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Kummerowia stipulacea, K. striata

NRCS PLANT CODE [152]:
KUST
KUST2

COMMON NAMES:

For Kummerowia stipulacea:
Korean clover

Korean lespedeza

For Kummerowia striata:
Japanese clover

common lespedeza
striate lespedeza

TAXONOMY:
The scientific name of Korean clover is Kummerowia stipulacea (Maxim.) Makino, and the scientific name of Japanese
clover is Kummerowia striata (Thunb.) Schindl. (Fabaceae) [38,65,70,164].

Species will be indentified by common name in this review. When citing information common to both species, they are
referred to as "clovers”. The use of "clovers™ in this review refers to only Japanese and Korean clovers and not to the
large number of other species commonly referred to as clovers (i.e., Dalea spp., Medicago spp., or Melilotus spp.).

SYNONYMS:
For Kummerowia stipulacea (Maxim.) Makino:

Available literature on these species (as of 2010) suggests that the name change from Lespedeza to Kummerowia is
relatively recent, and usage of the Kummerowia genus name was not common until about the 1980s. According to
Isely [65], the annual growth habit and various morphological characteristics make Kummerowia species distinct from
Lespedeza species.

LIFE FORM:
Forb

DISTRIBUTION AND OCCURRENCE

SPECIES: Kummerowia stipulacea, K. striata

« GENERAL DISTRIBUTION
« HABITAT TYPES AND PLANT COMMUNITIES

GENERAL DISTRIBUTION:

Japanese and Korean clovers occur as nonnative species in eastern North America. Both species are native to eastern
Asia [140]; Korean clover is native to Korea, and Japanese clover is native to Japan and China [38]. In North
America, these clovers occur from New York to Florida and west to Texas, Kansas, and lowa. Although the
distributions of these clovers overlap to a great degree, Japanese clover is more common in the southern part of this
range and also occurs in New Mexico [65,93,106]. Korean clover is more common in the northern part of this range,
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and also occurs in Michigan, Wisconsin, and Nebraska. It is unclear whether Korean clover currently occurs in Florida
[109,152]. Records indicate that Korean clover was planted for pasture forage in Hawaii in 1932, but persistence to the
current day is doubtful [107,156]. Distributional maps for Korean clover and Japanese clover are available from
NatureServe and Plants Database.

Introductions and spread in North America: The introduction of Japanese clover to North America preceded
that of Korean clover by about 70 years. Although Japanese clover was likely first introduced accidentally, intentional
introductions of both Japanese and Korean clover followed this accidental introduction. Spread of both species was
facilitated by human activities, which included construction and use of travel routes and deliberate plantings for
erosion control, forage production, and mine rehabilitation. Several cultivars and strains were developed to extend the
range in which these species could be utilized in North America [52,64].

Japanese clover was first collected in North America in 1867 from Jasper County, Georgia (Porter 1868 cited in
[82]); however, reports indicate that it was observed in the 1840s in the coastal region north of Charleston, Virginia
[122]. Japanese clover likely arrived as a seed contaminant [113], possibly in materials shipped from the East Indies.
During the Civil War, Japanese clover spread in all directions, especially along railroads and trails traveled by cavalries
[122]. Mohr [105] reported that the southern agricultural press promoted the spread of Japanese clover by proclaiming
it was a "blessing" capable of transforming barren pine stands and over-cultivated fields into "rich pasture grounds".
By the early 1870s, Japanese clover covered "immense" areas east of the Mississippi and was "crowding out almost
completely the herbaceous indigenous plants” [105]. In 1884, Japanese clover was described as having taken
"possession of immense territory in the South” [96]. During this time of rapid spread, one researcher observed
Japanese clover seedlings emerging from cattle excrement and suspected that cattle aided its spread [105]. By the
1890s, Japanese clover also occurred in more western states such as Texas, Kansas [82], and southeastern Missouri
[20]. In 1897, there were Japanese clover collections from Columbia, Duval, and Alachua counties in Hitchcock's
Florida herbarium [60]. By 1904, populations were reported as far north as New Jersey and Pennsylvania (review by
[82]). By 1945, Japanese clover occurred in some counties in western lowa [42].

Korean clover was first planted by the USDA in an experimental field in Arlington, Virginia, in 1919 [113]. The
introduction(s) and early spread of Korean clover are less well documented than those of Japanese clover. Korean
clover was not reported in a southeastern flora published by Small in 1933, but it was reported as "becoming
abundantly established in many places” in Georgia in 1950 [40Q]. After its introduction, Korean clover was promoted
for soil conservation [139,140] and wildlife forage [75]. Information collected from the University of Missouri's
Extension Service showed that the acreage in Korean clover production increased by 33% from 1940 to 1941 [76].
Korean clover was common and abundant throughout Missouri by the late 1940s. Korean clover commonly escaped
from hay fields and pastures and was widely seeded for wildlife habitat improvement [78].

Deliberate planting of these clovers for mine site reclamation, forage production, wildlife habitat improvement, soil
conservation, and roadside revegetation promoted their spread throughout eastern North America. Seed of Japanese
clover was available commercially from Louisiana in 1888 and from New York and Pennsylvania by 1890 [88].

Japanese and Korean clovers were often recommended and commonly used to revegetate coal mined areas in the
eastern United States [154]. The proportion of Japanese clover, Korean clover, and sericea lespedeza (Lespedeza
cuneata) in seed mixes planted on surface mine sites in Kentucky, Illinois, and Indiana, was 34%, 11%, and 9%,
respectively [19]. In Rockcastle County, Kentucky, Korean clover persisted for at least 12 years on all 3 surface coal
mine sites where it was seeded [148], and on an 18-year-old surface coal mined area in Laurel County, Kentucky, it
was considered "adapted to the point of becoming naturalized" [147].

Although the production of Japanese and Korean clover peaked in 1949 at about 50 million acres (20 million ha)
(Henson 1957 cited in [93]), it was utilized extensively as hay and pasture from the 1940s to the 1960s. In about 1950,
production of these clovers for forage seed exceeded that of all other forage crops [113]. From 1951 to 1960, there
were nearly 5 million acres (2 million ha) of the clovers in hay and seed production. American farmers produced more
than 6 million tons of clover hay annually from 1943 to 1952 [58]. In the 1960s, Japanese and Korean clovers were
the most widely planted pasture and hay legume in the south-central and southeastern United States [143]. McGraw
and Hoveland [93] reported that as fertilizer use increased after World War |1, use of these clovers as hay and cover
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crops decreased, making it primarily a pasture species. However, wildlife studies conducted during times of peak
Japanese and Korean clover production indicated that Japanese and Korean clover were utilized by a variety of wildlife
species [76,77,78]. These findings promoted the use of these clovers to improve wildlife habitats. Easy and
inexpensive establishment and permanent forage availability were highlighted in wildlife management studies [75,80].

Japanese and Korean clovers were also planted for erosion control on roadside cuts and to improve soils in cereal crop
rotations. Rapid establishment of dense stands can prevent the loss of soil to wind and water, and tilling in these stands
can increase soil fertility and organic matter [58]. During surveys of the railroad network around St Louis, Missouri,
Korean clover occurred in 7 of 8 sampling sites. Korean clover was seeded on a roadside bank at one site and was still
"thriving" at least 10 years later [106].

HABITAT TYPES AND PLANT COMMUNITIES:

In the United States, Japanese and Korean clovers often occur in disturbed areas, pastures, grasslands, old fields, and
savannas. Similar habitats are described in the native range for Japanese clover. In Japan, Japanese clover was common
in short-grass pasture vegetation dominated by Korean lawngrass (Zoysia japonica), especially in cool-temperate
climates [111]. Large Japanese clover populations were also described along disturbed floodplains in Japan [108].

Japanese and Korean clovers occur in similar nonnative habitats. Both species are described in fields and open
woodlands in the Great Plains [52,140], in sandy soils along Jonca Creek in Ste Genevieve County, Missouri [142],
and in old fields and grassy meadows (mowed at intervals of <1 to 5 years) in Athens County, Ohio [131]. Old fields,
pastures, other grasslands, and roadsides are common habitats for these clovers in Tennessee [25], Kentucky [146],
and Virginia [2]. Grasslands containing these clovers in Kentucky were grazed by bison, elk, and white-tailed deer
[146]. Several studies indicate that the clovers may be more abundant and more persistent on grazed than ungrazed
sites (see Grazing section). Japanese and Korean clovers are also reported in cedar glade environments in the
southeastern United States. Cedar glades are usually dominated by bluestem (Scoparium spp.) [13]. See Site
Characteristics for information on the edaphic characteristics of cedar glades.

