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RESEARCH

In the southeastern United States, most forage-based livestock 
systems rely on warm-season perennial grasses such as bermu-

dagrass [Cynondon dactylon (L.) Pers.] and bahiagrass (Paspalum 
notatum Flugge) as the main source of nutrients for animals. In 
Florida, bahiagrass is the predominant cultivated grass, occupying 
~1 million ha in the state (Newman et al., 2011), and is mainly 
used in low-input systems with low (or no) fertilizer inputs. More 
productive grasses such as bermudagrass and limpograss (Hemarthria 
altissima Stapf. and Hubbard) are also important forage crops for 
livestock producers in Florida because of greater herbage accumu-
lation and nutritive value (Vendramini et al., 2010). However, these 
grass species require relatively greater fertilization levels than less 
productive grasses such as bahiagrass (Burton and Hanna, 1995).

While ‘Jiggs’ bermudagrass and ‘Floralta’ limpograss respond 
favorably to N fertilization, these grasses also require large 
amounts of K and P to sustain desirable forage production and 
long-term sward persistence (Snyder and Cisar, 2000; Adjei et 
al., 2001; Sartain, 2002). Reduction in herbage accumulation 
(HA) due to low K and P supply has been documented in sev-
eral previous studies. For instance, Snyder and Kretschmer (1986) 
demonstrated that limpograss and bermudagrass HA decreased 
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ABSTRACT
Despite scientific evidence suggesting that 
warm-season grasses can respond favorably 
to K and P fertilization, the increasing costs of 
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ents are used in pastures and hayfields. Two 
field studies evaluated ‘Jiggs’ bermudagrass 
[Cynondon dactylon (L.) Pers.] and ‘Floralta’ 
limpograss (Hemarthria altissima Stapf. and 
Hubbard) herbage accumulation (HA), nutritive 
value, and persistence to reduced fertilization 
strategies during 2012 to 2014. Treatments were 
allocated in a split-plot design with N (90 or 
180 kg N ha−1, bermudagrass study) or harvest 
frequency (6 vs. 12 wk, limpograss study) as the 
main factors and P (0, 8.7, and 17.4 kg P ha−1) 
and K (0, 33, and 66 kg K ha−1) levels as sub-
plots. Bermudagrass HA increased linearly (up 
to 377% in Year 3) as K level increased. Simi-
larly, K fertilization increased limpograss HA 
from 8.4 to 11.6 Mg ha−1 in 2013 and from 5.8 
to 15.7 Mg ha−1 in 2014 as K levels increased 
from 0 to 66 kg K ha−1; however, no effect was 
observed in 2012. Bermudagrass HA and ground 
cover decreased from 2012 to 2014 in all K treat-
ments. Conversely, decreases in limpograss HA 
and ground cover over time were observed only 
in the control (no K) treatments. Bermudagrass 
and limpograss crude protein concentrations 
generally decreased with increased K level. No 
effects of N or P were observed. Continuous 
aboveground removal without proper K fertiliza-
tion is detrimental to bermudagrass and limpo-
grass production and persistence.
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linearly as K fertilization level decreased. Similarly, Adjei 
et al. (2001) also reported a linear decrease in limpograss 
HA as P fertilization levels decreased. In addition to 
increasing HA, research has also demonstrated that ade-
quate K and P supply is often associated with long-term 
persistence and disease and insect resistance of warm-sea-
son grass pastures (Adams and Twersky, 1960; Keisling et 
al., 1979; Turner and Hummel, 1992; Robinson, 1985; 
Burton et al., 1997). However, the extent of warm-season 
grass responses to K or P fertilization varies considerably 
depending on the forage species, soil type, and manage-
ment history (Adjei et al., 2001). Because N fertilization 
has the greatest potential to increase HA and nutritive 
value, greater levels of N fertilization can also increase K 
and P requirements of forage crops (Anderson et al., 2016)

According to the University of Florida fertilizer rec-
ommendations for bermudagrass and limpograss hayfields 
and pastures, K and P fertilization is required when soil 
tests are low (£25 mg kg−1 of Mehlich-3 extractable P) in P 
or are medium or low (£26 mg kg−1 of Mehlich-3 extract-
able K) in K (Mylavarapu et al., 2013). Recommended P 
and K fertilization levels for established bermudagrass and 
limpograss pastures range from 8.7 to 17.4 kg P ha−1 and 
from 16 to 66 kg K ha−1, respectively. However, numerous 
field observations in Florida suggested that most forage 
producers in the state do not supply adequate K and P 
fertilizer to replace the amounts of these nutrients that 
are exported with harvested forage. Because limpograss 
and bermudagrass can export near equal amounts of N 
and K (Adjei et al., 2001; Anderson et al., 2016), soil K 
deficiency can have major negative impacts on forage pro-
duction and stand persistence. There have been a number 
of recent cases of bermudagrass stand decline reported 
in Florida, mainly in mechanically harvested forage 
production systems due to lack (or inadequate) K fertiliza-
tion (Silveira et al., 2013). These failures were typically 
observed in hayfields receiving N fertilization only and 
harvested multiple times per year. In addition, most soils 
in Florida exhibit low cation exchange capacity and do 
not retain large amounts of K and P, even after receiving 
fertilizer (Erickson et al., 2005); therefore, these nutrients 
can be lost through leaching and often must be applied to 
maintain adequate levels to sustain limpograss and bermu-
dagrass growth and stand integrity.

