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RESEARCH

Bermudagrass [Cynodon dactylon (L.) Pers.] is the most planted 
forage species in the southeastern United States (Taliaferro et 

al., 2004). Jiggs bermudagrass is one of the few bermudagrass geno-
types that tolerate poorly drained soils, and it has been widely used 
by livestock producers in the US Gulf Coast region (Newman et 
al., 2014). However, it is known that warm-season perennial grass 
pastures require N fertilization to be productive and persistent 
under grazing (Thomas, 1992). Limited use of fertilizer in pastures 
grazed by beef cattle, due to increased fertilizer prices, might lead 
to a reduction in forage production, nutritive value, and persistence 
(Blue et al., 1980; Boddey et al., 1997).

Mixing legumes into warm-season perennial grass pastures 
is an effective alternative management practice to supply N and 
increase forage nutritive value (Thomas, 1995). However, lack of 
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ABSTRACT
Overseeding warm-season legumes into warm-
season perennial grass pastures may increase 
productivity and nutritive value of pastures in 
tropical and subtropical regions. The objective 
of this study was to investigate the effects of 
overseeding ‘Amarillo’ pintoi peanut (Arachis 
pintoi Krapov. & W.C. Greg.) into Jiggs bermu-
dagrass [Cynodon dactylon (L.) Pers.] pastures 
grazed at different stubble heights. The experi-
ment was conducted in Ona, FL, from June to 
October in 2014 and 2015. Treatments were a 
split-plot design of two sward types (bermu-
dagrass monocultures or overseeded with 
pintoi peanut, main plots) and two postgrazing 
stubble heights (15 or 25 cm [SH15 and SH25], 
subplots) arranged in a randomized complete 
block design with four replicates. Pastures 
were mob stocked, with 28-d resting periods 
between grazing events. There was no effect 
of stubble height on pintoi peanut plant density 
(5.8 plants m−2), ground cover (5.8%), or propor-
tion in the herbage mass (HM, 5.2%); however, 
proportion in the HM increased from 1.1 to 8.2% 
over 2 yr. There was no effect of sward type on 
weed ground cover; however, SH25 had greater 
weed ground cover than SH15 (53.4 vs. 18.2%). 
Herbage accumulation rate, crude protein, 
and in vitro digestible organic matter were not 
affected by sward type (23.4 kg ha−1 d−1, 101 g 
kg−1, and 431 g kg−1, respectively). Pintoi peanut 
proportion in the HM increased over time; 
however, it may take >2 yr to have a significant 
presence of pintoi peanut in the mixed sward.
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persistence has limited the use of warm-season legumes in 
tropical and subtropical regions. Pitman et al. (1988) eval-
uated 50 warm-season legume accessions in Florida and 
observed that most had limited persistence under grazing. 
The authors also observed that persistence was affected 
by the interactions between legume species and grazing 
intensity. Rhizoma peanut (Arachis glabrata Benth.) is a 
persistent and productive warm-season perennial legume 
used in Florida; however, vegetative propagation and slow 
establishment are limiting factors for its use in grazing 
systems (Castillo et al., 2013, 2014; Mullenix et al., 2014).

Pintoi peanut (Arachis pintoi Krapov. & W.C. Greg.) is 
a warm-season perennial legume that has been studied in 
South America during recent decades, with documented 
persistence under grazing on acidic and low-fertility 
soils (Rao and Kerridge, 1994). Pintoi peanut produces 
reasonable amounts of viable seeds, with some genotypes 
producing >1 Mg ha−1 (Carvalho and Quesenberry, 2012). 
Seed production is a desirable characteristic for propaga-
tion and persistence under grazing and also an advantage 
when compared with rhizoma peanut. Ribeiro et al. 
(2012) observed that pintoi peanut was persistent under 
grazing when mixed with ‘Coast-cross’ bermudagrass 
under continuous stocking.

Grazing intensity is one of the main factors affecting 
forage production and nutritive value (Sollenberger et 
al., 2012). Sinclair et al. (2007) reported that ‘Amarillo’ 
pintoi peanut persisted under clipping at different stubble 
heights and frequencies when mixed with kikuyugrass 
(Pennisetum clandestinum Hochst. ex Chiov.) or rhodes-
grass (Chloris gayana Kunth) in Australia. de Andrade 
et al. (2012) observed that pintoi peanut proportion in 
a palisadegrass [Urochloa brizantha (Hocht. Ex A. Rich.) 
RD Webster]–pintoi peanut mixed pasture increased as 
grazing height decreased from 35 to 20 cm. The authors 
concluded that pintoi peanut is more competitive when 
grazed more intensively. Aguiar et al. (2014) observed that 
grazing Jiggs bermudagrass pastures below 17-cm stubble 
height decreased its ground cover and increased the inci-
dence of weeds in comparison with taller grazing heights. 
However, there is limited information about the persis-
tence of pintoi peanut in grass–legume mixtures with 
bermudagrass in subtropical regions. Furthermore, the 
optimum grazing stubble height for bermudagrass pastures 
overseeded with pintoi peanut has not been determined.

