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Abstract Temperate grass and legume yield and
quality are markedly reduced during hot, dry summer
months in the southern USA; therefore, browse
species could add feed options for small ruminants
during this season. Our objective was to compare total
biomass yield and forage nutritive value of two browse
species, leguminous bristly locust (Robinia hispida)
and smooth sumac (Rhus glabra), as well as a
leguminous shrub known as sericea lespedeza (Les-
pedeza cuneate), during summer months (June, July,
August and September). Plants were sampled monthly
during growing-seasons in 2012 and 2013 to deter-
mine biomass yield (foliar, shoot, and total above
ground) and foliar nutritive value [crude protein (CP),
acid detergent fiber (ADF), acid detergent lignin
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(ADL), and condensed tannins (CT)]. There was a
species x harvest time interaction for foliar biomass
yield (P = 0.0125). This interaction was likely due to
low yield in June for bristly locust compared with
sericea lespedeza and smooth sumac, but in all other
months (July, August, and September) yields were
similar for each species. Bristly locust had the highest
CP (16.9%), followed by sericea lespedeza (14.8%),
and smooth sumac (12.3%). Acid detergent fiber and
ADL were similar between bristly locust (ADF 38.5%;
ADL 24.1%) and sericea lespedeza (ADF 38.4%;
ADL 23.1%), but was lower for smooth sumac (ADF
22.1%, ADL 6.3%; P < 0.05). Condensed tannins, an
anti-nutritive yet anti-parasitic phenolic compounds,
were highest in smooth sumac, intermediate in bristly
locust, and lowest in sericea lespedeza. Plant foliar
percentage (ratio of foliar to shoot mass), was highest
in smooth sumac (55.1%), followed by sericea
lespedeza (47.7%), and bristly locust (42.6%). Over-
all, smooth sumac had the highest foliar biomass and
lowest ADF and ADL; however, this species had the
lowest CP and highest CT. Consequently, average
foliar biomass yield of all three browse species in our
study far exceeded forage yield from dominant forage
species [tall fescue (Schedonorus arundinaceus) and
bermudagrass (Cyanodon dactylon)] in this region and
may provide high-yielding, low input, anti-parasitic
fodder for small ruminants during this period in the
Southeastern U.S.
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Introduction

The southeastern U.S. has hot and dry weather during
July and August (lowest rainfall and highest temper-
ature; NOAA 2010), which causes marked reductions
in forage yield from predominant grass species such as
tall fescue (Schedonorus arundinaceus) and bermuda-
grass (Cyanodon dactylon; Ball et al. 2015). Alterna-
tive forage production systems are needed to feed
small ruminants during summer. A browse-based
pasture system would be preferred to a grass-based
pasture system for goats because browse accommo-
dates their natural grazing behavior and allows them to
avoid gastrointestinal nematodes (Terrill et al. 2012).
Furthermore, tree legumes are mostly deep-rooted,
drought tolerant, N-fixing, and may provide high-
quality, protein-rich forage to livestock (Adams et al.
2010). Thus, leguminous trees may be a reasonable
forage alternative for browsers during hot and dry
summer months (Burner et al. 2005).

Bristly locust is a leguminous tree native to the
southeastern U.S. (Fernald 1950). This species can be
established on moderately acidic soil (pH 5.6) with P,
Ca, K and Mg concentration of 90, 370, 2330, and
280 kg ha™', respectively (Burner and Burke 2012).
In addition, mature bristly locust trees can tolerate a
wide range of pH and are drought tolerant (Fernald
1950; Molz and Browning 1977; Hensley and Car-
penter 1986; Burner and Burke 2012). This species
grows as a shrub or small tree and has pinnately
compound leaves (Burner and Burke 2012). Goats
(Capra hircus L.) readily browse tree species and
producers in southeastern Arkansas have been
observed to graze sheep (Ovis aries L.) in bristly
locust silvopasture without any negative health issue.

