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Abstract 

The introduction of perennial legumes into warm-season grass 
pastures has been shown to improve both forage quality and 
animal performance. Illinois bundleflower (Desmonlhus idlinoen- 
sis (Michs.) MacM.) appears to have potential for pasture and 
range interseeding. This study investigated establishment methods 
and the competitive ability and longevity of this species when 
interseeded into kleingrass (Pa&urn coloratum L.) swards. Sabine 
Illinois bundleflower was drilled or broadcast into a mature kleht- 
grass pasture either intact or suppressed by dllking, paraquat 
(I-dimethyl-4-4 dipyridinium dichloride), or mefhddide (N-[2,4 
dimethyl- (trlfuromethyl) sulfonyl)-amino)phenyl)lacetamide). 
Seed was sown in broadcast plots at 6.8 kg PLS/ha compared to 
3.4 kg PLS/ha in drilled plots. 

Establishment data were only collected for 1 year. The estab- 
llshment year had a wetter than normal spring. Treatment effects 
on legume establishment could differ substantially from those 
found in this study in drier years. Both paraquat and disking 
treatments resulted in good establishment of the legume (greater 
than 10 seedlings m-2 in the establishment year). With the excep- 
tion of disked plots, broadcasting at twice the rate of drilled plots 
resulted in similar seedling legume densities between the 2 seeding 
methods. Illinois bundleflower proved to be quite competitive 
under the conditions of this study. The legume component 
increased from 14% in the establishment year to 52% by the third 
year after establishment. Individual Illinois bundleflower plants 
survived for the 4 years of the study. Interseeding increased total 
plot yield in the second, thud, and fourth years after establishment. 
Interseeded plots produced more biomass than nonlnterseeded 
plots 1,2, and 3 years after interseeding. 
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The inclusion of legumes in warm-season pastures has been 
shown to improve the nutritive value of the animal diet and thus 
animal performance (Whiteman 1980). Interseeding legumes into 
warm-season grass pastures may also increase total forage produc- 
tion (Cook and Dolby 1981). Extensive introduction and evalua- 
tion programs in Texas have identified several legume species, 
including Illinois bundleflower, which appear to have potential for 
pasture and range seeding (Holt et al. 1980, Holt and Allison 1981). 

Illinois bundleflower (Desmanthus illinoenris (Michs.) MacM.), 
is the most widely distributed Desmanthus species in the United 
States. It is a perennial prairie forb ranging from South Dakota 
and Minnesota to Florida and from Colorado to the Carolinas 
(Latting 1961, Wasser 1982). Sabine Illinois bundleflower was 
recently released by the USDA Soil Conservation Service in coop- 
eration with the Texas Parks and Wildlife Department and the 
Texas Agricultural Experiment Station (Anonymous 1984). It is 
recommended as a useful range and pasture legume, for wildlife 
food, and for reclaiming surface mined areas. Sabine is adapted to 
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areas from southern Texas to northern Oklahoma receiving over 
38 cm annual precipitation; however, it has also grown well on 
selected sites in Mississippi. 

Although Illinois bundleflower is reported to be long lived (Lat- 
ting 1961), recent observations indicate that on some sites the 
species may be relatively short lived (Holt 1984). The species is 
reported to be adequately competitive (Wasser 1982). However, 
the competitive ability of seedlings and their ability to perennate in 
an established grass sward has not been documented. 

The effect of sowing method on Illinois bundleflower establish- 
ment has not been documented. However, temperate forage 
legumes have established by surface sowing where soil moisture for 
seed germination and seedling growth were adequate (Cullen 1966, 
McWilliam and Dowling 1970, Campbell and Swain 1973). Sirato 
(Macroptilium atropurpureum D.C.) and several Stylosanthus 
species have also established well when broadcast into a warm- 
season grass pasture (Cook and Dolby 1981, Mott et al. 1976). 
Drilling provides better seed-to-soil contact and places the seed 
deeper in the soil than broadcast seeding (Welch and Haferkamp 
1980). However, many range and pasture conditions are not amen- 
able to drill seeding. 