Another important aspect that supports a more com-
prehensive soil fertility approach is the fact that low K and 
P supply may also limit the ability of the plants to utilize 
the applied N, which, in turn, can also have detrimental 
economic and environmental impacts. While addition of 
N is expected to increase forage HA, it also stimulates 
additional uptake of other nutrients (Robinson, 1996). 
However, when soil K and P availability is limiting, forage 
response to N fertilization can also be reduced (Robin-
son, 1985). Although K and P fertilization is not expected 

to have direct impacts on forage nutritive value, reduced 
N use efficiency due to K and P deficiency may, in turn, 
decrease forage nutritive value. Although the effects of K 
and P on bermudagrass have been extensively examined, 
there is limited information regarding minimum P and K 
fertilization strategies that can sustain adequate limpograss 
and bermudagrass production when these grasses are grown 
in sandy soils (980 g kg−1 sand) with limited nutrient-hold-
ing capacity (cation exchange capacity of 5.5  cmol kg−1 
soil). The objective of this study was to evaluate bermu-
dagrass and limpograss HA, nutritive value, and persistence 
to K and P fertilization. Emphasis was placed on minimum 
fertilization regimens that could maintain optimum HA, 
nutritive value, and stand persistence.

MATERIAL AND METHODS
A 3-yr study was conducted on established Jiggs bermudagrass 
and Floralta limpograss fields at the University of Florida, Range 
Cattle Research and Education Center, Ona, FL (27°23¢  N, 
81°56¢ W, 24 m asl) on an Ona fine sand (sandy, siliceous, 
hyperthermic Typic Alaquods). Before initiation of the study, 
the experimental area was subjected to occasional mechanical 
harvest for hay. The sites had no previous history of P or K fertil-
ization during the past 5 yr. Two experiments, herein referred to 
as bermudagrass and limpograss studies, were established in 2012 
to evaluate forage responses to different P and K fertilization 
strategies. Plot size was 6 ´ 3 m for the bermudagrass study and 
4 ´ 3 m for limpograss, with a 3-m alley between plots. Treat-
ments were allocated in a split-plot arrangement of a randomized 
complete block design with four replicates.

Bermudagrass Study
Treatments were arranged in a split-plot design with N as the 
main plot (90 or 180 kg N ha−1) and P (0, 8.7, and 17.4 kg 
P ha−1) and K (0, 33, and 66 kg K ha−1) as the subplots. The 
fertilization levels of 180 kg N ha−1, 17.4 kg P ha−1, and 66 kg 
K ha−1 corresponded to the University of Florida recommen-
dations for established bermudagrass pastures (Mylavarapu 
et al., 2013). In this study, we also investigated the effects of 
reduced P and K levels (corresponding to 0 or 0.5 times the 
recommended levels) on Jiggs bermudagrass responses. Since 
N fertilization is expected to influence bermudagrass K and P 
requirements (Anderson et al., 2016), two levels of N fertiliza-
tion (90 or 180 kg N ha−1) were evaluated. Nitrogen was applied 
as ammonium nitrate and P and K as super triple phosphate 
and potassium chloride, respectively. Fertilizer was applied on 
1 May 2012, 30 Apr. 2013, and 29 Apr. 2014.

Forage was harvested at 6-wk regrowth intervals for a total 
of four harvests per year. During each harvest, two 1-m ´ 3-m 
forage strips were harvested from each plot to 7.5-cm stubble 
height using a customized John Deer F935 forage harvester. 
The remaining herbage was harvested to the same stubble 
height using a flail harvester and removed from the experimen-
tal area. Forage samples were dried at 60°C for 48 h for HA 
and tissue N, P, and K determinations. Samples were ground 
to pass through a 1-mm mesh screen in a Wiley mill (Model 
4, Thomas Wiley, Laboratory Mill, Thomas Scientific) and 
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lime was applied in March 2012 to increase the pH to the desir-
able level of 5.5 (Mylavarapu et al., 2013).

