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Abstract 
In the southern Great Plains (SGP) of the USA warm-season legumes can improve the quality of 
available forage in pasture systems based on perennial warm-season grasses. Legumes that pers-
ist through self-seeding may be especially useful in low-input systems where resources for annual 
replanting are limited. The productivity and capacity for self-seeding of Korean lespedeza (Kum-
merowia stipulacea [Maxim.] Makino) and Verano stylo (Stylosanthes hamata [L.] Taub.) were 
tested in controlled environment and in field plots in the SGP. At similar levels of accumulated 
temperature, germination of Korean lespedeza was unaffected by day/night temperature regimes 
between 15/15˚C and 30/15˚C. In contrast, at similar accumulated temperatures, germination of 
Verano stylo increased with higher daytime maximum temperature up to 30˚C. Seedling growth of 
both species was reduced by shading, in proportion to the reduction in photosynthetic flux density. 
Growth of Korean lespedeza up to five weeks after emergence was greatest under a 22.5/7.5˚C 
temperature regime but that of Verano stylo was greatest at 30/15˚C. In the field Korean lespedeza 
was a prolific seeder and productive of forage though susceptible to significant loss of leaf materi-
al in late summer and fall. Verano stylo did not reseed effectively and was not a reliable forage 
producer. 
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1. Introduction 
Feed quality of unimproved warm-season pastures in the Southern Great Plains (SGP) can be improved by in- 
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clusion of legumes in the system [1] [2]. Annual forage legumes may be productive during the summer months 
[3] [4], but their adoption by low-input farmers is often constrained by limited resources for cultivation and 
sowing. The use of perennial crops could eliminate the need for regular replanting, but lack of persistence of le- 
gumes is a widely-reported problem [5]. Self-reseeding annual legumes may have a role to play in low-input 
systems if, once established, they can be managed to produce both forage and sufficient seed to enable re-estab- 
lishment in the following growing season. Korean lespedeza (Kummerowia stipulacea [Maxim.] Makino) is re- 
cognized as a useful summer annual legume forage that has the capacity to self-reseed [6] [7], and it has been 
used with some success in the SGP as a relay crop following a winter cereal [8]. Verano stylo (Stylosanthes ha- 
mata [L.] Taub.) has proven to be productive and persistent in semi-arid zone pasture systems in Australia and 
west Africa [9]. In central Florida S. hamata has demonstrated rapid maturity and a capacity for seed production 
[10] but it is untested in the SGP where successful re-establishment of annual legumes is likely to be constrained 
by low temperatures early in the growing season and by competition with regrowing warm-season grass as the 
season advances. The objectives of this work were to assess the capacity of lespedeza and stylo for growth under 
low-temperature and limited light input, in controlled and field environments, to evaluate their potential for use 
as summer forages in low input livestock production systems in the SGP. 

2. Materials & Methods 
2.1. Germination Responses to Temperature 
The germination of hulled seeds of lespedeza and unhulled seeds of stylo (as sown in the field), together with 
manually hulled seeds of stylo, was observed in incubator studies under a range of day and night temperature 
regimes. Twenty five seeds of each type were germinated in petri dishes on filter paper moistened with 10 mL of 
deionized water under day/night temperatures of 30/15, 22.5/15, 15/15 or 22.5/7.5˚C. Each treatment was re-
peated four times. 