Reduction of competition from established grass plants is often 
critical for good seedling establishment and growth of interseeded 
forage legumes (Cullen 1966, Groya and Sheaffer 1981, Taylor et 
al. 1969). Herbicides such as paraquat (Idimethyl-4-4 dipyridi- 
nium dichloride) and glyphosate (N-(phosphonomethyl) glycine) 
have been used to suppress grass growth and improve establish- 
ment of interseeded legumes (Kunelius et al. 1982, Olsen et al. 
1981). Reduction of top growth of tall fescue by mufluidide (N-[2,4 
dimethyl- (trifuromethyl)sulfonyl)-amino)phenyl)]acetamide) has 
been reported by Watschke (1979) and Elkins and Suttner (1974). 
It has been used as a grass suppressant while interseeding forage 
legumes into a tall fescue sward (Olsen et al. 1981). 

Kleingrass (Punicum color&urn L.) is an erect warm-season 
perennial bunchgrass that has proven to be compatible with warm- 
season legumes (Siewerdt and Holt 1974). It is currently used in 
improved pastures and rangeland mixtures throughout South- 
Central Texas. This species, while not a native to the U.S., has 
growth characteristics similar to those of many range grasses and 
would be an acceptable companion plant to test the competitive- 
ness of Illinois bundleflower seedlings in a warm-season grass 
sward. 

The objectives of this study were to evaluate the effectiveness of 
several grass suppression treatments and 2 sowing methods on the 
establishment of Illinois bundleflower in a kleingrass sward and to 
quantify its competitiveness and longevity in a grass-legume 
mixture. 

Materials and Methods 

Sabine Illinois bundleflower was interseeded into a mature 
kleingrass pasture located 2 km west of College Station, Texas. 
The soil at the site had a pH of 6.5 and was characterized as 
Westwood silt loam (Fluventic Ustochrept). Fertilizer had not 
been applied to the pasture for several years. Total soil N was low, 

153 



while levels of extractable P and exchangeable K were high (105 
and 594 mg kg-‘, respectively). The average annual precipitation of 

the region from 1951 to 1980 shows that on average pan evapora- 

the area is 88 cm, with peak rainfall occurring in May and 
tion exceeds rainfall by 1.3 inches during that same period. Results 

September. 
from a similar study in a dry or average year could be quite 
different than those found in this study. 

The experiment was arranged in a randomized complete block 
design with 3 replications. Two seeding methods (drilled or broad- 
cast) and 4 grass suppression treatments (control, disking, para- 
quat, and mefluidide) were employed for a total of 8 grass 
suppression-sowing method combinations. Noninterseeded plots 
were included in each replication to evaluate the influence of 
legume interseeding on grass yield and total plot yield. 

Two weeks prior to interseeding, the kleingrass was cut to a 
height of 5 cm and the forage removed from the plots. Chemical 
grass suppression treatments were applied 1 week after clipping 
and included paraquat at 1 kg active ingredient (a.i.) ha- and 
mefluidide at 1.44 kg (a.i) ha-‘. Plots that received the mechanical 
grass suppression treatment were lightly disked on the day prior to 
planting. 

Both seeding method and grass suppression treatment affected 
PE. Drilling resulted in higher PE than the broadcast treatment. 
Disking was the most effective grass suppression treatment result- 
ing in 42% emergence. Paraquat application also resulted in seed- 
ling emergence values that were significantly higher than the con- 
trol by 30 and 16%, respectively). Mefluidide, with only 5% emergence, 
was the only grass suppression treatment that had a lower PE than 
the control. 

Illinois bundleflower seeds were inoculated and planted on 16 
May 1983, into 2.5 X 6-m plots. Seeds were planted to a depth of 2 
cm at a rate of 3.4 kg pure live seed (PLS) ha-’ using a pasture drill 
as recommended by Wasser (1982). Seeds were broadcast at 6.8 kg 
PLS ha-’ and plots were raked lightly following planting to simu- 
late a light harrowing or chaining (Welch and Haferkamp 1981). 

