation techniques (McNeill et al., 2000), to reduce collection from wild populations. Suppliers are also encouraging growing the plant from seed (Cech, 2000). Regional natural populations contain characteristics, including local climate and pest adaptation, and possibly genetic variation in blight and drought resistance, alkaloid content, and other characteristics, necessary to develop and maintain a viable crop in local areas.

Summary and Conclusions
[bookmark: OP1_BnglhPes][bookmark: OP1_7kMhgUdx]There has recently been much increased interest in goldenseal cultivation. It is relatively easy to grow and may provide a useful diversification crop. At the same time cultivation may increase availability of this medicinal herb and contribute to the protection of natural populations. As a crop, goldenseal is considered relatively inexpensive, can be grown throughout a large region of North America, and contributes in a number of ways to the goals of sustainable agriculture.

[bookmark: OP1_rZQOcZaD][bookmark: S24_41cknowledgement][bookmark: OP1_lZ5HgZbD][bookmark: S25_JIM2E_4144M2E_I42M2E_KIM2E_MGM2E][bookmark: OP1_mCxlf0bD][bookmark: S26_RIS432E_4241SI432E_MUSI432E][bookmark: OP1_Azxpm0hD][bookmark: OP1_ZexXf1cE][bookmark: OP1_sS3Hc17F][bookmark: OP1_zsBbh2cF][bookmark: OP1_tKzAc38H]Acknowledgements.  J.M. Davis, North Carolina State University; T.S.C. Li., Agriculture and Agri-Food Canada, Summerland Research Centre; T. Blakley, National Center for the Preservation of Medicinal Herbs; and R. Cech, Horizon Herbs, were particularly helpful in providing information. The goldenseal growers provided a wealth of information and encouragement for development of this manuscript.
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