The objective of this experiment was to evaluate the 
effect of overseeding Amarillo pintoi peanut into Jiggs 
bermudagrass pastures managed at different grazing intensi-
ties. It was hypothesized that pintoi peanut will persist when 
overseeded in bermudagrass pastures, and it will represent 
a greater proportion of the mixture when grazed at shorter 
stubble heights. Additionally, bermudagrass pastures over-
seeded with pintoi peanut will have greater productivity 
and nutritive value than bermudagrass monocultures.

MATERIAL AND METHODS
Experimental Site
The study was conducted at the Range Cattle Research and 
Education Center, Ona, FL (27°26¢ N 82°55¢ W) from June 
to October (112 d) of 2014 and 2015. The predominant soil 
was a Pomona fine sand (sandy, siliceous, hyperthermic Ultic 
Alaquods). Prior to initiation of the grazing trial, mean soil 
pH (in water) was 5.9. Mehlich-1 extractable P, K, Mg, and Ca 
concentrations in the Ap horizon (0- to 15-cm depth) were 15, 
41, 270, and 850 mg kg−1, respectively.

Treatments and Experimental Design
Treatments were a split-plot design of two sward types ( Jiggs 
bermudagrass monocultures or overseeded with Amarillo 
pintoi peanut, main plots) and two postgrazing stubble heights 
(15 or 25 cm; [SH15 and SH25, respectively]; subplots) with 
main plots arranged in a randomized complete block design 
with four replicates. Amarillo was chosen because it is the only 
forage cultivar of pintoi peanut with commercially available 
seeds in the United States. The shorter stubble height was based 
on the optimum grazing stubble height for Jiggs bermudag-
rass, according to Aguiar et al. (2014), whereas the taller stubble 
height was chosen to provide minimum defoliation. Overall 
stubble height averages for the two experimental years were 
14.8 and 22.0 cm for SH15 and SH25, respectively.

Plot Establishment and Management
Sixteen 0.12-ha pastures were used as experimental units. Jiggs 
bermudagrass pastures were established in 2010 and grazed for 
2 yr. Pastures were mowed at 15-cm stubble height and over-
seeded with 12 kg ha−1 of pintoi peanut seeds using a no-till 
drill (Pasture Pleaser, Agco-Tye) in June 2013. There is limited 
information in the literature about seeding rates for over-
seeding pintoi peanut into warm-season grasses; therefore, the 
seeding rate in this study was based on Cook et al. (1994), which 
stated that 10 kg ha−1 is sufficient for successful stand establish-
ment. The seeds were inoculated with a Bradyrhizobium strain, 
N-DURE (INTX Microbials), at the level of 4 g kg−1 of seed.

In May 2014 and 2015, pastures were fertilized with 13 kg 
P and 50 kg K ha−1 and 2 kg ha−1 of the micronutrient mixture 
F-503 (24 g B kg−1, 24 g Cu kg−1, 144 g Fe kg−1, 60 g Mn kg−1, 
and 56 g Zn kg−1). The fertilization was based on recommenda-
tions from the University of Florida (Mylavarapu et al., 2013). 
Pastures were not fertilized with N because the potential N 
contribution from pintoi peanut to the warm-season grass was 
a response variable of interest, and it would likely be masked by 
the addition of N fertilizer.

Twenty-four beef heifers and 13 nonpregnant cows (Bos 
spp.) with body weights of 386 ± 38 and 505 ± 30 kg, respec-
tively, were used to graze pastures to the target stubble height 
using the mob-stocking method. The grazing period varied from 
4 h to 3 d, followed by a 28-d resting period. The variation in 
the grazing period was caused by differences in herbage accu-
mulation rate (HAR) and canopy height among the different 
treatments and grazing cycles. Stocking density varied from 96 
to 46 animal units (450 kg live weight) ha−1 d−1  for 4 h and 3 d, 
respectively. Blocks were grazed consecutively (i.e., all the exper-
imental units of a given block were grazed before animals were 
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canopy light interception (LI) was measured using AccuPAR 
LP-80 ceptometer (Decagon Devices). Eight readings were 
taken in each experimental unit from 1000 to 1200 h, with 
measurements taken when photosynthetic active radiation was 
at least 600 mmol m−2 s−1. The beam fraction sensor was placed 
at the center of each half of the paddock and four readings were 
taken from representative areas, with the probe placed at ground 
level. Canopy LI was calculated by dividing the transmitted by 
incident light, multiplying by 100, and subtracting from 100.