There was a significant seeding method by grass suppression 
treatment interaction. Broadcast application of seed resulted in 
significantly lower PE than drilling in control and paraquat plots. 
However, there was no difference in PE between the 2 sowing 
methods in plots receiving the disking or mefluidide treatments 
(Table 1). Disking increased establishment of broadcast more than 
that of drilled seed (Table 1). The efficiency of establishment, as 

Table 1. Influence of lowing method and kleingrass grass suppression 
treatment on den&y l d seedling survival of Illinois bundleflower in 
Texas. 

Weather data, including maximum and minimum daily temper- 
ature, rainfall and pan evaporation, were collected from a site 
approximately 100 m from the plots throughout the study. 

Sowing 

kkwne Perennial 

method 

GfltSS Percent seedling legume Seedling 
suppression establish- de&v densitv survival 

The density of seedling and perennial Illinois bundleflower 
plants, the species composition of the sward, and the spring and 
early summer yield of the plots were determined each year for 4 
years. Due to the differences in seeding rate utilized in the 2 seeding 
methods, effectiveness of the various sowing method-grass sup- 
pression combinations was compared using percent establishment 
(PE). Percent establishment was obtained by dividing the estab- 
lished plants per m2 by the number of pure live seed planted per rnr 
and multiplying by 100. Species composition of the sward was 
determined on a dry weight basis from a l-m2 sub-sample. Total 
yield was determined by harvesting 5.6 m2 from each plot with a 
flail type mower. The harvests were made when the Illinois bundle- 
flower was approximately 25% seed set to avoid leaf drop. Plots 
were harvested in early August in 1983 and in mid-July the follow- 
ing years. The densities of seedling and perennial Illinois bundle- 
flower were determined by counting the number of perennating 
and seedling plants within 10 cm of a line transecting each plot at 
30” angle to the rows. The same line was used in each plot through- 
out the study for legume density determination. This allowed 
estimates of legume survival and longevity within each plot. 
Counts were taken approximately 2 weeks after each harvest. 
Plants germinating in the spring were called seedlings, while any 
legume plant surviving at least I winter was considered to be a 
perennial plant. 

Gitment ment 
(%) 

19831 1984; 
(# m+) (%) 

Broadcast None 13 
Mefluidide 6 
Paraquat 20 

Disk 40 
Drill None 20 

Mefluidide 4 
Paraquat 40 

Disk 44 
LSD* 5 

7.0 3.5 
3.0 1.7 

10.7 4.0 
20.8 8.0 
5.5 2.7 

1;; 
0.7 

115 
5.2 
3.5 

3.7 1.9 

50 
47 
37 
38 
49 
54 
48 
30 
25 

lSeedlings m-I. 
ZLSD for separation of treatment combination means (KO.05). 

assessed by PE, of the broadcast-disk, drill-Paraquat, and drill- 
disk treatment combinations was equivalent. The selection of the 
appropriate treatment combination from among these 3 would be 
dependent on factors other than the efficiency of legume estab- 
lishment, such as logistical and/ or financial constraints. 

Significance (PCO.05) of main effects and interactions was 
determined by analysis variance (Snedecor and Cochran 1980). 
Treatment means were separated by the Least Significant Differ- 
ence (LSD) method (PCO.05). All percentage data were trans- 
formed prior to analysis using the arc-sine square root transfor- 
mation. 

Plots receiving the broadcast-disk treatment combination had 
higher seedling legume densities in the establishment year than 
disked plots which were drilled. Since PE was similar between the 
broadcast-disk, drill-Paraquat, and drill-disk treatment combina- 
tions, doubling the seeding rate in the broadcast treatment resulted 
in seedling legume densities twice that in the latter 2 treatment 
combinations (Table 1). With the exception of the disked plots, 
broadcasting at twice the seeding rate of drilled plots resulted in 
similar seedling legume densities between the 2 seeding methods 
(Table 1). 

Results and Discussion 

Increasing the seeding rate of the broadcast treatment may be an 
affordable sowing method alternative compared to drilling for 
range interseeding of Illinois bundleflower. Broadcast seeding also 
allows interseeding of range legumes in areas where drilliug is not 
possible and over a more extensive area than is feasib!e with 
drilling. 