Japanese clover: Various plant communities have been invaded by Japanese clover. Establishment and persistence
of Japanese clover often depend on disturbances. In northern Florida, Japanese clover has been reported in shortleaf
pine (Pinus echinata) stands [46]. In the Ichaway region of Georgia's Coastal Plain, Japanese clover was restricted to
disturbed sites that included roads, field margins, wet ditches, fire breaks, and old homesteads in a longleaf
pine/pineland threeawn (P. palustris/Aristida stricta) remnant [39]. In Cameron Parish, Louisiana, Japanese clover
occurred infrequently in prairies and on beach ridges along historic Gulf of Mexico shorelines [41]. In southeastern
Ohio's Strounds Run State Park, Japanese clover was frequent in old fields snd young deciduous woodlands (30-40
years since canopy closure), and along roadsides and trail edges [55]. Japanese clover occurred on shale barrens in
southern Illinois [159] and in seasonally mowed, herbaceous, roadside vegetation bordering a pitch pine-oak (P.
rigida-Quercus spp.) forest in New York [82].

Korean clover: Many early-seral, open habitats support Korean clover populations, but only a few examples are
described here. In southern Illinois, Korean clover occurred in lowlands [103], barrens [3], and old-field vegetation.
Korean clover was especially common (up to 75% cover) in old fields that had not been disturbed for 25 years and had
only occasional shrubs and tree seedlings [103]. In the Devils Kitchen area in Illinois, Korean clover codominated an

open area with rock muhly (Muhlenbergia sobolifera) [102]. In Calvert County, Maryland, Korean clover occurred,
although not abundantly, in a xeric, disturbed barrier dune community [135].

BOTANICAL AND ECOLOGICAL CHARACTERISTICS

SPECIES: Kummerowia stipulacea, K. striata

« GENERAL BOTANICAL CHARACTERISTICS
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« SEASONAL DEVELOPMENT
« REGENERATION PROCESSES
« SITE CHARACTERISTICS

« SUCCESSIONAL STATUS

i s
Korean clover Korean clover
Photo © B. Eugene Wofford Photo © John Beck

University of Tennessee Herbarium

GENERAL BOTANICAL CHARACTERISTICS:

* Botanical description
¢ Raunkiaer life form

Botanical description: This description covers characteristics that may be relevant to fire ecology and is not meant

Aboveground description: Japanese and Korean clovers are freely branched, short-statured to prostrate annuals
[38,52]. Plants are generally more prostrate in sparse stands and more erect in thick stands [113]. The clovers produce
fine stems [93] with alternate, compound leaves with 3 leaflets [38,140]. Both chasmogamous and cleistogamous
flowers occur either singly or in groups of up to 5 in a spike-like raceme [52,120,139,140]. Legumes are small and 1-
seeded [52,139,140].

Several growth characteristics distinguish Japanese from Korean clover. Although both species are generally less than
16 inches (40 cm) tall [38,49,120], Korean clover may be taller, up to 24 inches (60 cm) [49,120]. Korean clover
produces coarser foliage and broader leaflets than Japanese clover [161]. Hairs on Japanese clover stems point
downward and those on Korean clover point upward [52,104,161]. Japanese clover produces legumes in the leaf axils
along the entire stem length, whereas Korean clover produces clusters of legumes in only the leaf axils at the branch
tips [93]. Seasonal differences in development may also be useful for differentiating the clovers; see the discussion
below. For more distinguishing characteristics, consult the following references: [64,161]. For information on the
many Japanese and Korean clover cultivars including morphological characteristics, release date, and preferred site
and climate conditions, see these references: [58,93,161].

Belowground description: Japanese and Korean clovers produce shallow taproot systems [93]. At growth stage O,

before true leaves were produced, Japanese clover taproots averaged 0.5 inch (1.4 cm) long. Seedling survival requires
available moisture at this shallow depth [108]. Studies in southeastern lowa revealed that Korean clover roots were
confined to the top 6 inches (15 cm) in eroded old-field soils [16].

Raunkiaer [121] life form:
Therophyte

SEASONAL DEVELOPMENT:
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Japanese and Korean clovers are warm-season annuals. Korean clover is said to mature earlier than Japanese clover
[93,161]; however in field studies in Columbia, Missouri, Japanese clover began flowering 7 to 10 days before Korean
clover. Seed yield for Korean clover exceeded that of Japanese clover (P<0.05) [14]. These clovers are generally most
productive in late summer. In crop production studies in Columbia, Missouri, they produced maximum biomass in
July, August, or early September [14,93]. In Missouri, Korean clover is generally 3 to 6 inches (8-15 cm) tall by mid-
June [57]. Flowering generally occurs in late summer or early fall. Flowering and seed production are affected by day
length. Plants in the South flower and produce seed before those in the North because of short day lengths and high
temperatures. Plants remain vegetative longer where days are longer, and low temperatures lengthen the time between
flowering and seed maturation [113]. During field experiments in Hawaii, Japanese and Korean clover only grew a
few inches tall before setting seed and senescing. In greenhouse studies, plants exposed to days longer than 14 hours
produced vegetative growth without flowering, whereas days less than 14 hours long allowed for little vegetative
growth before flowering [107]. There is little storage of nonstructural carbohydrates in Japanese and Korean clover
roots during the growing season. Total nonstructural carbohydrates ranged from 4 to 45 g/kg in one study [93] and
from about 10 to 40 g/kg in another study [36]. Storage levels did not change much with reproduction, cutting, or
regrowth [36,93].

Flowering and fruiting dates of Japanese and Korean clovers by state or region

|State/region Species |Reproductive dates

Carolinas Both July-September flowers; August-November
fruits [120]

IFlorida [Japanese clover |Summer-fall [164]

llinois Both |August-October [104]

Kansas Korean clover Aggust-September [11]; seeds set before
winter [1]

|West Virginia Both July-August [139]

Blue Ridge Province Both [July-September [163]

Great Plains (southeastern)  [[Both [July-October [52] |

REGENERATION PROCESSES:
Japanese and Korean clovers are annuals and persist through seed production and seedling establishment. Vegetative
reproduction does not occur.

e Pollination and breeding system

* Seed production

* Seed dispersal

* Seed banking

 Germination

* Seedling establishment and plant growth
e Vegetative regeneration

Pollination and breeding system: Japanese and Korean clover produce both cleistogamous flowers, which are
obligately self fertilized, and chasmogamous flowers, which are capable of cross pollination [52]. Weather can affect
the abundance of each flower type. High temperatures at the time of flowering can increase the abundance of
chasmogamous flowers, while low temperatures can increase the production of cleistogamous flowers (review by
[113]). Although some report that outcrossing in chasmogamous flowers is rare (review by [93]), others report
outcrossing rates of up to 70% [45]. Outcrossing rates may differ by species. Korean clover flowers are partially self
fertilized and partially cross fertilized (Hanson and Cope 1955 cited in [45]). Japanese clover flowers are primarily self
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fertilized (Johnson 1951 cited in [45]).

Hybridization between Japanese and Korean clover is unlikely. Experimental crosses between the clovers failed to
produce viable seed [54].

Seed production: Although several sources report that Japanese and Korean clovers produce abundant seed, rates
of seed production in wildlands were rarely reported in the literature. High levels of seed production by Korean clover
occurred on eroded and intact old-field soils near Ashland, Missouri. First-year seed production was "good”, and in the
next growing season, stands were dense on both soil types [56]. Wheeler [161] reported that "well developed” Korean
clover plants produce "hundreds of pods". Increased branching of Japanese clover was associated with increased seed
production.

High temperatures, drought conditions, cutting, and grazing can limit seed production by the clovers. In a greenhouse
study, nearly all clovers (Japanese clover and 4 Korean clover strains) produced significantly more seeds/plant when
exposed to cool night temperatures of 38 to 54 °F (3.5-12 °C) instead of high temperatures of 70 to 84 °F (21-29 °C)
[143]. Drought conditions during flowering or fruit ripening can "dramatically” reduce seed production by Japanese
and Korean clover ([8], review by [113]). In a crop production study at the Agronomy Research Center in Columbia,
Missouri, Japanese and Korean clover crops under optimal moisture conditions produced about 450 to 550 pounds of
seed/acre. When stands were harvested for hay after mid-June, seed yields decreased substantially. Stands harvested on
12 July produced less than 250 pounds of seed/acre, and stands harvested on 23 August produced less than 100 pounds
of seed/acre [14]. Japanese clover produces seed even under heavy grazing pressure [85]; Meehan [96] suggested that
the prostrate growth form protects seeds on low branches. However, when Japanese clover stands were cut for hay in
the summer and grazed in the fall, plants produced almost no seed [85].