2.2. Effects of Light and Temperature on Lespedeza and Stylo Seedling Growth 
The effect of temperature and light-input regimes on seedling growth of lespedeza and stylo was studied in a 
growth chamber (Controlled Environments Inc., Pembina, ND). Individual seedlings of lespedeza and stylo were 
grown in 155 mL pots (“Conetainers”®, Stuewe & Co. Corvallis, OR) in potting soil (Baccto [Michigan Peat Co., 
Houston TX] consisting 840 g∙kg−1 reed sedge peat + 160 g∙kg−1 sand and perlite). Five replicate seedlings were 
grown under each temperature and light treatment. Watering was made through uniform applications of 10 mL 
of deionized water to each plant, at a frequency sufficient to keep the surface soil moist. Plants were subject to a 
13 h light and 11 h dark regime under day/night temperature regimes of 30/15 or 22.5/7.5˚C at photosynthetic 
photon flux densities of 250 (full light, FL) or 90 (shade, SH) μE∙m2∙sec−1, measured at the top of the plant ca-
nopy. The reduced light treatment was achieved by shading seedlings under shade cloth with nominal 75% ex-
clusion. Destructive harvests were made at 2, 3, 4 or 5 weeks post-emergence to assess the effect of treatments 
on seedling growth. At each harvest seedlings were extracted from soil by washing under running water and top 
growth was separated from roots at the crown. The total leaf area of each seedling was estimated by passing de-
tached leaf laminae through a LI-3100 leaf area meter (LI-COR, Lincoln, NE). Seedling top and root growth 
were subsequently dried at 60˚C to measure seedling component and total DM. 

2.3. Forage Production and Seeding Capacity of Lespedeza and Stylo 
Field experiments were undertaken in 2001 and 2002 at a site 6 km S of Langston, OK (35˚53'N, 97˚15'W) that 
had been maintained as unimproved warm-season pasture for over 15 years. Soil was a Coyle series loam (fine- 
loamy siliceous thermic Udic Arguistoll) and analysis showed a pH of 6.1, nitrate-nitrogen of 9 kg∙ha−1, phos-
phorus index (Mehlich 3) of 10 and a potassium index of 226 in the upper 15 cm of the soil profile. Following 
seedbed preparation by rotatiller, Korean lespedeza was sown at 20 kg∙ha−1 (1255 seeds per m2) in both years 
and Verano stylo was sown at 10 kg∙ha−1 in 2001 and 11 kg∙ha−1 in 2002 (359 and 395 seeds per m2, respective-
ly). Sowing was achieved by broadcasting in all cases. Seeds were treated with commercial Bradyrhizobium in-
oculant immediately prior to sowing in each year. In 2001 lespedeza was sown in early May, and stylo in early 
June. In 2002 both lespedeza and stylo were sown in early April. Harvests for DM yield estimation were taken at 
two-week intervals from mid-July to end October in each year, for a total of eight sample dates, each replicated 
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three times. Sown plot size was 1.21 × 6.01 m and an area of 0.86 × 6.01 m was cut for yield estimation, using a 
sickle-bar mower (Troybilt, Troy, NY) set to a stubble height of 0.05 m. The material harvested from each plot 
was weighed fresh in the field and a sample of approximately 200g of fresh material was taken for hand-separa- 
tion of sown warm-season legume, grass or forb. Separated material was dried at 60˚C for 48 hours and weighed 
for estimation of component DM and sample DM content. Losses of leaf material by lespedeza and stylo were 
estimated by collection of shed leaves within a 0.15 × 0.15 m quadrat. Self-seeding capacity was measured after 
the final harvest in each year by collection of seed deposited on the soil surface, within a 0.15 × 0.15 m quadrat, 
using a hand-held vacuum cleaner. Following cropping with lespedeza in 2001 and 2002, the emergence of 
self-sown seedlings was counted within three 0.15 × 0.15 m quadrats on each plot in early April in each of the 
following years. 

2.4. Statistical Analysis 
Statistical analysis was made using Genstat procedures [11] to fit regression lines to germination data and for 
ANOVA of controlled environment and field experiments. 