Nutritive Value
Hand-plucked samples were taken from each experimental unit 
at the target stubble height for crude protein (CP) and in vitro 
digestible organic matter (IVDOM) determination. Samples 
were dried at 60°C and ground in a Wiley mill (Model 4, 
Thomas-Wiley Laboratory Mill, Thomas Scientific) to pass a 
1-mm stainless steel screen. Samples were analyzed for IVDOM 
using the two-stage technique described by Tilley and Terry 
(1963) and modified by Moore and Mott (1974). Nitrogen 
concentration was determined using a micro-Kjeldahl method, 
with a modification of the aluminum block digestion technique 
described by Gallaher et al. (1975). Crude protein was deter-
mined by multiplying N concentration by 6.25.

Statistical Analysis
The response variables were analyzed by fitting mixed-effect 
models using the MIXED procedure of SAS (SAS Institute, 
1996). The model for post- and pregrazing LI, canopy height, 
HM, CP, IVDOM, and HAR had sward type, stubble height, 
month, and their interactions as fixed effects, whereas block 
and year were considered random effects. The fixed effects 
for pintoi peanut ground cover and plant density were stubble 
height, month, and their interaction, whereas year and block 
were considered random effects. For the proportion of pintoi 
peanut in the HM, stubble height was a fixed effect and block 
was random. The proportion of weeds in HM had sward type, 
stubble height, and their interactions as fixed effects and block 
as a random effect. When month was included in the model, it 
was analyzed as a repeated measurement, and the covariance 
structure was selected based on the smallest Akaike informa-
tion criterion value. Normality of residues and homogeneity 
of variances were tested using conditional studentized residual 
plots, and data were transformed if ANOVA assumptions were 
violated. Reciprocal transformation was used in pintoi ground 
cover. Square root transformation was used on weed ground 
cover and postgrazing HM. Logarithmic transformation was 
used on weed ground cover. Square transformation was used 
on pregrazing LI and IVDOM. Means reported are nontrans-
formed least square means. Treatments were considered 
different when P £ 0.10 by LSD test. Pearson correlation coef-
ficients among LI, HM, and canopy height were determined 
using PROC CORR of SAS.

RESULTS AND DISCUSSION
Weather
Average temperatures were similar from June to September, 
decreasing in October, with values in both experimental 
years being close to the 20-yr average (Table 1). Monthly 

moved to the following block). This practice was used because 
the number of animals available for the project was not enough to 
graze all experimental units concurrently. In each grazing cycle, 
grazing in all blocks was done in ?12 d.

There was a total of four grazing cycles per year. Each 
grazing cycle started with the grazing event, followed by post-
grazing and subsequent pregrazing measurements. The animals 
were maintained in adjacent pastures outside of the experi-
mental area during the resting periods.

Pastures were sprayed with 2.3 L ha−1 of carbaryl (1-naphtyl 
methylcarbamate) in September 2014 and June 2015 to control 
spittlebugs (Prosapia bicincta Say). No chemical weed control was 
used because there is no registered herbicide currently available 
for pintoi peanut crops.

Response Variables
Botanical Composition
Pintoi peanut plant density, the proportion of pintoi peanut in 
the ground cover, and the proportion of pintoi peanut in the 
herbage mass (HM) were measured only in pregrazing condi-
tions of the overseeded pastures. Plant density and ground cover 
were evaluated every 28 d. A 0.25-m2 ring was randomly placed 
in 20 locations per experimental unit, and pintoi peanut plants 
were counted. The proportion of ground covered by pintoi 
peanut, bermudagrass, and weeds was visually estimated in the 
same 20 locations. The proportion of pintoi peanut in HM was 
measured at the beginning of the experiment in 2014 and the end 
in 2015. Each experimental unit was sampled before grazing by 
clipping 25 0.05-m2 quadrats to a 2-cm stubble height. Samples 
were hand separated into pintoi peanut and other herbage.