Seed dispersal: Research indicates that clover seeds are dispersed in cattle and horse feces. The spread of clover
along trails and roads suggests seed dispersal by humans as well [42]. Soon after its introduction to North America,
researchers suspected that cattle and human movements were important to the spread of Japanese clover. In the mid
1800s, Mohr [105] reported rapid spread of Japanese clover in the Gulf Coast states. He observed Japanese clover
seedlings emerging from cattle dung and suspected that both cattle and army movements had aided its spread [105].
During the Civil War, another researcher reported Japanese clover spread along railroads and trails traveled by
cavalries [122]. In a more recent study, researchers found that Japanese clover emerged abundantly from horse dung
collected from trails within or leading to southern Illinois' Trail of Tears State Forest. In a field experiment, Japanese
clover emergence was much greater on plots where horse dung was added (39.2% relative density) than on plots
without horse dung added (9% relative density) [23].

Seed banking: A large proportion (40-60%) of Japanese or Korean clover seeds are hard just after maturity, but this
proportion decreases over time and is much lower (<10%) by late winter or early spring (reviews by [93,113]). The
length of time that this small remnant of dormant seeds remains viable in the soil is unknown. The available seed bank
studies suggest a short-lived seed bank, but experiments involving burial and recovery over time are rare. When
Korean clover seed collected from plants in Kentucky and/or Tennessee was sown in moist soil and monitored for
many years in a greenhouse with open windows and no temperature control, some seed germinated as late as year 2.
No seed germinated in the later years of the 8-year experiment [12]. A seed burial study conducted outdoors at the
USDA Seed Testing Laboratory in Indiana found 48% of lespedeza (Lespedeza spp.) seeds were viable after 20 years
of burial [30]. The study failed to identify seeds to the species level, and although Japanese and Korean clovers were
still classified in the genus Lespedeza at the time of this study, it is unclear whether they were among the seeds tested.

The following seed bank studies suggest a short-lived or transient seed bank for Japanese and Korean clover.
Generally the aboveground and seed bank abundance of the clovers decreased with time since disturbance. In the Duke
Forest area within the North Carolina Piedmont, Japanese clover germinated from soil samples collected in old fields
but not from samples collected in more successionally advanced shortleaf pine stands. Japanese clover emergence was
greatest from soil from 5-year-old fields when 1-, 2-, and 5-year-old field soil samples were compared [115]. Likely
the differences in seed bank abundance are a reflection of increases in aboveground Japanese clover abundance with
increasing field age, which were reported for 1- to 3-year old fields in another old-field study in the Piedmont [114].
When researchers compared seed rain and seed banks in a transition area between a native prairie and an old field in
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Jefferson County, Kansas, Korean clover germinated from soil collected from the old field but was not collected in
seed traps [127]. Researchers did not report whether Korean clover occurred in the aboveground vegetation in the old
field. The relative frequency of Korean clover seed in soil collected from a 12-year-old reclaimed surface coal mine
was 0.01. Korean clover was present in the aboveground vegetation [26].

Germination: The few studies on germination of Japanese and Korean clovers indicate that dry conditions and
submergence will delay or inhibit germination. One report indicated that scarification improves germination [140],
while another indicated that scarification is unnecessary [161]. In controlled experiments, 70% of Japanese clover seed
collected from plants in Japan germinated. Seeds stored outside for a year germinated faster than seeds stored outside
for only 4 months, but final germination percentages were not different [108].

Moisture: Too little moisture as well as submerged conditions can limit germination of the clovers. In a field study,
Japanese clover seeds on the gravelly Ohta River floodplain in Hiroshima Prefecture, Japan, germinated poorly, but
when ungerminated seeds were collected and monitored in the laboratory, 6 of 7 seeds germinated within 3 days. The
researcher suspected that germination was limited by low-maoisture conditions in the gravel [108]. Korean clover
emerged from wetland soil samples collected from a 12-year-old reclaimed surface coal mine when soil samples were
kept moist, but when soil samples were submerged (under 2 cm of water), no Korean clover emerged [26].

Hard seed: A large proportion of Japanese and Korean clover seeds are hard soon after maturity. Dormancy decreases
from fall to winter and early spring. Germination of mature Korean clover seed in the laboratory averaged 46.7% in
November, 83.3% in December, and 84.9% in March [98]. Seed size and hard seed abundance are related. A higher
percentage of small Korean clover seeds were hard. Of the small seeds, 48% to 72% were hard, whereas just 1% to
3% of large seeds were hard [99].

Seedling establishment and plant growth: Detailed studies on seedling establishment and population ecology
of Japanese and Korean clover are lacking, but years of cultivation records and crop production observations indicate
that few site or environmental conditions adversely affect establishment ([8], review by [93]). In a crop production
article, Japanese and Korean clovers were reported as the easiest of all major forage legumes to establish. The article
reported that the clovers germinated quickly and grew rapidly as seedlings. Clover seedlings succeeded when all other
species failed even in infertile soils or drought conditions. The clovers were recommended as “insurance™ in forage
seed mixtures [8]. However, when Korean clover was seeded in a mowed field near Lawrence, Kansas, fewer than 5%
of seedlings survived to maturity in some plots [100]. When establishment and growth are compared between crop
production studies and more natural field studies, it seems that the abundance and vigorous growth found in crop
production studies do not generally occur in old field or wildland settings.

Site or environmental conditions: Open sites are likely best for establishment of Japanese or Korean clover.
Seedlings can survive in infertile, eroded soils [8,56], are somewhat drought tolerant [8,108], and may grow well in
warm to high soil temperatures [92]. In western lowa, Japanese clover was spreading "rapidly in clearings and along
thoroughfares” [42]. On an old-field site near Ashland, Missouri, Korean clover established on eroded as well as intact
soils. Once mature, plants produced abundant seed, and dense stands established in the next growing season on both
soil types [56]. In a crop production article, Japanese and Korean clovers were reported to establish in infertile soils
even if drought conditions occurred soon after establishment [8]. However, conditions were likely too dry for
successful seedling establishment on a gravelly floodplain along the Ohta River floodplain in Hiroshima Prefecture,
Japan. On the gravel site, only about 5% of Japanese clover seeds developed into seedlings. The researcher suspected
dry conditions caused seedling mortality. When growth was monitored, seedling taproots averaged only 0.5 inch (1.4
cm) long at growth stage 0, before true leaves were formed. Seedling survival requires that moisture be available at
shallow depths soon after germination [108]. In experiments designed to test the effects of soil temperature on Korean
clover radicle growth, radicle extension was 20 mm to about 35 mm at temperatures from 72 to 99 °F (22-37 °C), less
than 10 mm at 54 to 63 °F (12-17 °C), and failed at 120 °F (47 °C) [92]. These findings, however, involved only 1
study and only initial development under controlled conditions; similar results may not occur in field conditions.

Seedling density: Field experiments found that plant size generally increased as the seeding density of Korean clover
increased, but plant survival decreased as seeding density increased. During studies in an old field in Missouri,
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seedling mortality was high in areas where seeding densities were highest and low in areas with low seeding densities.
Actual seeding densities were not reported. Seedling mortality was greatest in the early part of the growing season
[56]. In another study of an early-seral old field in northeastern Kansas, researchers found that Korean clover survival
was greatest but plant growth and seed production were lowest in pots seeded at low densities. Plant growth and seed
production were both high in pots seeded at moderate and high densities. Seedling survival, however, was very low in
high-density pots [1]. Statistical analyses were not done on the growth and survival parameters within this old-field
soil type.

Growth and survival of Korean clover plants based on the density of seeding in open-bottom pots
sunk in an old field in northeastern Kansas [1]

. . Proportion of planted seeds alive .
Seeding density on 5 September Average plant size on 5 September
Low
(0.215 seeds/cm?) 0.26 Smallest
Moderate
(1.72 seeds/cm?) 0.17 Largest
High 0.08 Nearly as large as those in moderate
(6.89 seeds/cm?) ' density pots

Vegetative regeneration: Neither Japanese nor Korean clover reproduce vegetatively. Vegetative regrowth is
common after cutting if the clovers are not cut too low to the ground or late in the growing season [14,113].

SITE CHARACTERISTICS:

The clovers are most common in old fields, pastures, open woodlands, and along roads and stream banks
pgk?D_istFrtEd sites typically include visitor-use areas, mowed lawns, rights-of-way, fire breaks, boat ramps, and/or
parking areas [59,61,62,69].