3. Results 
3.1. Germination Responses to Temperature 
When expressed on a growing degree day (GDD) timescale (accumulated mean daily temperature above 0˚C), 
germination rate in lespedeza was not significantly changed by temperature regimes within the range 15/15 to 
30/15˚C (Figure 1(a)). Germination of stylo in response to temperature treatment was much more variable than 
that of lespedeza. The overall germination percentage of stylo at a maximum temperature of 15˚C (15/15˚C) was 
only 3% with unhulled seed and 7% with hulled seed. An increase in daytime maximum temperature to 22.5˚C, 
at a daily mean temperature of 15˚C (22.5/7.5˚C), resulted in a large increase in overall germination percentage 
with both hulled and unhulled stylo. In unhulled stylo, an increase in temperature to a daily mean of 22.5˚C 
(30/15˚C) produced further increases in overall germination percentage (Figure 1(b)). Germination rate in 
hulled stylo, at a daily high temperature of 22.5˚C or above, was less affected by increase in mean temperature, 
than in unhulled stylo (Figure 1(c)). 

3.2. Effects of Light and Temperature on Lespedeza and Stylo Seedling Growth 
Under a temperature regime of 30/15˚C, growth of lespedeza and stylo seedlings was similar within light input 
treatment (Figure 2(d), Figure 2(e), Figure 2(f)). Seedling leaf area and rate of DM accumulation were reduced 
(P < 0.05) in both species under reduced light, but there was no difference in response between species. Under a 
temperature regime of 22.5/7.5˚C lespedeza grew significantly faster than stylo in both full and reduced light 
(Figure 2(a), Figure 2(b), Figure 2(c)). Stylo, in contrast, grew significantly faster at 30/15˚C than at 22.5/ 
7.5˚C, but even at the higher average temperature, under similar light input, its growth rates were lower than 
those of lespedeza at temperatures of 22.5/7.5˚C. In both species the relative seedling productivity was similar to 
the change in light input. 

3.3. Seasonal Distribution of Lespedeza and Stylo Production 
In 2001 and 2002 respectively, total annual rainfall was 88% and 102% of the 30-year average of 937 mm. In 
2002 the distribution of rainfall up to July more closely matched that of the long-term average than did that of 
2001; late-summer and fall rainfall in 2002 was greater than both 2001 and the 30yr mean for the same period 
(Figure 3(a)). Mean daily temperatures were higher in 2001 than 2002 through spring and summer, and in both 
years were greater than the 30 yr average (Figure 3(b)). Lespedeza established well in both years, with a mean 
established plant stand of 435 pl∙m−2 in 2001 and 226 pl∙m−2 in 2002. Stylo establishment was slow and estab-
lished plant density reached only 30 pl∙m−2 in 2001 and 17 pl∙m−2 in 2002. Productivity reflected the establish-
ment performance, with a maximum yield of lespedeza of 2030 kg∙ha−1 in 2001 and 1100 kg∙ha−1 in 2002. Stylo, 
in contrast, produced a maximum of 505 kg∙ha−1 in 2001 and 40 kg∙ha−1 in 2002. Plots of self-sown lespedeza 
emerged by late-March of 2002 and produced a maximum yield of 2330 kg∙ha−1 by early July of 2002, contrast-
ing with the sown lespedeza in this year, which did not achieve its maximum yield until the beginning of Octo-
ber. The seasonality of production of legume DM is summarized in Figure 4. In both years lespedeza was sub- 
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Figure 1. Effect of accumulated temperature and day/night temperature regimes [15.0/15.0, 22.5/7.5, 22.5/15.0 or 30.0/ 
15.0˚C] on germination of lespedeza (a), unhulled stylo (b) and hulled stylo (c).                                      
 
ject to extensive leaf loss with end of season leaf deposition amounting to an average of 500 kg∙ha−1 in 2001 and 
625 kg∙ha−1 in 2002. Despite tillage prior to sowing, by the end of the growing season regrowth of perennial 
warm season grass produced 280 and 630 kg∙ha−1 under lespedeza and 700 and 1250 kg∙ha−1 under stylo in 2001 
and 2002, respectively. 

3.4. Self-Seeding by Lespedeza and Stylo 
Seed deposition by lespedeza following a single harvest during the first week of November in each year was 
6680 seeds∙m−2 in 2001 and 3880 seeds∙m−2 in 2002. The corresponding stand counts of re-established lespedeza 
were 3225 pl∙m−2 in 2002 and 1030 pl∙m−2 in 2003. End-of-season seed deposition ranged from 2750 seed∙m−2 
when forage was harvested in early July, to 260 seeds∙m−2 when forage was harvested in mid-September. 