Given the high weed presence in the area during Year 2, the 
proportion of weeds in ground cover and HM was evaluated at 
the end of the experimental period in 2015. The procedure for 
the evaluation of weed ground cover and proportion of weeds 
in HM were the same as described for pintoi peanut.

Herbage Mass and Herbage Accumulation Rate
The double sampling technique (Santillan et al., 1979) was used 
to determine post- and pregrazing HM every 28 d. The indirect 
measure was the settling height of a 0.25-m2 aluminum disk and 
the direct measure involved hand clipping all herbage to a 2-cm 
stubble height. To calibrate the disk, 32 sites (two per exper-
imental unit) were double sampled (i.e., both disk height and 
clipping) across the experiment at each HM sampling event. At 
each site, disk settling height was measured and forage was clipped 
to 2 cm, dried at 60°C for 72 h, and weighed. Herbage mass was 
regressed on disk height to develop a calibration equation using 
the PROC REG procedure of SAS (SAS Institute, 1996). Two 
equations (one for SH15 pastures, and the other for SH25) were 
used to predict pasture HM in both post- and pregrazing condi-
tions using the average disk settling height from 20 locations per 
experimental unit. Herbage accumulation rate was calculated as 
the difference between HM in a pregrazing condition minus the 
previous postgrazing HM, divided by 28 d.

Canopy Height and Light Interception
Pregrazing canopy height was evaluated with a measuring 
stick at 20 random locations per experimental unit. Pregrazing 
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precipitations were relatively similar in June and July in 
both years, with some variations observed in August and 
September (Table 1). Monthly precipitation in August 2014 
was less than in September 2014, whereas the opposite 
pattern was observed in August and September 2015. The 
decrease in monthly precipitation in October was observed 
in both experimental years, and it is in agreement with the 
20-yr average. The summer growing season for tropical 
grasses in southern Florida has its peak from June to August 
(Obour et al., 2011), but temperatures and rainfall usually 
do not decrease until late September or early October.

Botanical Composition
Plant density and proportion of ground cover by pintoi 
peanut were not affected by stubble height; however, 
they were affected by month (Table 2). Plant density did 
not differ in June and July, but it was greater in August; 
however, September plant density was similar to June, July, 
and August plant densities. Similarly, ground cover was the 
greatest in August. The initial and final (2 yr) proportion 
of pintoi peanut in HM were not affected by stubble height 
(1.1 and 8.2%, respectively; SE = 3.22; P > 0.62).

Reasons for the increased density and ground cover 
of pintoi peanut in August were likely related to weather 
conditions. Although there was less rainfall in August 
than in September 2014, average ambient tempera-
ture in August was greater than in other months, as was 
the precipitation in 2015 (Table 2). The lack of stubble 
height effect was consistent among pintoi peanut ground 

cover, plant density, and proportion of HM; however, 
it did not correspond with previous results reported in 
the literature. de Andrade et al. (2012) studied the effect 
of different levels of herbage allowance on mixtures of 
‘BRS Mandobi’ pintoi peanut and ‘Marandu’ palisade-
grass. The authors reported that the proportion of the 
legume ranged from 9.5 to 21% at lesser herbage allow-
ances (greater grazing intensities), whereas at greater 
herbage allowances, the proportion of the legume varied 
from 3.4 to 3.8%. The average stubble heights for the least 
and greatest herbage allowances were 34.6 and 21.3 cm, 
respectively. Ibrahim and ’t Mannetje (1998) indicated that 
the proportion of pintoi peanut in mixtures with either 
palisadegrass or creeping signalgrass [Urochloa humidicola 
(Rendle) Morrone & Zuloaga] increased as stocking rate 
increased (15.5 vs. 26.5% for the stocking rates of 1.75 and 
3.0 animal units ha−1, respectively). Differences in canopy 
architecture and productivity among pintoi peanut geno-
types could be a reason for the discrepancy between 
the present and previous results. de Assis et al. (2008) 
observed that Amarillo had a slightly greater soil cover 
than Mandobi, although it produced slightly less forage. 
Another factor that may have contributed to differences 
between our results and those of earlier studies is the use 
of bermudagrass in the current study vs. palissadegrass 
and creeping signalgrass in previous work. de Andrade 
et al. (2006) mentioned that Ac-01 pintoi peanut colo-
nized the bare ground between the ‘Massai’ guineagrass 
[Megathyrsus maximus ( Jacq.) B.K. Simon & S.W.L. Jacobs] 
tussocks. According to the authors, the bare ground areas 
ranged from 45 to 20% in postgrazing and from 25 to 15% 
in pregrazing conditions during the experimental period. 
Differences in bare ground space between sod-forming 
bermudagrass and tussock-forming Massai, as well as 
differences in the colonization of such spaces by Amarillo 
and Ac-01, could explain the contrasting results.