Statistical Analyses
Response variables for the bermudagrass and limpograss stud-
ies (HA, CP, tissue P and K, IVDOM, canopy height, light 
interception, and ground cover) were analyzed by fitting 
mixed-effects models using the PROC MIXED procedure of 
SAS (SAS Institute, 1996). Replicates were considered random 
effects. In the bermudagrass study, N, P, and K fertiliza-
tion, harvest, and year were considered fixed effects, whereas 
regrowth interval, P and K fertilization, harvest, and year were 
considered fixed effects in the limpograss study. Harvest was 
analyzed as a repeated measurement using the covariant struc-
ture that resulted in the lowest Akaike value. Treatments were 
considered different when P £ 0.05. Interactions not discussed 
were not significant (P > 0.05). The means reported were least 
squares means and were compared using PDIFF (SAS Institute, 
1996). Single degree of freedom polynomial contrasts were 
used to test the P and K fertilization effects and were considered 
significant at P £ 0.05.

RESULTS AND DISCUSSION
Weather Data
Temperature patterns observed during the 3 yr study were 
typical for the region, with exception of below-freezing 
temperatures that occurred in spring (March) 2013 (Fig. 1). 
Freezing events in this region typically occur during the 
months of December to February; thus, the low tem-
peratures experienced in during the spring of 2013 were 
atypical and resulted in negative impacts on forage pro-
duction during the 2013 growing season. Annual rainfall 
observed during the study period was ~20% below the 
average in 2012 and 2013 (~1080 and 1100 mm in 2012 
and 2013, respectively, compared with the 71-yr average 
of 1356 mm) but approached the long-term average in 
2014 (1288 mm). The drought conditions experienced in 
the beginning of the 2013 growing season also contrib-
uted to decreased forage production during that year.

analyzed for total N by dry combustion using a Flash EA 1112-
NC elemental analyzer (CE Elantech). Crude protein (CP) 
was calculated by multiplying N concentration by 6.25. Tissue 
P and K concentrations were determined using the Kjeldahl 
digestion procedure (McKenzie and Wallace, 1954). Phospho-
rus and K contents were calculated as the product of tissue P 
and K concentrations and HA for each plot and harvest. Forage 
samples were also analyzed for in vitro digestible organic matter 
(IVDOM) using the two-stage technique described by Tilley 
and Terry (1963), modified by Moore and Mott (1974). Crude 
protein and IVDOM were measured to describe nutritive value.

Mean undisturbed canopy height was estimated from five 
measurements per plot before each harvest. Light interception 
was measured (three random locations per plot) before each 
harvest using a SunScan (Delta-T Devices). Canopy height and 
light interception were used as indicators of sward conditions in 
response to the various fertilization regimens.

Bermudagrass ground cover and plant density (here defined 
as the number of bermudagrass crowns per unit of area) were esti-
mated visually in the last harvest of 2013 and 2014. A 1-m2 (1 ´ 
1 m) quadrat was placed in the center of each plot. The quadrat 
was divided into 100 10-cm ´ 10-cm squares, and the proportion 
of area covered by bermudagrass and the number of bermudag-
rass crowns were recorded by two observers. The average of two 
observers and two locations per evaluation event was reported.

Limpograss Study
Treatments consisted of a factorial arrangement of two harvest 
frequencies (6- and 12-wk intervals), three P (0, 8.7, and 17.4 kg 
P ha−1), and three K fertilization levels (0, 33, and 66 kg K ha−1) 
allocated in a split-plot arrangement of a randomized complete 
block design with four replicates. Because limpograss is often 
conserved as a stockpiled grass, harvest frequency (four vs. two 
times per year) was intended to mimic typical limpograss har-
vest management in Florida. Harvest frequency was considered 
the main plot, whereas P and K were subplots. All plots received 
180 kg N ha−1 split into two applications of 90 kg N ha−1 each 
(May and August of each year). Phosphorus and K application 
levels evaluated in this study corresponded to 0, 0.5, or 1 times 
the recommended levels for limpograss. Nitrogen was applied 
as ammonium nitrate and P and K as super triple phosphate and 
potassium chloride, respectively. Phosphorus and K fertilizers 
were applied on 8 May 2012, 7 May 2013, and 6 May 2014.

Forage was harvested at 6- or 12-wk intervals to a 20-cm 
stubble height following the same procedure described in 
the bermudagrass study. Limpograss CP, tissue K and P, and 
IVDOM concentrations, canopy height and light intercep-
tion, and ground cover were determined following the same 
procedures described for the bermudagrass study. Herbage 
accumulation is presented by 12-wk regrowth intervals and 
includes one 12-wk or two 6-wk harvests.