Legume Establishment and Density 
Conditions for Illinois bundleflower establishment were very 

favorable in 1983 due to higher than usual rainfall. Following 
planting, rainfall exceeded pan evaporation for 3 consecutive 
weeks. This allowed ample time for the strongly tap-rooted legume 
to reach lower levels in the soil profile. Weather data collected for 

Both grass suppression treatments (disking and paraquat) pro- 
duced significantly higher seedling densities in the establishment 
year than plots where grass was not suppressed (Table 1). Although 
disking resulted in higher seedling densities, it is also the more 
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energy-intensive grass suppression method. Paraquat provided 
grass suppression that resulted in similar seedling legume densities 
to disking in drilled plots and adequate legume establishment in 
broadcast plots. Mefluidide was not a satisfactory grass suppres- 
sion treatment in establishing Illinois bundleflower in kleingrass. 
Mefluidide application resulted in significantly lower seedling 
legume densities than found in the control plots. These results are 
similar to those of Olsen et al. (1981), who found that mefluidide 
applied at 1.8 kg a.i. ha-’ reduced red clover establishment 
although the 0.9 kg a.i. ha-’ rate resulted in similar seedling 
numbers as the control. 

The mechanism for reduction in stand establishment attributed 
to mefluidide is unknown. It may be that mefluidide had a phyto- 
toxic effect on the legume; however, mefluidide application may 
also have altered the spatial relationship between the 2 species. 
Kleingrass is an upright bunchgrass which should permit light to 
penetrate the canopy and allow a C-3 plant, such as Illinois bundle- 
flower, to grow. However, mefluidide has been shown to produce a 
shorter, leafier, more prostrate growth habit in forage grasses 
(Gerrish and Dougherty 1983). This could cause more direct com- 
petition between the 2 species. 

There was no significant treatment effect observed for the 
number of seedling plants mm2 after the first year. The density of 
Illinois bundleflower seedlings in the plots was higher during the 3 
years following establishment than in the establishment year. The 
density of seedling plants averaged across all treatments was 7.3, 
15.2,22.1, and 12.4 seedlings me2 in 1983 to 1986, respectively. This 
is probably due to the production of large amounts of seed by this 
species. Illinois bundleflower has been reported to produce an 
average of 1,038 kg of seed ha-’ year-’ over a 9-year period at the 
Soil Conservation Service Plant Materials Center in Knox City, 
Texas (Anonymous 1984). The rapid spread of Illinois bundle- 
flower by seed dispersal indicates that it may be possible to plant 
this legume in strips and, with proper management, the plant could 
spread into unseeded areas. 

The density of Illinois bundleflower plants which were estab- 
lished in 1983 and survived to 1984 (perennial plants) followed the 
same trend as seedling density in the establishment year. There was 
no effect of sowing method or grass suppression on percent seed- 
ling survival (Table 1). Perennial Illinois bundleflower density 
increased throughout the study rising from an average of 3.1 plants 
me2 in 1984 to 8.7 plants m” in 1986. Roughly 42% of the first year 
seedlings survived into 1984 while only 25% of the 1984 volunteer 
seedlings perennated and 8% of the 1985 volunteer seedlings sur- 
vived until the next year. This is likely due to intraspecific competi- 
tion as Illinois bundleflower comprised an increasingly larger por- 
tion of the sward. Individual plants were observed to survive for 

Table 2. Yield components in 1983 of Illinois bundleflower interseeded 
into estebiisbed kleingrass pesture in 1983 in Texas. 

Broadcast 
Control 
Mefluidide 
Paraquat 
Disk 

Drili 
Control 
Mefluidide 
Paraquat 
Disk 

MEAN 
LSD (0.05) 

Yield (kg ha-‘) Percent 
Legume Grass Total legume 

224 1672 1896 12 
97** 1669 1766 5 

368** 1502 1870 20 
673”. 1691 2364 28 

181 1666 1847 10 
42** 1942 1984 2 

364** 1727 2091 17 
3655. 1704 2069 18 
289 1697 1986 14 
134 -- 8 

Table 3. Yield components in 1984 of Iiiinois bundiefiower interseeded 
into eatebiiabed Lieingress pestun in 1983 in Tew. 