Japanese and Korean clovers tolerate a wide range of environmental conditions. During a phytosociological study of
weedy old fields in Scotland County in North Carolina's Upper Coastal Plain, Japanese clover "did not exhibit an exact
affinity to specific edaphic conditions™ [128]. Both clovers have been reported in cedar glade communities in the
southeastern United States. Cedar glades occur in open areas on calcareous soils and are characterized by high sunlight
levels, high summer soil temperatures, and extreme soil moisture levels that range from saturated or flooded to below
the permanent wilting point [13].

Climate: The US distribution of Japanese and Korean clovers is limited by climatic tolerances. The northern

boundary represents the area at which plants fail to reproduce before the first killing frost, and the western boundary
represents areas that receive too little moisture to support the clovers (review by [93]).

Soils: While growth of Japanese and Korean clovers may be best on fertile, well-drained soils [49,93,140Q], plants
survive in a variety of soil textures and in infertile, acidic, or limestone soil types. Both clovers have been reported on
dry soils in West Virginia [139], sands in eastern Texas [38] and Missouri [142], sandy loams on the Coastal Plain,
and clays in the Piedmont [58]. In the southeastern United States, the clovers grew best on fertile bottomlands, and
although described as fairly drought tolerant, plants were most productive in areas with "adequate™ moisture [58]. In 2-
to 3-year-old fields in South Carolina, production of Japanese clover was greatest (13.5 g/m?) in fields with poorly
drained soils (44% silt+clay in subsoil). Productivity was much lower (0.5-2.7 g/m?) on soils with moderate to
excellent drainage (9-20% silt+clay in subsoil) [112]. While soil may have been important to Japanese clover
abundance, past land use and proximity to a clover seed source were also likely important. Growth of the clovers can
also be good on eroded, acidic soils with low levels of phosphorus (review by [93]). A review reports that Korean
clover is less tolerant of acidic soils and more tolerant of alkaline soils than Japanese clover (review by [113]).

Two studies monitored the growth of Korean clover in old-field soils with differing textures and moisture and pH
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levels. Productivity varied on the different soil types studied but not consistently with soil moisture, fertility, or pH. In
the greenhouse, germination of Korean clover was nearly 100% on both eroded and intact field soils collected near
Ashland, Missouri. At the end of the growing season, however, the average biomass of Korean clover was greater on
eroded (108.2 g/m?) than intact (89.2 g/m?) soils. Eroded soils lacked an A horizon and had a clay content that was
nearly twice that of intact soils. Eroded soils had lower average growing-season moisture content (10.6%) than intact
soils (12.2%). Based on these findings and results from a weeding experiment, researchers concluded that Korean
clover was most "competitive” on poor, eroded soils [56]. In southeastern lowa, Korean clover growth was compared
on 3 eroded old-field sites: 2 upland and 1 lowland site (see table below for soil descriptions of these sites). Korean
clover established and grew well on all sites, but establishment and growth were best on lowland sites. Available soil
moisture during July, the driest growing-season month, was greatest for upland Weller soils. Soil moisture was
evaluated in the top 6 inches (15 cm) of soil, where Korean clover roots were confined [16].

Soil characteristics of upland and lowland sites in southeastern lowa that supported Korean clover
[16]

. . Average topsoil - .
Soil type (site) Surface texture depth (inches) Acidity Fertility
Bottomland . - . .
(lowland) fine sandy loam 6-8 moderately acidic fair-medium
ILindley (upland) || loam | 2-4 | moderately acidic || medium-low |
\Weller (upland) || silt loam | 4-6 | highly acidic || medium-low |

Flooding: The following studies indicate that both clovers tolerate some flooding but that Japanese clover may be
more tolerant than Korean clover. Large Japanese clover populations are common along floodplains in Japan. Along
the Ohta River floodplain in Hiroshima Prefecture, Japan, Japanese clover occurred in an area that flooded 3 to 7
times/year but rarely experienced flooding of more than 10 days. Japanese clover's distribution was more closely
correlated to soil texture than flooding regime or flooding period. Japanese clover occurred on fine-textured soils and
was rare or absent on coarse-textured soils. Japanese clover cover was positively correlated with the percent weight of
fine soil particles (r =0.78, P<0.001) [108]. Around Cave Run Lake in northeastern Kentucky, Korean clover occurred
on mud flats but not on frequently or infrequently flooded sites, and Japanese clover occurred on mud flats and
frequently flooded sites [87]. Growing-season flood frequency or duration during the study period was not reported.

SUCCESSIONAL STATUS:

Japanese and Korean clovers are typically early-seral species common to ruderal or disturbed sites. Abundance of
these clovers generally decreases as time since last disturbance increases; however, decreases in abundance and/or
persistence may occur much more quickly on sites where woody vegetation encroaches soon after disturbance.

Shade relationships: Both clovers grow best in full-sun conditions, but Japanese clover may tolerate shading better
than Korean clover. At the University of Missouri Horticulture and Agroforestry Research Center, the aboveground
weight of Korean clover was significantly reduced by 50% shading when compared to full-sun conditions and by 80%
shading when compared to 50% shading (P<0.05). For Japanese clover aboveground weights were not significantly
different between full sun and 50% shade, but weights at 80% shade were significantly reduced (P<0.05) [86]. On old
fields in Tennessee, cover of Japanese clover was consistently higher beyond the influence of sassafras (Sassafras
albidum) canopies. However, this finding may not entirely relate to shading, because follow-up experiments suggested
that sassafras may have an allelopathic affect on associated vegetation [47]. When Korean clover was seeded to
improve cattle and wildlife forage availability on a preserve in Taney County, Missouri, it established well in old fields

but not in woodlands [34].

Disturbance relationships: Japanese and Korean clovers are common on disturbed sites [59,62,135], and long-
term persistence is generally limited to sites with recurring disturbance. At the Fort Riley Military Reservation in
northeastern Kansas, high-use areas were associated with an increased abundance of Korean clover [43]. Both clovers
were common in mowed old fields and meadows at the Waterloo Wildlife Research Station in southeastern Ohio. Sites
were mowed at intervals ranging from less than 1 year to 5 years [131]. During studies at a ski resort in central Japan,
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Japanese clover occurred on ski slopes, the edges of ski slopes, and open water fronts, but not in forests. Frequency of
Japanese clover was greatest (60-79%) on ski slopes, which were mowed 3 to 4 times/year and had 41.3% canopy
closure. In the forests, canopy closure was 77.9% [81].

Larger disturbance patch sizes and/or recurring disturbance events are typical in areas where clovers are persistent. At
a prairie-forest ecotone in northeastern Kansas, Korean clover persisted with greater abundance on large than small
patches (P<0.05, in 1 of 3 sampling years), even though succession progressed faster on large than small patches [27].
On abandoned agricultural land near Norman, Oklahoma, Korean clover abundance decreased as time since
disturbance increased. The old field was seeded to Korean clover in 1941 and grazed until 1949, when a portion of the
old field was plowed. After 1949, the plowed and unplowed portions were left fallow. By 1954, Korean clover was no
longer found in the old field [118]. In southern Illinois, Japanese clover occurred on a shale barren site with little
woody vegetation that was burned every other year for 10 years. Japanese clover did not occur in unmanaged shale
barrens with only small forest canopy openings [159].

Grazing: Both clovers tolerate grazing, and persistence can be prolonged with grazing. Sources also report that
Japanese clover typically tolerates heavy grazing without large losses in seed production [85,140]. Removal of
livestock led to the loss of Korean clover from pastureland in McClain County, Oklahoma. Korean clover was seeded
in the pasture in 1941 and until 1949 there was long-term, moderate grazing pressure. In 1949, a portion of the pasture
was protected from grazing. In the first year of protection, Korean clover cover averaged 25.5%. In the 10th year of
protection, Korean clover was absent. In the grazed pasture, cover of Korean clover was about 3% in the 10th year
[117]. On the Konza tallgrass prairie in eastern Kansas, researchers compared 200-m2 plots in unburned, annually
burned, ungrazed, and grazed areas of the prairie. Korean clover did not occur on unburned, burned, or ungrazed plots
but had 15% frequency on grazed plots. Researchers noted that Korean clover made up a minor component of the
prairie vegetation [132], suggesting that abundance may have been affected as much by sampling site selection as by
management. However, dispersal of Japanese and Korean clover seeds by cattle and horses is common and may have
contributed to the persistence of Korean clover on grazed sites. For more information, see the discussion on Seed

dispersal.

Old-field succession: Old fields are common habitat for Japanese and Korean clover. Generally, the clovers

decrease in abundance as time since abandonment increases; however, old-field persistence is typically related to the
rate at which woody shrubs and trees establish and grow in the old fields.