Sericea lespedeza, is a warm season forage legume
with moderate protein, good digestibility and rich in
CT (Mechineni et al. 2014). Height of the mature plant
ranges from 0.5 to 2 m and have shrubby appearance
due to multiple stems. Leaflets are 0.5-2.5 cm long
and 6 mm wide, and leaves are densely distributed on
branches and main stem (Sidhu 2010). In addition,
sericea lespedeza is a preferred summer forage for
goats and sheep (Min et al. 2004).
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Smooth sumac is a common browse species in the
southern U.S. that can be established in low input soils
(limited or no external input of fertilizer and pesti-
cide), is drought tolerant, and has a high leaf CP
(Rayne and Mazza 2007; Karki 2013). The plant
grows as a shrub or small tree, and has pinnately
compound leaves each with 20-30 leaflets that grow
up to 0.5 m long with a fern like appearance. Smooth
sumac foliage was reported to contain moderate
protein, good digestibility and energy, and up to
35% tannins (Clarke et al. 1949; Hart 2013).

The objective of this study was to determine total
biomass yield and foliar nutritive value of two woody
leguminous forages and an herbaceous legume during
the summer period to determine their potential for
small ruminant feeding in silvopastoral systems.

Materials and methods
Site description

This study was conducted at the USDA-ARS Dale
Bumpers Small Farms Research Unit in Booneville,
Arkansas, U.S. (35°08’N, 93°98’W). Soil type in the
experimental site was Leadvale silt loam (Fine-silty,
siliceous, semiactive, thermic Typic Fragiudults), with
water movement and plant rooting limited by a
fragipan at a depth of 14-97 cm. During late winter
and early spring, the fragipan layer severely restricts
water movement in the soil profile, and a perched
water table is common at a depth of 61-91 cm (NRCS
2003). The site received 990 mm rainfall in 2012 and
1350 mm in 2013. The 30 year mean annual precip-
itation during the same period was 1270 mm with the
lowest precipitation during July and August (NOAA
2010; Fig. 1A). Mean annual temperatures in 2012
and 2013 were 18.2 and 15.6 °C, respectively. The
30 year (1981-2010) mean annual temperature was
15.5 °C, with winter minimum of 10.6 °C and summer
maximum of 32.3 °C (NOAA 2010, Fig. 1B).

Plot establishment

Dormant bristly locust and smooth sumac trees
growing in a similar soil type about 1.5 km from the
research site were removed with roots remaining intact
and then transplanted to the experimental plots at a
depth of 15 cm in March 2011. Trees 1-2-m tall and
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mean basal diameter of 2.3 cm were topped at 0.8 m,
dug intact to a rooting depth of about 15 cm with
backhoe, and immediately transplanted to the pasture
maintaining row to row distance of 3.0 m and plant to
plant distance of 3.6 m. Sericea lespedeza had been
established at the site previously. Chemical weed
suppressors, fertilizer, and soil amendments were not
applied during the entire study period to evaluate their
productivity. Alleys between the rows of all three
species were mowed in 2012 and 2013.

Data collection

Samples were collected in June, July, August and
September in 2012 and 2013. Three, 0.43 ha plot (1
plot/species) were used for the study. Each plot were
divided equally into four blocks. Plant height (from
the soil surface) and basal shoot diameter (at 5 cm
above the ground) of four plants per block were
measured and all plants in each block were counted.
Plant biomass yield was determined by clipping tissue

@ Springer



1090

Agroforest Syst (2020) 94:1087-1098

inside 1-m? quadrat at 5 cm stubble height for bristly
locust and smooth sumac, and 0.25-m? quadrat at
2.5 cm above ground for sericea lespedeza. Harvested
plants were separated into foliage (petioles plus
leaflets) and woody shoots for foliage percentage
(total foliage weight/total shoot weight x 100) deter-
mination. Foliar and shoot samples were weighed,
dried in a forced draft oven (Wisconsin Oven Corpo-
ration, East Troy, WI) for 48-72 h at 55 °C and re-
weighed. Foliar samples were then ground in a Wiley
mill (Thomas Scientific, Swedesboro, NJ) through a
2-mm sieve.