Broadcast 
Control 
Mefluidide 
Paraquat 
Disk 

Drill 
Control 
Mefluidide 
Paraquat 
Disk 

Mean 
LSD(O.05) 

Yield (kg ha-‘) Percent 
Legume Grass Total legume 

1103 1714 2817 
774 1728 2502 

1159 1659 2818 
1753’5 1741 34945’ 

:7 
41 
50 

833 1796 2629 
322 1962 2284 

1419+* 1803 3222** 
iOM* 1720 2726 

1046 1765 2811 
207 -- 443 

32 
14 
44 
37 

in 

‘Signiticantly different from control within same sowing method (PCO.05). 
**Significantly different from control within the Same sowing method (KO.01). 

the 4 years of the experiment. 

Yield and Swnrd Composition 
Legume yield followed the same trend as legume density. The 

yield of the disked and broadcast treatment combination was 
greater than that of any other treatment combination in both 1983 
and 1984 (Tables 2 and 3). The mefluidide treatment resulted in 
lower yields in 1983 and 1984 than the control plots which received 
no grass suppression treatment. The paraquat and disk treatments 
resulted in higher legume yield than the control in 1983 and 1984 
(Tables 2 and 3). Legume yield was very low in the establishment 
year, averaging 289 kg ha-‘, with the seedling plants averaging only 
3.3 gm plant-‘. Similar values (ca. 6 gm plant“) have been reported 
for Illinois bundleflower seedlings interseeded into bermudagrass 
(Skousen and Call 1987). Both legume yield and weight per plant 
increased dramatically in the second year (Table 3). The seedling 
plants in 1984 were observed to have similar dry weights as those of 
the first year. The substantial increase of legume yield and plant 
weight in the second year of the study was due to the greater 
production potential of the perennial Illinois bundleflower plants. 
Since perennial legume density in 1984 largely reflected the legume 
seedling density in the establishment year and perennial legumes 
were the major contributor to legume yield, trends in legume yield 
were similar in 1983 and 1984 (Tables 1,2, and 3). Legume yield 
increased as perennial legume density increased. Average legume 
yield rose from 1,046 kg ha-’ in 1984 to 1,306 and 2,880 kg ha-’ in 
1985 and 1986 as average perennial legume density rose from 3. I to 
7.0 and 8.7 over the same time period. 

Grass yield was not affected by grass suppression treatment or 
legume competition in 1983 or 1984. However, in 1985 and 1986 
grass yield from interseeded plots was significantly lower than 

Table 4. Summary of yield components averaged across aii establishment 
treatments for Illinois bundiefiower interseeded into an established 
kleingrass pasture in Texas. 

interseeded Plots Grass 
Legume Grass Total alone 

ha? 
1983 --Kg 1986 1892 
1984 1046 1765 2811’ 1963 
1985 1306 1205. 25115 1708 
1986 2880 2020* 49005 3363 

*Significantly different from grass yield of non-interseeded plots (KO.05). 

**Significantly different from control within the same sowing method (KO.05). 
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noninterseeded plots (Table 4). It appears that under the condi- 
tions of this study (i.e., no added nitrogen) Illinois bundleflower 
can compete effectively when interseeded into a perennial warm- 
season grass pasture. This is further demonstrated by observing 
sward composition over the length of the study. The legume com- 
ponent comprised only 14% of the sward in the first year after 
seeding but increased to 37,52, and 59% in 1984,1985, and 1986, 
respectively. 

Although kleingrass yield decreased as Illinois bundleflower 
became a more dominant component of the sward, interseeding 
generally resulted in greater total yields. Due to low legume yields 
in the establishment year, there was no difference in total yield 
between interseeded and noninterseeded plots in 1983. However, in 
1984, 1985, and 1986, interseeded plots yielded 43, 47, and 45% 
more than noninterseeded plots, respectively (Table 4). 

Sowing method and grass suppression treatments affected total 
yield in 1984. By the 1985 and 1986 harvests, the density of Illinois 
bundleflower was no longer affected by establishment treatments. 
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