While Japanese and Korean clovers are common soon after the abandonment of agriculture, abundance is typically low
in 1-year-old fields. Although there are trends in old-field succession, it is important to note that abundance of the
clovers could be affected by past land use (e.g., grazing or use of Japanese or Korean clover as a cover crop) or
proximity to a seed source (see Seed dispersal discussion) as much as by shading or other successional changes. In
Aiken, South Carolina, frequency and density of Japanese clover were greater on 12-year-old than 1-year-old fields.
Both fields were dominated by herbaceous species and had little to no recruitment of woody vegetation [50]. In the
Piedmont of North Carolina, Japanese clover frequency increased with time on recently abandoned fields (up to 3 years
old) but was absent from fields when loblolly pine had established (fields 11 years and older). Frequency averaged 8%
on 1-year-old fields, 12.9% on 2-year-old fields, and 20% on 3-year-old fields. Loblolly pine (Pinus taeda)
established early in old field succession. When old fields with loblolly pine stands aged 11 to 75 years old were
surveyed, Japanese clover occurred only in a 42-year-old stand, in which tree density resembled that of the 11-year-old
stand [114]. Findings were similar when old fields in the Duke Forest of North Carolina's Piedmont were studied.
Japanese clover was most common in a 5-year-old field, and although it also occurred in a 13-year-old shortleaf pine
stand, it did not occur in 21- to 110-year-old stands [15].

Available studies suggest that the clovers may be more persistent in the succession of old fields in the Midwest than
those in the Southeast or Atlantic Coastal areas, although more studies are necessary to determine the strength of this
trend. In upland Piedmont sites near Camp Hill, Alabama, Japanese clover decreased as old-field succession
progressed. Japanese clover cover averaged 14.5% in 3- to 5-year-old fields, 6.3% in 11- to 12-year-old fields, 1% in
15-year-old fields, and 0.5% in 17-to 18-year-old fields. Slash pine (P. elliottii) dominated 17- to 18-year-old fields
[134]. In middle Tennessee, both clovers were common in fields abandoned for 1 to 20 years but absent from a 25-
year-old field. The 15- to 20-year-old fields were very open, young woodlands, while the 25-year-old field was a
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woodland with few canopy openings [119]. In Cumberland County, Virginia, Korean clover was abundant in
agricultural fields abandoned 1 to 4 years earlier. Abundance decreased in 5- to 9-year-old fields as shrub and tree
abundance increased. Korean clover did not occur in fields abandoned for 10 years or more [22]. Reports from Illinois
show greater persistence of the clovers. In southern Illinois' Ferne Clyffe State Park, Korean clover occurs in both
lowland and old-field vegetation types. Lowlands were typically dominated by American elm (Ulmus americana),
sugar maple (Acer saccharum), and/or oak (Quercus spp.). Korean clover was especially common in old fields with
only occasional shrubs and tree seedlings. Korean clover cover was 75% or greater in a pasture abandoned and
undisturbed for 25 years [103]. In southwestern Illinois, Japanese clover was common on agricultural fields abandoned
42 years earlier. In the previous 32 years, the only disturbance in the field was occasional cutting of fence posts.
Japanese clover was common on plots with nearly 40% tree cover [6].

FIRE EFFECTS AND MANAGEMENT

SPECIES: Kummerowia stipulacea, K. striata

« FIRE EFFECTS
« FUELS AND FIRE REGIMES
« FIRE MANAGEMENT CONSIDERATIONS

FIRE EFFECTS:

Immediate fire effect on plant: As of this writing (2010), no studies have clearly documented the immediate fire
effects on Japanese or Korean clover. The clovers have often established or occurred on burned sites [4,158], and a
controlled study suggests that seeds can survive high temperatures [91]. However without more information, it is not
possible to establish whether fire stimulates seed germination or if seed germination and seedling establishment are
encouraged by the postfire environment.

Postfire regeneration strategy [136]:
Initial off-site colonizer (off site, initial community)
Secondary colonizer (on- or off-site seed sources)

Fire adaptations and plant response to fire: Specific fire adaptations for Japanese and Korean clover were not
presented in the available literature (2010), although a controlled study found that Japanese clover seed tolerated some
heating, and several studies reported postfire establishment of the clovers. About 80% of Japanese clover seed
germinated after 4 minutes in a 180 °F (80 °C) oven. After 4 minutes at 185 °F (85 °C), about 45% of seeds
germinated; at 190 °F (90 °C), about 15% of seeds germinated; and at 210 °F (100 °C), about 5% of seeds germinated.
The authors reported that the germination of untreated Lespedeza spp. seed was only 5%. This untreated sample likely
included Japanese clover seed [91]. In loblolly pine stands in South Carolina's Piedmont, Japanese clover did not occur
before prescribed fires but occurred on 3% of spring-burned and 4% of summer-burned plots after fire [31]. Prescribed
fires were of moderate severity and consumed 50% or less of surface fuels [33]. When the clovers were intentionally
seeded on burned sites, successful establishment and abundant growth were reported [5,32]. Japanese clover
established "well" after winter prescribed fires in rights-of-way in Alabama and Mississippi [5]. Korean clover was
abundant and produced 3.5 Ibs of seed/acre after being seeded in a logged, then burned beetle-infested pine stand. The
stand burned in an "intense" spring prescribed fire that consumed most of the slash piles [32].

Several studies reported Japanese and Korean clover on burned sites; however, no fire studies focused directly on the
effects of fire on the clovers or on their means of postfire establishment. Most fire studies lacked prefire or unburned
comparisons. In a report about prairie chicken habitat maintenance in Illinois, Westemeier [160] indicated that 3 years
without fire could lead to Korean clover's disappearance from grassland communities in which it was seeded. Winter
fires may increase clover abundance, while spring fires may decrease it. In one report, fire was considered necessary
for Korean clover persistence.
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In some cases, spring fires may reduce abundance of the clovers. Based on experience gained while burning quail
habitats in the southeastern United States, Stoddard [138] reported that spring fires "severely check™ Japanese clover
populations. Spring fires killed young Japanese clovers [137]. In south-central lowa pastures, however, the abundance
of Korean clover was not significantly (P<0.1) affected by spring (March or April) prescribed fire even when followed
by herbicide treatments [123]. In warm-season grasslands in Kentucky, Korean clover occurred on unburned as well as
burned and herbicide treated plots. The prescribed fire occurred on 23 March when winds were 5 to 10 mph (8-16
km/h), relative humidity was 27%, and air temperature averaged 55 °F (13° C). A post-emergent herbicide application
followed the fire [158].

In some cases, winter fires may increase abundance of the clovers. While winter fires may scarify seeds or provide
openings for establishment, without additional studies it is not possible to determine which fire effect is most important
to clover establishment. Korean clover abundance increased substantially and Japanese clover established following a
December prescribed fire in a southern Illinois prairie. The fire was described as "clean and hot" and consumed nearly
all litter. Researchers speculated that the fire created openings that allowed the establishment of annual species,
including the clovers [4].

Frequency and density of the clovers before fire and in the 1st growing season following a winter fire
in Illinois prairie [4]
| [Frequency (%) | Density (stems/ha) |
|Species |Plot |Prefire  [[Postfire  ||Prefire |Postfire |
IBurned 3.3 24.9 5,965 126,948 |
Korean clover
|Unburned 8.8 9.6 13,001 15,632 |
IBurned o 108 o 114,610 |
Japanese clover
|Unburned o o o 0 |

Japanese clover occurred in annually burned pasture areas within longleaf pine forests and savannas at the Mississippi
Agricultural Experiment Station. Fires burned each winter for 11 years [157]. However, Korean clover did not occur
on annually burned plots in upland flatwoods in Butler County, Missouri. Korean clover was also absent from
unburned plots, but its frequency was 6% on a plot burned once in 1949 and again in 1954. Frequency was assessed 1
year after the 2nd fire, and the researcher reported severe drought conditions from 1952 to 1956 [116]. Without prefire
data, it is impossible to determine whether annual fires eliminated the reproductive potential of established Korean
clover populations or only limited new population recruitment.

FUELS AND FIRE REGIMES:

Fuels: Based on 2 studies that evaluated the flammability of Japanese clover, it seems unlikely that Japanese clover
would limit fire spread during the dry season unless it was severely grazed. When Japanese clover was tested as a
firebreak in pond pine (Pinus serotina) vegetation in the North Carolina Piedmont, it was rated as moderately
flammable. It rated from a 5 to a 6.5 on a flammability scale, where 1 was nonflammable and 10 was highly
flammable. When grazed, Japanese clover was dry enough during the fire season to burn with a pressure torch [130].
In Texas, Lay [85] reported that when grazed short, Japanese clover functioned as a firebreak in the absence of
extreme fire weather conditions. Japanese clover stopped "normal” fires but only slowed "hazardous" fires burning in
high winds. For best firebreak functioning, plowed strips were needed around the grazed Japanese clover [85].