Foliage nitrogen (N) and carbon (C) content were
measured using a CN analyzer (Vario MAX CN;
Elementar Analysensysteme GmbH, Germany) at the
Agriculture Diagnostic Laboratory, University of
Arkansas, Fayetteville, Arkansas. Foliage C:N ratio
was calculated from the total C and N content. Crude
protein was calculated by multiplying N content by
6.25. Acid detergent fiber (ADF) and acid detergent
lignin (ADL) concentrations were determined using an
Ankom 200 Fiber Analyzer (Ankom Technologies,
Macedon, NY) following method developed by Vogel
et al. (1999). Sodium sulfite was added to avoid CT
precipitating protein in ADF and ADL (method 973;
AOAC 2006). Condensed tannins were measured as
protein-precipitable phenolics (PPP) by the Cooper
et al. (2018) method, using purified species specific
CT as standards for each species.

Statistical methods

Experimental design was a randomized complete
block design with four replications per treatment.
Fixed effects were plant species (bristly locust, smooth
sumac, and sericea lespedeza) and sampling date
(June, July, August, and September), with interactions
being determined for plant nutritional composition,
condensed tannin concentration, plant yield, height,
and diameter. Each plot was randomly assigned a
sampling date and repeatedly sampled. In all models,
species (whole block) and harvest time (split-plot)
were the fixed effects and year and replications were
entered as random effects using PROC MIXED (SAS
V9.3; SAS Inst. Cary, NC). All ANOVA assumptions
of normally-distributed residuals (Shapiro—Wilk test)
and homogeneity of variances (Levene’s F-test) were
confirmed. When significant differences were found
(P < 0.05), pairwise post hoc comparisons of the least
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squares means were conducted using Least Significant
Difference (LSD) at P < 0.05. Mean separations were
performed by the SAS macro ‘pdmix800° (Saxton
1998) with Fisher’s Type-I error rate of 5%.

Two models were analyzed, one with and one
without repeated measures. Initially, dependent vari-
ables [yield and forage nutritive value (i.e., CP, C:N,
ADF, ADL, and CT) were analyzed using repeated
measures ANOVA, PROC MIXED (SAS V9.3; SAS
Inst. Cary, NC) over the 2-year study, with replicate
and year being random effects, and sampling period
being the repeated measures. For the repeated mea-
sure, an autoregressive covariance was used and the
denominator degrees of freedom for the Type III F-test
were adjusted with the Kenward-Roger method
(Gomez et al. 2005). However, the — 2 Loglikelihood
did not change under the repeated-measure analysis
(did not drop by at least 5 per covariance parameter)
and the autoregressive correlation value (0.24) indi-
cated a weak correlation among observations, so
autoregressive covariance (repeated measures) was
dropped. Thereafter, a second model (without
repeated measures) was analyzed using a mixed model
analysis of variance (MMAOV). Year was not signif-
icant; therefore, data were analyzed and presented
across years.

Results

Foliar, shoot, and total aboveground biomass
production

Sericea lespedeza was previously well established;
however, survival rate for bristly locust and smooth
sumac were about 50% from the O month to 1 year.
Average foliar biomass yield from bristly locust,
smooth sumac, and sericea lespedeza in this study
from 2012 to 2013 were 2550, 3640, and
3400 kg DM ha™' respectively. There was a
species X harvest time interaction for foliar yield
(P = 0.0125; Table 1) due to low leaf yield in bristly
locust compared with sericea lespedeza and smooth
sumac in June. In other months, foliar yield did not
differ across species (P > 0.05; Figs. 2 and 3). Shoot
biomass yield was similar across species (P > 0.05),
but differed across months, in which yield was lowest
during June compared to July, August, and September
(P < 0.05). Total biomass (foliar and shoot)
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Table 1 Analysis of Fixed effect Num DF Den DF F value Pr>F
variance results for biomass
and morphological Foliar yield
characteristics of bristly Species 69 17.96 < 00001
locust (Robinia hispida), P ’ ’
smooth sumac (Rhus Harvest time 69 18.64 < 0.0001
glabra), and sericea Species x harvest time 69 2.96 0.0125
lespedez)a (Lesiwe(;igzaj Shoot yield
cuneata) sampled in June, ;
July, August and September Species 69 0.36 07019
in 2012 and 2013 in Harvest time 69 9.08 0.0001
Booneville, Arkansas, USA Species x harvest time 69 0.39 0.8810
Total biomass
Species 69 5.93 0.4144
Harvest time 69 3.93 0.0002
Species x harvest time 69 1.20 0.8145
Plant height
Species 69 18.60 < 0.0001
Harvest time 69 8.93 < 0.0001
Species x harvest time 69 2.28 0.0458
Shoot diameter
Species 69 185.89 < 0.0001
Harvest time 69 10.55 < 0.0001
Species x harvest time 69 0.73 0.6294
Num DF numerator degree Foliar (%)
of freedom, Den DF Species 69 17.96 < 0.0001
denominator degree of Harvest time 69 18.64 < 0.0001
freedom, Foliar (%) ratio of Species x harvest time 69 2.96 0.0125