Despite the absence of stubble height effects, pintoi 
peanut proportion in HM increased during the 2 yr 
after overseeding into bermudagrass. In 3 yr of evalua-
tion, Ibrahim and ’t Mannetje (1998) reported decreasing 
proportions of Stylosanthes guianensis (Aubl.) Sw. and 
Centrosema macrocarpum Benth. when mixed with tropical 
grasses in Costa Rica, suggesting the lack of persistence 
of these legumes in mixtures. Conversely, the authors 

Table 1. Average monthly precipitation and temperature 
during the experimental period and from 1998 to 2017 at the 
Range Cattle Research and Education Center, Ona, FL.

Month
Year June July Aug. Sept. Oct.

Avg. temperature

————————————————  °C ————————————————
2014 25.5 26.2 26.8 25.2 22.7

2015 26.0 26.2 26.5 26.4 23.9

20-yr avg. 25.7 26.4 26.6 25.9 23.2

Rainfall
————————————————  mm ————————————————

2014 166 213 95 296 21

2015 228 205 380 114 43

20-yr avg. 211 175 231 184 53

Table 2. Plant density and ground cover of Amarillo pintoi peanut in mixture with Jiggs bermudagrass as affected by stubble 
heights or months. Data are the least square means across 2 yr of study.

Stubble height† Month
Response variable SH15 SH25 SE P-value‡ June July Aug. Sept. SE P-value§
Plant density (plants m−2) 5.9 5.6 0.48 0.43 4.9b¶ 5.0b 7.4a 5.8ab 0.58 <0.01
Ground cover (%) 5.8 5.9 2.30 0.50 4.2b 4.3b 8.6a 6.5b 2.40 <0.01

† SH15, average stubble height of 14.8 cm; SH25, average stubble height of 22.0 cm.

‡ P-value refers to the effect of stubble height in each variable.

§ P-value refers to the effect of month in each variable.

¶ Means followed by similar lowercase letters within rows are not different (P < 0.10).
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main determinant of N fixation when no other limitations 
like nutrient deficiency or unfavorable edaphic-climatic 
conditions are present. Low N fixation rates were also 
reported by Thomas et al. (1997), who evaluated the N 
fixation of pintoi peanut in mixture with Urochloa dictyo-
neura (Fig. & De Not.) Veldkamp. The authors reported 
averages ranging from 0.7 to 7.4 kg N ha−1 in a 12-wk 
period and related the low values to the low legume 
proportion in HM (ranging from 1.9 to 17.7%) rather than 
the proportion of biologically fixed N2 in total N (ranging 
from 57 to 88%).

There was a stubble height ´ month effect for 
HAR (Table 5). The interaction occurred because HAR 
decreased from June to September in both stubble height 
treatments; however, the decrease was greater for SH15 
than SH25 from June to July, with greater variation for 
SH15 in the subsequent months. The decrease in HAR 
from June to September was due to less favorable tempera-
ture and rainfall (Table 2), and similar trends were observed 
in other bermudagrass trials (Sinclair et al., 2003). The 
lesser HAR in the SH25 treatment likely occurred due 
to the excessive HM, which may result in self-shading, 
accumulation of senescent and nonphotosynthetic residue, 
and reduced photosynthesis, especially on the young basal 
tillers (Adjei et al., 1980; Parsons et al., 1988).

The lesser HAR than observed by Aguiar et al. (2014) 
in Jiggs bermudagrass (?70 kg ha−1 d−1) is due to the lack 
of N fertilization in the current study.

Herbage Mass
Post- and pregrazing HM were not affected by sward type 
(Table 4), although they were affected by stubble height ´ 
month interactions (Table 5). Postgrazing HM decreased 
from June to September for both stubble height treatments; 
however, in the SH15 treatment, it decreased from June 
to August and did not change from August to September, 
whereas for SH25, it decreased from June to July with 
no difference among July, August, and September. Post-
grazing HM was greater in SH25 than in SH15 for all 
months. For pregrazing, both stubble height treatments 
decreased in HM from June to September; however, the 
magnitude of the decrease was greater for SH15. The 
pregrazing HM was similar between the stubble height 
treatments in June, but less for SH15 than for SH25 in the 
following months.