Fire regimes: As of 2010, there was no information available on the typical fire regimes in Japanese or Korean
clover habitats or on the effects of large Japanese or Korean clover populations on the fire frequency or fire severity in

US habitats. See the Eire Regime Table for further information on fire regimes of vegetation communities in which
Japanese and/or Korean clover may occur.

FIRE MANAGEMENT CONSIDERATIONS:
Potential for postfire establishment and spread: Several studies report that Japanese and Korean clovers
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have established on burned sites [4,31]. Whether fire stimulates germination from soil-stored seed or provides an
optimal seed bed for germination and establishment by seed from nearby sources is unclear. Nonetheless, burned sites
are likely establishment areas for the clovers.

Preventing postfire establishment and spread: Preventing Japanese and Korean clover from establishing in
weed-free burned areas is the most effective and least costly management method. This may be accomplished through
early detection and eradication, careful monitoring and follow-up, and limiting dispersal of the clover seeds into
burned areas. General recommendations for preventing postfire establishment and spread of invasive plants include:

« Incorporate cost of weed prevention and management into fire rehabilitation plans

« Acquire restoration funding

« Include weed prevention education in fire training

« Minimize soil disturbance and vegetation removal during fire suppression and rehabilitation activities

« Minimize the use of retardants that may alter soil nutrient availability, such as those containing nitrogen and
phosphorus

« Avoid areas dominated by high priority invasive plants when locating firelines, monitoring camps, staging areas,
and helibases

« Clean equipment and vehicles prior to entering burned areas

« Regulate or prevent human and livestock entry into burned areas until desirable site vegetation has recovered
sufficiently to resist invasion by undesirable vegetation

« Monitor burned areas and areas of significant disturbance or traffic from management activity

« Detect weeds early and eradicate before vegetative spread and/or seed dispersal

« Eradicate small patches and contain or control large infestations within or adjacent to the burned area

 Reestablish vegetation on bare ground as soon as possible

« Avoid use of fertilizers in postfire rehabilitation and restoration

« Use only certified weed-free seed mixes when revegetation is necessary

For more detailed information on these topics see the following publications: [7,17,51,151].

Use of prescribed fire as a control agent: In the available literature (2010), use of fire to control Japanese and
Korean clover was not discussed. Fires that burn the clovers at a young growth stage may decrease their abundance
[137,138], but dormant-season fires are unlikely to do so [4]. Fire may also be useful in depleting the seed bank
[4,31], although additional studies are needed to determine the effectiveness and appropriate timing and frequency for
this type of treatment.

Altered fuel characteristics: As of 2010, effects of large Japanese or Korean clover populations on fuel characteristics
in invaded US habitats were not described.

MANAGEMENT CONSIDERATIONS

SPECIES: Kummerowia stipulacea, K. striata

- FEDERAL LEGAL STATUS

OTHER STATUS

« IMPORTANCE TO WILDLIFE AND LIVESTOCK
« OTHER USES

« IMPACTS AND CONTROL

FEDERAL LEGAL STATUS:
None
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OTHER STATUS:
Information on state-level noxious weed status of plants in the United States is available at Plants Database.

IMPORTANCE TO WILDLIFE AND LIVESTOCK:

Japanese and Korean clovers are utilized by both wildlife and livestock. The clovers provide palatable, high-quality
forage for livestock and deer. Foliage and seeds are often seasonally important in the diets of a variety of small
mammals and birds [140]. A review reports that the clovers are among the most important winter quail foods in the
South, consumed extensively by doves in the spring when other foods are scarce, preferred by wild turkeys in Missouri,
and important summer deer food in Ohio. They are also eaten by cotton rats, rabbits, mallards, starlings, juncos,
cardinals, towhees, and English sparrows, although they are rarely a predominant diet component [37].

Deer and elk: Studies from Indiana, Missouri, and Louisiana indicate that both clovers can be important in the
summer diets of white-tailed deer. In southern Indiana, Korean clover was frequent (52%) in, although it did not
comprise a high volume (2%) of white-tailed deer summer diets [133]. In the Missouri Ozarks, white-tailed deer
consumed little Korean clover in the spring, but the volume of Korean clover in diets in July was 7.9%, in August
12.6%, and in September 5.9%. A significantly greater quantity of Korean clover was consumed by male than female
deer (P<0.05) [80Q]. Findings were similar in an earlier study of white-tailed deer diets throughout Missouri. Korean
clover made up 15% of white-tailed deer summer diets. When preferred foods were unavailable, the entire plant was
eaten [78]. In the openings in loblolly pine-shortleaf pine-hardwood forests in central Louisiana, Japanese clover was
important in summer and fall white-tailed deer diets [145]. Japanese clover contributed a maximum of 2.4% to the
relative density of plant fragments in summer-collected fecal samples from elk reintroduced to southeastern Kentucky
[126].

Cattle: Japanese and Korean clover may cause hemorrhaging in cattle (similar to that caused by sweetclovers) when

hay is moldy [38,140], but some studies report high levels of clover use by cattle. Henson and Cope [58] report that
livestock "readily" eat dried Korean clover leaves and seeds. In openings within loblolly pine-shortleaf pine-hardwood
forests in central Louisiana, Japanese clover made up 9.4% of summer cattle diets [145].

Small mammals: Rabbits, mice, and rats feed on Japanese and Korean clover. In the Fountain Grove Wildlife Area
in north-central Missouri, Korean clover was heavily utilized by cottontail rabbits from June to November. Summer
and fall diets averaged 11.5% and 7.8% Korean clover, respectively [79]. Lespedeza and Kummerowia seeds or seed
shells were found at oldfield mouse nests during 5 years of observations made in South Carolina, Georgia, and Florida
[48]. Feeding trials showed that Japanese clover's highest preference ranking was 11th in more than 50 species
presented to rodents in southern Florida. The hispid cotton rat was the most common rodent in the study area [97].

Birds: Many song and game birds feed on Japanese and Korean clover seeds or utilize the clovers as habitat or in nest
construction. Of the birds that utilize the clovers, northern bobwhites have been studied most extensively.

Eastern meadowlark: Japanese and/or Korean clovers were used as eastern meadowlark nest material and nesting
habitat near Carbondale, Illinois. Researchers found that the clovers were used in the construction of 11.3% of nests,
and nests were found in Korean clover patches in lightly grazed pastures [124].

Greater prairie-chicken: Korean clover was predominant in greater prairie-chicken diets in Missouri and Oklahoma.

Between the late 1950s and the early 1960s, about 5,000 greater prairie-chicken droppings were collected from western
Missouri. Korean clover was the 4th most abundant food by volume (10.4%). Korean clover was used most heavily in
July, August, and September. Foliage was the most commonly consumed part; seeds were rarely eaten [77]. Korean
clover was a maximum of 16.2% of the volume of greater prairie-chicken diets from October to March, 28.3% from
April to June, and 68% from July to September in cultivated pastures in Beaver County, Oklahoma [68].

Rufted grouse: Korean clover was important in August and September, as indicated by droppings collected from
central and southern Missouri. Only foliage was consumed [75].
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Mourning dove: Japanese and Korean clovers were regarded as "fair" mourning dove foods during feeding trial
observations made in the wild in Georgia and Mississippi. "Fair" foods were seldom or never eaten if a "choice" food
was available. "Choice" foods were eaten "eagerly" every time they were presented [35].

Quail: Japanese and Korean clovers are among the most important foods for northern bobwhites from Missouri to
Florida. Korean clover ranked among the 5 most important items consumed by northern bobwhites in Missouri's
lowland, prairie, and Ozark regions. Japanese clover was much less common in northern bobwhite diets, but this
finding may reflect availability rather than preference. Based on information collected by the University of Missouri's
Extension Service, the number of acres in Korean clover production had increased by 33% around the time of this
study [76]. In northern bobwhite crop contents collected from hunters in Virginia, the relative volume of Japanese
clover seeds was 1.2% in November, 8.3% in December, and 19.7% in January [9]. Northern bobwhite stomachs
collected during the fall and winter in Kentucky contained 16.6% Japanese clover by volume in Calloway County, and
32.6% and 27.5% Korean clover from Warren and Pulaski counties, respectively [10]. In the Georgia Piedmont,
Japanese clover seed was a major northern bobwhite food in January (32.1%). Less was consumed in February, but that
may have reflected food source depletion rather than seasonal preference [95]. Although the previously described
studies suggest that Japanese and Korean clover are preferred northern bobwhite foods, feeding trials of northern
bobwhites live-trapped from southern Florida showed that Japanese clover seed was not highly preferred. It ranked
25th among 53 seed species presented [97]. In another study, caged northern bobwhites fed only Korean clover lost
weight. Birds survived an average of 31 days when fed only Korean clover. Males survived better than females [110].
When scaled quail adults trapped from southwestern Kansas were fed only Korean clover seeds, birds acquired less
than 60% of their daily energy requirements. In at least one case, more than 10% of a bird's body weight was lost
within 2 days. Researchers suggested that Korean clover seeds may be more valuable when paired with seeds of
another species, a phenomenon shown for some seed species in the study but not Korean clover [125].