Self-sown lespedeza in 2002 deposited more than four times (9430 seeds∙m−2) the amount of seed produced 
by the crop sown in mid-April, probably reflecting both its longer growing season and greater biomass produc-
tion, but there was ultimately no benefit in numbers of plants (650 pl∙m−2) established in the following season. 
Stylo seed deposition was 140 seeds∙m−2 in 2001, but in 2002 there was no measurable seed output. 

4. Discussion 
Temperature regime treatments focused on conditions expected during establishment of summer legumes in 
spring and early summer in the SGP. Restricted light-input treatments were intended to simulate the effect of  
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Figure 2. Temperature regime [22.5/7.5 or 30.0/15.0˚C] and light input [FL = 260 μE∙m2∙sec−1 or SH 
= 90 μE∙m2∙sec−1] effects on seedling leaf area (a) (d); root DM (b) (e) and aerial DM (c) (f) of lespe-
deza and stylo in controlled environment. Least significant differences (P = 0.05); Leaf area = 2.8; 
Root DM = 4.7; Aerial DM = 20.5.                                                        

 
competition from an established canopy of warm-season grass on establishing warm-season legume.The germi-
nation and seedling growth responses to temperature of lespedeza and stylo show a clear contrast between the 
two species. At a given accumulated temperature lespedeza is able to germinate as well under a 15/15˚C tem-
perature regime as under 30/15˚C day/night temperatures, while germination of stylo is clearly quite tempera-
ture-dependent over this range. The effect of lower temperature on germination rate appears also to be amplified 
by the presence of the stylo seed pod. Seedling growth responses to temperature show that, while lespedeza is 
suited for early-season establishment in the SGP (significantly extending the possible growing season for lespe-
deza in the SGP), stylo clearly is not and its poor low-temperature performance limits its effective growing sea-
son. The advantage of lespedeza over stylo is emphasized by long-term temperature data for the central SGP that 
show mean daily temperature exceeds 15˚C for 168 days and 22.5˚C for only 94 days each year. 

Performance in the field reflected observations in controlled environment. Lespedeza can be a relatively pro-
ductive crop when sown on tilled ground and its seed output, even following a mid-summer harvest, is sufficient 
for re-establishment by self-seeding. The ability of lespedeza to achieve early-season growth was amply demon- 



P. W. Bartholomew 
 

 
1117 

 
Figure 3. (a) Monthly rainfall totals and (b) mean daily temperatures ˚C 
for growing seasons of 2001, 2002. 30 yr-mean (1972-2001) values for 
each parameter are included for comparison with individual years.       

 

 
Figure 4. Seasonal distribution of forage DM yields of Lespedeza and Stylosanthes 
sown in 2001 or 2002, and harvested during the same year, or of Lespedeza self-sown 
(SS) at the end of the growing season of 2001 and harvested during 2002. Least sig-
nificant differences (P=0.05); 2001 = 207; 2002 = 320 and LES SS (2002) = 511.      
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strated by yields of the self-sown crop in 2002, but this capacity for early growth also exposes the crop to risk of 
damage by late frost. Although stylo produced seed in one year of the experiment it was an amount insufficient 
to re-establish the crop. Verano stylo therefore proved to be neither a productive forage nor a viable self-seeding 
crop in the SGP, and this conclusion is consistent with that of Edye [12] that S. hamata is not well adapted to 
environments outside 20˚ latitude. The potential demonstrated by S. hamata at 30˚N [10] is not sustained as far 
north as 35˚, even though the central southern plains may meet precipitation and temperature requirements sug-
gested by Edye et al., [12]. A potential alternative to S. hamata that merits investigation is the related S. biflora, 
which is native to the southern plains [2] and can persist in unimproved pastures.  
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