The lack of sward type effect on both post- and 
pregrazing HM is likely related to the low contribution of 
the legume in the canopy. Similarly, the decrease in post- 
and pregrazing HM across the months is consistent with 
the decrease in HAR for both stubble height treatments. 
The greater postgrazing HM observed in SH25 is a result 
of the taller stubble height. The HM ranges observed in 
the present experiment are similar to the values reported 
by Aguiar et al. (2014).

reported constant or increasing proportions of pintoi 
peanut in the same mixtures, indicating greater persis-
tence of this legume.

In the current study, pintoi peanut was established 
without N fertilization. Some studies have shown positive 
effects on legume biomass with this practice (Hojjati et al., 
1978; Woodman et al., 1998). However, negative effects on 
nodulation and biological N2 fixation have been reported 
as well (Woodman et al., 1998). Thomas (1994) observed 
that N fertilizations up to 50 kg ha−1 may increase aboveg-
round biomass of pintoi peanut grown as a monoculture in 
pots; however, further research is necessary to understand 
the effects of such a practice in grass–legume mixtures in 
field conditions.

Weed proportion in ground cover was greater for 
SH25 than for SH15, although the same effect was not 
observed on the proportion of weeds in HM (Table 3). 
There was no effect of overseeding on the proportion of 
weeds in ground cover and HM. Vaseygrass (Paspalum 
urvillei Steud.) was the main weed species observed in 
the SH25, which tends to increase in pastures managed 
under low intensity (Newman et al., 2003). The propor-
tion of weeds in ground cover was close to or greater than 
what was observed by Aguiar et al. (2014) in Jiggs pastures 
managed under different stocking rates. Weed invasion is 
still a critical subject in pintoi peanut pastures, as there 
are no herbicides currently registered for selective weed 
control in the United States.

Herbage Accumulation Rate
There was no effect of sward type on HAR (Table 4), likely 
due to the minimum contribution of pintoi peanut in the 
HM and, consequently, in the N supply to the mixture. 
According to Unkovich et al. (2008), plant growth is the 

Table 3. Percentage of weeds in ground cover and proportion 
in herbage mass (HM) as affected by sward type and stubble 
height treatments. Response variables were measured at the 
end of the experiment in 2015.

Weeds
Treatment† Ground cover Proportion in HM

————————— % —————————

Sward type

 Jiggs 30.9 13.4

 Jiggs–pintoi 40.6 19.7

 SE 5.00 4.41

 P-value‡ 0.13 0.26

Stubble height

 SH15 18.2 12.3

 SH25 53.4 20.7

 SE 4.70 4.41

 P-value <0.01 0.19

†   Jiggs, Jiggs bermudagrass monoculture; Jiggs–pintoi, Jiggs bermudagrass 
pastures overseeded with Amarillo pintoi peanut; SH15, average stubble height of 
14.8 cm; SH25, average stubble height of 22.0 cm.

‡   P-value refers to the effect of either sward type or stubble height treatments within 
each response variable.
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Canopy Height
Overseeding pintoi peanut did not affect pregrazing 
canopy height (Table 4); however, this response variable 
was affected by a stubble height ´ month interaction 
(Table 5). Pregrazing canopy height of SH15 did not differ 
from June to August, decreasing in September, whereas 
it decreased from June to August in SH25. Pregrazing 
canopy heights of SH15 and SH25 were not different, 
except in June, when SH25 was taller than SH15.

Decreases in pregrazing canopy height in both treat-
ments are likely related to decreases in HAR; however, 
SH15 had a greater decrease in HAR and a lesser decrease 

in canopy height when compared with SH25. Addition-
ally, the changes in canopy height were not consistent 
with the changes in post- and pregrazing HM in both 
stubble height treatments, indicating possible differences 
in canopy bulk density between the treatments. Sollen-
berger and Burns (2001) observed that canopy bulk 
density might be affected by several factors, including 
plant species, management practices, and weather condi-
tions. Hodgson (1985) reported that decreases in bulk 
density in tropical grass canopies can be associated with 
lesser bite mass and, depending on the extent, lesser dry 
matter intake.

Considering the average postgrazing canopy heights 
of 15 and 22 cm for SH15 and SH25, the proportion of 
the canopy removed during the grazing events on SH15 
was much greater than on SH25. In fact, to maintain the 
target stubble height in the SH25 treatment, the experi-
mental units were lightly defoliated and, given the regular 
precipitation levels and the poor drainage capacity of the 
soil, the moisture and accumulation of residual biomass at 
the base of the canopy may have favored the appearance 
of spittlebug, which triggered the insecticide application. 
The symptoms were alleviated in the last month of the 
experimental period, likely due to decreased rainfall.