In southern Illinois, Japanese and Korean clover were common at northern bobwhite nest sites. The clovers were
recorded at 47.2% of nest sites but were used as nest material in only 4% of nests [74].

Palatability and/or nutritional value: The clovers are considered high quality summer livestock forage. High
summer production levels are important because little other forage is available at that time (review by [93]). In pine
savannas in Louisiana, Japanese clover is considered "very good" forage with nutritive values sufficient for producing
good weight gains by all classes of healthy cattle [24]. A review reports that cattle can gain up to 1 kg/head/day on
clover pasture in the summer [113].

When seeds were collected from hedgerows and fence lines where tree sparrows were feeding near Champaign,
Illinois, researchers found that Korean clover seed averaged 4,965 calories/gram [72]. Foliage and seeds of the clovers
had protein levels of 12.9% to 41%, fiber levels of 9% to 26.2%, carbohydrate levels of 27.7% to 44%, and fat levels
of 3.1% to 6.7%. For more details, see the following references: [28,43,79,110].

OTHER USES:

Japanese and Korean clover were planted extensively throughout the eastern half of the United States for revegetating
erodible sites, reclaiming mine areas, and producing wildlife and livestock forage. These uses and their effects on the
establishment and spread of the clovers are discussed in the Distribution and Occurrence section.

IMPACTS AND CONTROL:

Impacts: Few sources reported that Japanese and Korean clovers have negative impacts on natural vegetation.
Although some aggressive growth by the clovers has been reported in prairies [101], other herbaceous communities
[105], and reclaimed mine sites [19], the clovers are not usually weed management priorities. Their persistence and
spread typically require recurring disturbance [73,101,144].

In some herbaceous vegetation types, the clovers have impacted associated vegetation. Soon after its introduction to
the Gulf Coast states, one researcher noted prolific spread and growth of Japanese clover. Populations covered
"immense" areas east of the Mississippi and were "crowding out almost completely the herbaceous indigenous plants".
The researcher noted that Japanese clover established in "thickly matted stolons” of the nonnative Bermuda grass
(Cynodon dactylon) [105]. In Kentucky, Illinois, and Indiana, the clovers were often used to seed surface-mine sites.
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Use of the clovers in mine reclamation "contributed to the creation of stable yet very floristically simple nonnative
communities™ [19]. In New York, Japanese clover occurred in seasonally mowed herbaceous vegetation bordering a
pitch pine (Pinus rigida)-oak forest. Near Japanese clover populations were 5 forbs considered threatened or
endangered in New York: lesser snakeroot (Ageratina aromatica var. aromatic), white colicroot (Aletris farinosa),
New England blazing star (Liatris scariosa var. novae-angliae), sandplain flax (Linum intercursum), and narrowleaf
whitetop aster (Sericocarpus linifolius) [82,152]. Potential or current impacts of Japanese clover on these species were
not discussed in the study.

In crop-production reports, Japanese and Korean clovers are not considered especially aggressive, and established
stands are easily invaded by other vegetation. Reports indicate that weeds encroach rapidly in pure stands of Japanese
and Korean clover, and due to their short growing season, the clovers do not "compete well™ with other "weedy" plants
[8,113]. Growth of the clovers does not appear to be inhibited by nonsod-forming grasses, but the clovers can be
eliminated by the second growing season when grown with sod-forming grasses such as Bermuda grass or carpetgrass
(Axonopus spp.) [58].

Allelopathy: Laboratory experiments showed that root exudates from Japanese clover inhibited the growth of lettuce
radicles [29]. How these findings may apply to other vegetation and field conditions is unknown.

Climate change: Controlled experiments suggest that Korean clover productivity could increase with increasing
carbon dioxide levels associated with global climate change. Total Korean clover biomass was significantly (P<0.05)
greater in elevated than in ambient carbon dioxide conditions. Korean clover test plants were grown in low-phosphorus
soil collected from a citrus orchard in China [141].

Control: Few studies reported on the best methods to control Japanese or Korean clover populations. General weed
control theory suggests that control of biotic invasions is most effective when it employs a long-term, ecosystem-wide
strategy rather than a tactical approach focused on battling individual invaders [89]. In all cases where the clovers are
targeted for control, the potential for other invasive species to fill their void must be considered [18].

Fire: For information on the use of prescribed fire to control this species, see Fire Management Considerations.

Prevention: Initial steps to prevent the establishment and growth of the clovers in uninfested areas should include
limiting or prohibiting their seeding in nearby areas.

It is commonly argued that the most cost-efficient and effective method of managing invasive species is to prevent
their establishment and spread by maintaining "healthy" natural communities [89,129] (e.g., avoid road building in
wildlands [150]) and by monitoring several times each year [67]. Managing to maintain the integrity of the native
plant community and mitigate the factors enhancing ecosystem invasibility is likely to be more effective than managing
solely to control the invader [63].

Weed prevention and control can be incorporated into many types of management plans, including those for logging
and site preparation, grazing allotments, recreation management, research projects, road building and maintenance, and
fire management [151]. See the Guide to noxious weed prevention practices [151] for specific guidelines in preventing
the spread of weed seeds and propagules under different management conditions.

Cultural control: No information is available on this topic.

Physical or mechanical control: Cutting or mowing the clovers after the flowering stage may provide some

control. In a crop production article, the authors reported that the clovers were still capable of setting seed after being
cut at about the time of 1st bloom [58]. In a review of cultivation materials, cutting clovers after flowering, cutting
plants close to the ground, and cutting plants during drought conditions could lead to decreased abundance of the
clover stands [113].

Cultivation is not likely tolerated by the clovers. When annual plowing was compared at various times of the year in
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Tallahassee, Florida, Japanese clover did not occur in plots plowed in December, February, April, June, or August,
although plants did occur on plots plowed annually in October [71].

Biological control: Insect pests and diseases known to attack the clovers in the United States are identified and
discussed in the following references: [8,58,93].

Biological control of invasive species has a long history that indicates many factors must be considered before using
biological controls. Refer to these sources: [153,162] and the Weed control methods handbook [149] for background
information and important considerations for developing and implementing biological control programs.

Chemical control: Very few studies (as of 2010) described in detail the effects of herbicides on clover populations.

In Georgia, several herbicides and application timings were tested. In one trial, a single growing-season herbicide
application provided good control (up to 99%) of Japanese clover within 2 years of its application in centipede grass
(Eremochloa ophiuroides). Herbicides tested in March, before emergence of Japanese clover, provided little to no
control [66].

While herbicides can be effective in gaining initial control of a new invasion or a severe infestation, rarely are they a
complete or long-term solution to weed management [21]. See the Weed control methods handbook [149] for
considerations on the use of herbicides in natural areas and detailed information on specific chemicals.

Integrated management: No information is available on this topic.

APPENDIX: FIRE REGIME TABLE

SPECIES: Kummerowia stipulacea, K. striata

The following table provides fire regime information that may be relevant to Japanese or Korean clover habitats.
Follow the links in the table to documents that provide more detailed information on these fire regimes.

Fire regime information on vegetation communities in which Japanese or Korean clover may occur.
This information is taken from the LANDFIRE Rapid Assessment Vegetation Models [84], which
were developed by local experts using available literature, local data, and/or expert opinion. This
table summarizes fire regime characteristics for each plant community listed. The PDF file linked
from each plant community name describes the model and synthesizes the knowledge available on
vegetation composition, structure, and dynamics in that community. Cells are blank where
information is not available in the Rapid Assessment Vegetation Model.