foliar to shoot mass

Fig. 2 Effect of species
(bristly locust, smooth
sumac, and sericea
lespedeza) on monthly mean
foliar, shoot, and above-
ground total biomass yield
during the growing season in
2012 and 2013 in
Booneville, Arkansas, USA.
Standard error bars with
different letters are
significantly different for
each biomass component
(post-hoc test; P < 0.05)
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Fig. 3 Effect of harvest date on monthly mean A foliar yield,
B shoot yield, C total above-ground biomass yield, D plant
height, E basal shoot diameter, and F foliar percentage of three

production was similar for all species (P = 0.414);
however, production differed across months
(P < 0.05). In June, total biomass production was
lower compared with July, August, and September
(P < 0.05).
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species throughout the growing season in 2012 and 2013 in
Booneville, Arkansas, USA. Standard error bars with different
letters are significantly different (post-hoc test; P < 0.05)

Foliar nutritive value

There was no interaction between species and harvest
time for CP (P > 0.05; Table 2). In all months, bristly
locust had the greatest CP followed by sericea
lespedeza and smooth sumac respectively (P < 0.05;
Fig. 4). The C:N ratio differed among browse species.
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Table 2 Analysis of Fixed effect Num DF Den DF F value Pr>F
variance results for foliar
nutritive value of bristly CP
locust (Robinia hispida), Species 59 5221 < 0.0001
smooth sumac (Rhus
glabra), and sericea Harvest time 59 0.32 0.8143
lespedeza (Lespedeza Species x harvest time 59 2.12 0.0644
cuneata) sampled in June, C:N
July, August and September .
in 2012 and 2013 in Species 59 52.41 < 0.0001
Booneville, Arkansas, USA Harvest time 59 0.28 0.8405
Species x harvest time 59 1.62 0.1568
ADF
Species 66 80.67 < 0.0001
Harvest time 66 1.58 0.2029
Species x harvest time 66 1.86 0.1011
ADL
Species 66 125.56 < 0.0001
Num DF numerator degree Harvest time 66 1.41 0.2480
of freedom, Den DF Species x harvest time 66 2.29 0.0455
denominator degree of CT
freedom, CP crude protein,
C:N carbon to nitrogen Species 66 630.29 < 0.0001
ratio, ADF acid detergent Harvest time 66 5.52 0.0019
fiber, ADL acid detergent Species x harvest time 66 8.41 < 0.0001

lignin, CT condensed tannin

The C:N ratio was greatest in smooth sumac, was
intermediate in sericea lespedeza, and lowest in bristly
locust (P < 0.05). The C:N ratio and ADF did not
differ across months (P > 0.05); however, ADF
differed among species (P < 0.05). Acid detergent
fiber was similar between bristly locust and sericea
lespedeza, 38.5% and 38.4%, but was different for
smooth sumac (22.1%; P < 0.05). There was a
species x harvest time interaction on ADL
(P < 0.05). Acid detergent lignin was similar between
bristly locust (24.1%), and sericea lespedeza (23.1%)
but lower in smooth sumac (6.3%) due to lower ADL
during July and August (P < 0.05).