Even though pregrazing canopy height in this experi-
ment was similar to or taller than that recommended 
by Aguiar et al. (2014), the percentage of weed ground 
covered was always greater, especially for the SH25 treat-
ments. Therefore, data indicate that maintaining proper 
height does not assure the persistence of Jiggs independent 
of other factors.

Light Interception
Similar to canopy height, pregrazing LI was not affected 
by sward type (Table 4), although it was affected by stubble 
height (Table 6). Pregrazing LI was greater in SH25 than 
in SH15.

The greater LI for SH25 was likely caused by the greater 
HM in this treatment during 3 of the 4 mo of sampling. 
The HM does not fully explain the LI response, because 
pregrazing HM decreased throughout the growing season 

Table 4. Canopy variables as affected by sward type. Sward types were Jiggs bermudagrass monocultures or overseeded with 
Amarillo pintoi peanut. Data are least square means across two stubble height treatments, 4 mo, and 2 yr of study.

Canopy variable†
Herbage mass Pregrazing 

canopy height
Pregrazing light 

interception
Nutritive value

Sward type‡ HAR Postgrazing Pregrazing CP IVDOM
kg ha−1 d−1 ————— Mg ha−1  ————— cm % ————— g kg−1 —————

Jiggs 28 3.2 4.0 23.7 88.3 103 437
Jiggs–pintoi 19 3.3 3.8 21.9 88.1 98 424
SE 21.3 0.28 0.75 0.72 1.89 2.8 3.8
P-value§ 0.20 0.90 0.44 0.11 0.91 0.17 0.35

† HAR, herbage accumulation rate; CP, crude protein concentration on a dry matter basis; IVDOM, in vitro digestible organic matter concentration in dry matter basis. 

‡ Jiggs, Jiggs bermudagrass monoculture; Jiggs–pintoi, Jiggs bermudagrass pastures overseeded with Amarillo pintoi peanut.

§ P-value refers to the effect of sward type in each variable.

Table 5. Herbage accumulation rate (HAR) and post- and 
pregrazing herbage masses (HM) as affected by stubble 
height ´ month interaction. Data are least square means 
across 2 yr of study.

Month
Variable† June July Aug. Sept. SE

HAR
—————————————— kg ha−1 d−1 ——————————————

SH15 53a‡ 14c 33b 18c 21.8

SH25 26a 17ab 17ab 10b

P-value§ <0.01 0.79 0.08 0.37

Postgrazing HM
—————————————— Mg ha−1  ——————————————

SH15 3.2a 2.7b 1.9c 2.3c 0.32

SH25 4.4a 3.9b 3.9b 3.7b

P-value <0.01 <0.01 <0.01 <0.01

Pregrazing HM
—————————————— Mg ha−1  ——————————————

SH15 4.7a 3.1b 2.8bc 2.8c 0.76

SH25 5.2a 4.4b 4.3b 3.9c

P-value 0.27 <0.01 <0.01 <0.01

Canopy height
———————————————— cm ————————————————

SH15 22.1a 21.4a 24.1a 20.0b 1.10

SH25 25.9a 23.5ab 22.8b 22.8b

P-value 0.02 0.20 0.43 0.10

†  SH15, average stubble height of 14.8 cm; SH25, average stubble height of 22.0 
cm.

‡ Means followed by similar lowercase letters within rows are not different (P < 0.10).

§  P-value refers to the effect of stubble height within each month for each response 
variable, within either post- or pregrazing conditions.
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for all treatments, but LI did not. Therefore, the differences 
in LI may be related to other aspects of canopy architecture. 
According to Braga et al. (2006), canopy height is posi-
tively related to LI, but only up to a certain point, after 
which height increases are associated with a nearly steady 
LI. Fagundes et al. (1999) compared ‘Tifton 85’, ‘Florakirk’, 
and ‘Coast-cross’ bermudagrass under continuous stocking 
at four grazing heights and observed that LI was >97% 
in some treatments. Management practices and weather 
conditions may affect the relation between canopy height 
and LI (de Mello and Pedreira, 2004; Braga et al., 2006). 
The correlation coefficient between pregrazing HM and LI 
in this experiment was r = 0.57, indicating a variable rela-
tionship between them.