Northern Great Plains Great | akes Northeast
South-central US Southern Appalachians Southeast

Northern Great Plains

« Northern Plains Grassland
« Northern Plains Woodland

| Fire regime characteristics |

Vegetation Community (Potential Natural Fire Mean [IMinimum IMaximum
Vegetation Group) severity* || Percent ||. : .
€ge P y of fires interval || interval interval
(years) || (years) (years)
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Northern Plains Grassland

Southern mixed-grass prairie Replacement|[100% ||9 1 10
IReplacement|[75% |5 E 5
Central tallgrass prairie |Mixed ”11% ”34 “1 HlOO
I%‘f,f,face o iz 28 |1 50
IReplacement|[96%  ||4 1 (10
Southern tallgrass prairie (East) |Mixed “1% “277 “ “
ﬁ)l&face or |34 135
IReplacement|[7% |44 [ |
Oak savanna Mixed 17% |18 | [
ISé)liLface or 260 4

Northern Plains Woodland

Replacement][2% 450 | [

Oak woodland
ISurface or  llggos 75
ow

Great Plains floodplain Replacement|{100% ({500

Great Lakes

« Great | akes Grassland
» Great | akes Woodland
« Great | akes Forested

| Fire regime characteristics

Vegetation Community (Potential Natural Fire Mean [IMinimum IMaximum
Vegetation Group) severity* || Percent ||. . .
ege P y of fires interval || interval interval
(years) || (years) (years)

Great Lakes Grassland

IReplacement|[79% |5 1 8
Mosaic of bluestem prairie and oak- Mixed 2% 260 | |
hickor
BEane ﬁ)‘wace o booe |2 33
Great Lakes Woodland

Replacement/8%  [[41 |10 80
Great Lakes pine barrens |MiXEd ”9% ”36 ”10 “80

|Surface or || || || H
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low 83% 4 1 20
Jack pine-open lands (frequent fire-return |Rep|acement||83% ”26 ”10 HlOO |
interval) Mixed 17% |[125 |10
Replacement/[4%  [[110 |50 500 |
Northern oak savanna |Mixed ”9% ”50 ”15 H150 |
ﬁ)‘f;face or lgree |5 1 20
Great Lakes Forested
Mixed 7% 833 | |
Great Lakes floodplain forest
reat Lakes floodplain fores ﬁ)%face or [0 61
Great L akes spruce-fir Replacement|{100% (|85 50 200
Replacement||67% 50
[Rep | | [ [ |
Great Lakes pine forest, jack pine |MiXEd ”23% ”143 ” “ |
ﬁ)wace o 100 333
IReplacement|13% |66 1 [ |
Oak-hickor Mixed 1% |77 |5 [ |
ﬁ)‘&fa‘:e o 76w |11 2 25
Replacement||38% 56
[Rep | | [ [ |
Red pine-eastern white pine (frequent fire) |MiXEd ”36% ”60 ” “ |
IS;)LiLface or 26% 84
Northeast
« Northeast Woodland
« Northeast Forested
| Fire regime characteristics |
Vegetation Community (Potential Natural Fire Mean [[Minimum [ Maximum
Vegetation Group) severity™ P?rfqent interval || interval interval
OT TITes (years) || (years) (years)
Northeast Woodland
IReplacement|[2%  [[200  |[100 (300 |
Eastern woodland mosaic |Mixed “9% “40 “20 “60 |
ﬁ)‘jlzface or ooy |la 1 7
128 | |

IReplacement|[16%
[ 11
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Rocky outcrop pine (Northeast) |Mixed ”32% ”65 ” H
ﬁ)l&face or 5206 40
Replacement|10% |78 | |
Pine barrens |M|xed ”25% ”32 ” “
ISol&face or 65% 12
Replacement/[4%  [[185 | [
Oak-pine (eastern dry-xeric) Mixed 7% 110 | |
ﬁ)l:,;face or 90% 8
Northeast Forested
[Replacement|[2%  ][625  [[500 >1,000
Appalachian oak forest (dry-mesic) |Mixed ”6% ”250 ”200 H500
ﬁ)‘f{lface o ooy 15 |7 26
South-central US
« South-central US Grassland
« South-central US Woodland
« South-central US Forested
| Fire regime characteristics
Vegetation Community (Potential Natural Fire Mean ||Minimum ||Maximum
Vegetation Group) severity* P?rfq(rant interval || interval || interval
ortires (years) || (years) (years)
South-central US Grassland
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Oak-hICkOI’y Savanna ISurface or 99% 32
ow
Replacement|16% |25 |10 100
Interior Highlands dry oak/bluestem Mixed 4% 100 |10 [
woodland and glade
woodland and glade ﬁ)wace or S0% : , :
IReplacement|[3% 150  |[100 300
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South-central US Forested
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Southern Appalachians
« Southern Appalachians Grassland
« Southern Appalachians Woodland
 Southern Appalachians Forested
| Fire regime characteristics
Vegetation Community (Potential Natural Fire | || Mean || Minimum H Maximum
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5PIBS.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5FOWOdm.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5FOWOdm.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5GCPF.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5GCPP.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5GCPP.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5GCPU.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5GCPU.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5SOFPif.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5SOFPrf.pdf
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Vegetation Group) severity™* Z?rf(;?g interval || interval | interval
(years) || (years) (years)
Southern Appalachians Grassland
IReplacement|[46%  |[15 [ [
Bluestem-oak barrens |Mixed ”10% ”69 ” H
ﬁ)l&face or 440 16
IReplacement|50% (10 [ |
Eastern prairie-woodland mosaic |MiXEd ”1% ”900 ” “
ISOL:Lface or 5004 10
Southern Appalachians Woodland
IReplacement|[4% 125 | |
Appalachian shortleaf pine |MiXEd ”4% ”155 ” “
IS;)LiLface or 9004 6
Southern Appalachians Forested
[Replacement|[25%  ][435  [[200 >1,000
Bottomland hardwood forest |Mixed ”24% ”455 “150 H500
Iso‘f:,face o ls16 210 |50 250
IReplacement|[3% 180 |30 500
Appalachian oak-hickory-pine |Mixed “8% “65 “15 ”150
ﬁ)‘flzface o leow |l 3 10
Replacement|6%  [[128 |50 100
Oak (eastern dry-xeric) |Mixed ”16% ”50 ”20 H30
I%‘f,f,face o |78% o |1 10
IReplacement|[6% 220 | [
Appalachian oak forest (dry-mesic) |Mixed “15% “90 “ “
ﬁ)l&face or o904 17

Southeast

« Southeast Grassland
« Southeast Shrubland
« Southeast Woodland
« Southeast Forested

Fire regime characteristics
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8PRWMe.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8PIECap.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8FPFOpi.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8OHPI.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8OAKxe.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8OACOm.pdf
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Vegetat!on Community (Potential Natural Fir_e P . Mean |[Minimum [[Maximum
Vegetation Group) severity™ ?rfqen interval || interval || interval
OT TITes (years) || (years) (years)
Southeast Grassland
Southeast Gulf Coastal Plain Blackland |Rep|acement||22% ”7 ” “
prairie and woodland Mixed 78% 292
Replacement/2%  [[165 |10 500
Gulf Coast wet pine savanna |Mixed ”1% ”500 ” “
Surface orlggos |3 1 10
Southeast Shrubland
_ Replacement|[1%  [>1,000 |[30 >1,000
Pocosin Mixed 99% 12 3 20
Southeast Woodland
IReplacement|[3% 130 | [
Longleaf pine/bluestem
Longleaf pine/bluestem ﬁ;,(,face or gm0 A . c
Replacement|[3% 110 40 200
o . | I I I |
. .
onglear pine (mesic uplan S) ﬁ)l&face or 97% 3 1 5
Replacement|[3% 130 25 500
T | | | | |
Longiear pine-sandnilis prairie
ongleaf pine-Sandhills prairie Ig(,)%face or o706 A . 10
Replacement|64% |7 5 500
Pond bine Mixed 5% |18 |8 (150
ﬁ)‘&fa‘:e o l10% |la3 |2 50
Replacement|6% |50 |50 90
South Florida slash pine flatwoods ISOL:Lface or 9400 3 . 6
Southeast Forested
IReplacement|[4% 200 | |
Coastal Plain pine-oak-hickory |MiXEd ”7% ”100 ” “
IS;)LiLface or  llagos 8
IReplacement|[3% |65 5 150
Mesic-dry flatwoods Ig:)%face or 979, ) . o
IReplacement|[7% 900 | |
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9WPSAgu.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9PCSN.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLBS.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLMU.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLSH.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9POPI.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9SFSP.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9OHPI.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9MEFL.pdf
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Southern floodplain Surface or

93% 63
low

*Fire Severities—

Replacement: Any fire that causes greater than 75% top removal of a vegetation-fuel type, resulting in general
replacement of existing vegetation; may or may not cause a lethal effect on the plants.

Mixed: Any fire burning more than 5% of an area that does not qualify as a replacement, surface, or low-severity fire;
includes mosaic and other fires that are intermediate in effects.

Surface or low: Any fire that causes less than 25% upper layer replacement and/or removal in a vegetation-fuel class but
burns 5% or more of the area [53,83].
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