Finally, a species x harvest time interaction
occurred with CT (P < 0.05), wherein CT was
greatest in smooth sumac (213 mg CT g™ ') due to
its high CT concentrations during June, intermediate
in bristly locust (87 mg CT g~ '), and lowest in sericea
lespedeza (41 mg CT g~ '; P < 0.05).

Plant height, shoot basal diameter, and foliar
percentage

Bristly locust and sericea lespedeza heights were 1.16
and 0.92 m respectively in June and remained constant

until September; however, smooth sumac was tallest
in July (1.6 m).

There was a species x harvest time interaction for
plant height (P < 0.05; Table 1) due to differences
occurring during July. In July, smooth sumac was
tallest, bristly locust was intermediate, and sericea
lespedeza was shortest (P < 0.05). Smooth sumac had
the largest shoot diameter followed by bristly locust
and sericea lespedeza (P < 0.05). Shoot diameter was
smallest during June (P < 0.05; Fig. 3) and did not
differ during July, August and September (P > 0.05).
A species x harvest time interaction for foliar per-
centage occurred (Table 1). In June, smooth sumac
had greater foliar percentage than bristly locust and
sericea lespedeza (P < 0.05). All species had similar
foliar percentage in July (P > 0.05). In August,
smooth sumac and sericea lespedeza had similar but
greater foliar percentage than bristly locust
(P < 0.05). Smooth sumac had the greatest foliar
percentage in September followed by sericea les-
pedeza and smooth sumac (P < 0.05).
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and E condensed tannin throughout the growing season in 2012

Discussion
The southeastern U.S. often has hot, dry conditions
during July and August (NOAA 2010) that cause

predominant forage species (tall fescue and bermuda-
grass) to be semi-dormant (Burner et al. 2005), and of
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and 2013 in Booneville, Arkansas, USA. Standard error bars
with different letters are significantly different (post-hoc test;
P < 0.05)

low nutritional value; thus, alternative forage produc-
tion is needed during this time. Bristly locust, smooth
sumac, and sericea lespedeza grow well in the
southeastern U.S. during summer (Bauni 1993; Ball
and Mosjidis 2007; USDA NRCS 2018), due to their
ability to tolerate high temperatures and low soil
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moisture (Mkhatshwa and Hoveland 1991; Bauni
1993; Burner and Burke 2012). Bristly locust, and
sericea lespedeza are consumed by both sheep and
goats, and goats highly prefer smooth sumac leaves
(Bauni 1993; Min et al. 2004; Burner and Burke 2012).
Average foliar biomass yield from bristly locust,
sericea lespedeza, and smooth sumac in this study far
exceeded tall fescue and bermudagrass yield
(1000 kg DM ha™ ') during August (Baker 2000;
Burke et al. 2004). Thus, all three species could
ameliorate forage deficiency during humid summers
in the southeast for small ruminants in agroforestry
systems.

Crude protein is essential for animal growth and
development. Mature does requires 7% CP for main-
tenance (NRC 2007); however, 12-17% CP is
required during growth, pregnancy, and lactation
(NRC 2007). In this study bristly locust and sericea
lespedeza met or exceeded normal CP requirement for
lactating does and growing kids, but smooth sumac
leaves contained nutritionally marginal levels of CP.
Crude protein percentage of all plant species in the
current study is consistent with other studies (Burner
and Burke 2012; Hart 2013; Mechineni et al. 2014).
Tall fescue and bermudagrass mixed pasture during
summer from a nearby location contained 13% CP
(Acharya et al. 2015). Thus, all three species can
provide similar or greater CP than tall fescue and
bermudagrass mixed forage during summer months.

Acid detergent fiber is a nutritive entity that is least
digestible by livestock and thus lower values are
desirable (Beauchemin 1986). Acid detergent fiber of
sericea lespedeza in this study is consistent with other
studies (Lemus 2013). However, smooth sumac had
greater ADF in this study than reported previously
(Hart 2013). Acid detergent fiber of tall fescue and
bermudagrass mixed forage from a nearby research
site during summer 2013 was 28-36% (Acharya et al.
2015). Thus, all three-plant species in the current study
had similar or higher ADF compared with bermuda-
grass and tall fescue.