As reviewed by da Silva and do Nascimento (2007), the 
maximum herbage accumulation with the least amount of 
senescence may occur when LI is ?95%. However, the 
mean LI in this study did not reach 95%, even in SH25, 
despite the presence of senescent material (>20% of HM, 
data not shown). Considering the presence of senescent 
material, decreased HAR, and weak relationship between 
LI and stubble height, the 95% LI criterion was not an 
effective tool for determining when grazing should be 
initiated in this trial.

Nutritive Value
There was no effect of sward type on CP and IVDOM 
(Table 4), likely due to the low percentage of legume in 
the HM. Thomas (1995) estimated that a range of legume 
biomass of 20 to 31% of HM is needed to maintain the N 
reserves of the soil in moderately grazed pastures receiving 
no N fertilizer. González et al. (1996) reported increased 
HM, CP, and in vitro digestibility of dry matter in the 
biomass of stargrass (Cynodon nlemfuensis Vanderyst. var. 
nlemfuensis) pastures when the grass was in mixture with 
Amarillo. The legume proportion in the mixture ranged 
from 20 to 60% of HM in that study. Vendramini et al. 
(2013) reported increased CP but similar IVDOM and 
HAR for bahiagrass (Paspalum notatum Flüggé) pastures 
overseeded with ‘Ubon’ stylo (Stylosanthes guianensis var. 
vulgaris ´ var. pauciflora) vs. bahiagrass monoculture. 
The average legume proportion across the experiment was 

17% of HM. Although there was an increase in Amarillo 
proportion from 1.1 to 8.2% of HM from the first to the 
second year in our experiment, legume contribution was 
still below the threshold levels for impact suggested by 
Thomas (1995).

Herbage IVDOM decreased from June to September, 
and SH15 had greater IVDOM concentration than SH25; 
however, such effects were not observed in CP (Table 6). 
Sollenberger et al. (2012) reported that greater grazing 
intensity and shorter stubble heights increased forage nutri-
tive value in 66% (n = 41) of grazing trials published in 
the literature. Greater nutritive value is likely due to the 
greater proportion of younger tissue with lesser cell wall 
concentration. In the present experiment, the decrease in 
IVDOM from June to September was likely caused by high 
temperatures in the summer, which can increase lignin 
deposition and decrease forage nutritive value (Vendramini 
et al., 2015). Additionally, there was an accumulation of 
mature plant tissue, which was not uniformly removed 
during grazing events, especially in SH25. Vendramini et 
al. (2013) observed a decrease in CP and IVDOM of bahia-
grass pastures from June to September at the location of 
the current study, and they attributed this response to high 
temperatures during the summer.

CONCLUSIONS
There was no effect of stubble height on pintoi peanut 
productivity; however, an increase in pintoi peanut propor-
tion in the HM over the 2 yr of study indicated that it 
may be a persistent warm-season legume for overseeding 
bermudagrass pastures. Taller stubble height (25  cm) did 
not affect pintoi peanut productivity but decreased nutritive 
value and increased weed proportion in the HM; there-
fore, it is not recommended for Jiggs bermudagrass pastures 
during the growing season. There was no effect of over-
seeding pintoi peanut on canopy height, LI, HM, HAR, 
CP, and IVDOM of Jiggs bermudagrass pastures due to 
the limited contribution of the legume in the mixture. We 
conclude that pintoi peanut is adapted to overseeding in 
mixture with bermudagrass, and pastures should be grazed 
to approximately a 15-cm stubble height when stocked rota-
tionally. The proportion of pintoi peanut in bermudagrass 

Table 6. Light interception (LI), crude protein (CP), and in vitro digestible organic matter (IVDOM) as affected by stubble heights 
and months. Data are least square means across 2 yr of study.

Stubble height† Month
Variable SH15 SH25 SE P-value‡ June July Aug. Sept. SE P-value§
LI (%) 85.2 91.2 1.89 <0.01 87.7 88.6 87.6 89.0 1.94 0.67

CP (g kg−1) 102 99 2.8 0.51 100 105 98 99 2.9 0.13

IVDOM (g kg−1) 443 418 38.1 0.08 444a¶ 429b 432ab 417b 38.1 0.05

† SH15, average stubble height of 14.8 cm; SH25, average stubble height of 22.0 cm.

‡ P-value refers to the effect of stubble height on each response variable.

§ P-value refers to the effect of month on each response variable.

¶ Means followed by similar lowercase letters within rows are not different (P < 0.10).
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pastures was limited in this study. Better management 
practices should be developed to increase the participation 
of pintoi peanut early in stand life so that the benefits of 
greater legume contribution to the forage mixture can be 
achieved in the long term.
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