Alternatively, ADL, a measure of lignin content of
forage, can be used to estimate energy content of
forages (Waldo et al. 1972; Van Soest 1982). Forages
with high ADL have low digestible energy and vice
versa. Based on ADL value, smooth sumac was the
most digestible of the three forage species.

Condensed tannins are the most widely studied
plant secondary metabolites. Feeding CT-containing

forages decreased gastrointestinal nematodes, specif-
ically Haemonchus contortus in goats, (Min et al.
2004) and reduced coccidiosis in lambs (Burke et al.
2013). Additional advantages of feeding CT-rich
forages include bloat prevention (Beddows 1956),
increased animal live weight (Waghorn et al. 1999),
improvement of lambing percentage (Min et al. 1999),
and decreased fly strikes (Leathwick and Atkinson
1995). Forages containing CT concentrations of
50 mg g~' DM or less are not known to induce
negative effects to ruminants, but higher than
60 mg g~' DM decreased forage intake (Barry and
McNabb 1999; Bhatta et al. 2002). An additional
disadvantage of high CT concentrations in forages
includes decreased protein utilization (Donnelly and
Wear 1972), decreased hemicellulose and readily
fermentable carbohydrates (Barry and Manley 1984),
and reduced mineral absorption (Scharenberg et al.
2007; Acharya et al. 2016). Negative effects of high
CT containing forages varies with ruminant species.
Goats and deer secrete proline-rich protein in their
saliva that minimizes absorption of tannins and
reduces their toxicity (Austin et al. 1989). In the
current study, lower concentration of CT in sericea
lespedeza (41 mg g~ ' DM) would not be expected to
cause negative effect in animals. Bristly locust and
smooth sumac had 87 and 213 mg CT g~ ', respec-
tively, thus care should be taken while feeding these
forages.

Height of sericea lespedeza in this current study is
consistent with other studies (Swearingen and Barg-
eron 2016; Burner and Burke 2012). In contrast,
smooth sumac and bristly locust were shorter than that
reported in other studies, (USDA NRCS 2018; Burner
and Burke 2012), which is reasonable as the plants in
this study at the initiation had been transplanted less
than a year earlier and were mowed before the growing
season, whereas in other studies plants were more than
2 years old. In addition, plant height depends on
factors such as soil type, fertility, topography, and soil
moisture.

Sericea lespedeza basal shoot diameter is consistent
with other studies (Sidhu 2010); however, bristly
locust and smooth sumac had smaller diameters than
reported by other authors (Burner and Burke 2012;
Francis 2018). Plant age, soil moisture, and soil
fertility could have impacted such differences. Browse
species with high foliar percentage likely conduce
large animal bites without obstruction (Koerth and
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Stuth 1991). In the current study, smooth sumac had
the highest leaf percentage, followed by sericea
lespedeza and bristly locust, respectively. Ruminants
prefer a diet containing more leaf than stem (Arnold
1981); thus, based on relative abundance of foliage,
sericea lespedeza and smooth sumac may be more
preferred than bristly locust. However, this cannot be
generalized as other factors such as palatability,
accessibility, CT concentration, plant growth stage,
and animal species play a role in forage consumption
(Sanon et al. 2007).

Conclusion

Bristly locust, sericea lespedeza, and smooth sumac
established and thrived in the southeastern environ-
ment. Foliar biomass and foliar nutritive value of all
three species were similar or better compared with the
dominant forage species in the region (tall fescue and
bermudagrass). Among the three browse species,
smooth sumac had highest mean foliar yield and,
foliar percentage, and lowest ADF and ADL of all
three species. However, smooth sumac had the lowest
CP and highest CT. Condensed tannins at a low
concentration are beneficial for ruminants, but when
present in high concentrations decrease forage palata-
bility and digestibility. Besides this, livestock species
differ in CP requirement and ability to tolerate CT.
Further studies are needed to compare the percentage
utilization of these browse species by small ruminants.
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