Soil Sampling and Analysis
Initial soil samples were collected from the 0- to 15-cm depth 
in February 2012 and analyzed for pH and Mehlich-1 P and K 
extractable concentrations (Mehlich, 1953). At the end of each 
growing season (November 2012, 2013, and 2014), soil samples 
were collected and analyzed for the same selected chemical 
properties. Because initial soil pH was 5 (Table 1), 1 Mg ha−1 of 

Table 1. Selected soil chemical properties (0- to 15-cm 
depth) for bermudagrass and limpograss fertilization trials 
conducted on an Ona fine sand in Ona, FL, during 2012, 2013, 
and 2014.

Mehlich-1
Sampling date pH P K

————— mg kg−1 —————

March 2012 (initial) 5.3b† 11a 6a

November 2012‡ 6.0a 7a 7a

November 2013 5.9a 5a 8a

November 2014 5.8a 8a 7a

SE 0.2 3 1

† Means within a column followed by the same letter are not different using the 
LSMEANS/PDIFF procedure (P > 0.05). Lime was applied at a level of 1 Mg ha−1 
after initial soil sampling event in 2012.

‡ Values represent the average across all treatments.
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Bermudagrass Herbage Accumulation

There was a linear increase in bermudagrass HA as K 
levels increased from 0 to 66 kg K ha−1 (P < 0.0001) 
(Table 2). Averaged across the 3 yr of study, annual ber-
mudagrass HA increased by 160 to 242% relative to the 
control treatments when K was applied at 33 and 66 kg 
K ha−1, respectively. However, the magnitude of differ-
ences between treatments receiving K and no K increased 
from 2012 to 2014. Application of 66 kg K ha−1 increased 
bermudagrass HA by ~ 44, 307, and 376% in 2012, 
2013, and 2014, respectively, compared with the con-
trol treatment. Similarly, at the K level of 33 kg K ha−1, 
bermudagrass HA increased 26% in 2012 compared with 
252% in 2014. These results are consistent with previ-
ous studies that documented bermudagrass HA increases 
in response to K fertilization (Robinson, 1985; Snyder 
and Kretschmer, 1986; Jones and Watson, 1991; Burton 
et al., 1997). However, the magnitude of bermudagrass 
HA increases, attributed to K fertilization observed in the 
current study, was greater than that reported in previous 
reports. Studying common bermudagrass responses to K 
fertilization in two silt loam soils from Arkansas, Slaton 

et al. (2007) observed a ~36% increase in bermudagrass 
HA when K was annually applied at 93 kg K ha−1 (mean 
HA of 14.6 Mg ha−1) compared with the no K treatment 
(mean HA of 10.8 Mg ha−1). In a 4-yr study in Texas, 
Haby et al. (2007) reported a 22% increase in ‘Tifton 85’ 
bermudagrass HA when K was applied at 125 kg K ha−1 
compared with no K application. Similarly, Nelson et al. 
(1983) observed a 50% increase in bermudagrass HA when 
K was applied at an annual level of 156 kg K ha−1 on a fine 
sandy loam soil in east Texas.

Despite the vast literature indicating that warm-
season grasses respond favorably to N (Wilkinson and 
Langdale, 1974; Silveira et al., 2007), no effect (P = 0.17) 
of N application level was observed on bermudagrass HA 
(mean HA of 3.7 Mg ha−1 for treatments receiving 90 kg 
N ha−1 vs. 4.2 Mg ha−1 for the treatments receiving 180 kg 
N ha−1). Lack of bermudagrass response to N occurred 
because K deficiency was likely the main factor limiting 
forage production. Although addition of N increases HA, 
it also stimulates additional uptake of K (Haby et al., 2007; 
Kering et al., 2011); thus, if soil K concentration is low, 
forage response to N fertilization can be also reduced. 

Fig. 1. Observed and 71-yr average monthly rainfall 
and temperature during 2012, 2013, and 2014.

Table 2. Bermudagrass herbage accumulation (HA), density, and ground cover as affected by year x K fertilization level 
interaction.

HA Density Ground cover
K level 2012 2013 2014 2013 2014 2013 2014
——————————————————————————— Mg ha−1 ——————————————————————————— ———————————— % ————————————

0 4.5†a‡ 1.1b 1.1b 37a 33a 31a 34a

33 5.7a 3.2c 4.0b 76a 64b 73a 58b

66 6.5a 4.3c 5.4b 86a 76b 86a 62b

SE 0.3 0.1 202 2.7 2.7

Polynomial contrast§ L*** L*** L*** L***, Q*** L***, Q***

*** Significant at the 0.001 probability level.

† Data are means across two N levels, three P levels, and four replicates (n = 24).

‡ Means within a row followed by the same letter are not different using the LSMEANS/PDIFF procedure (P > 0.05).

§ L, linear; Q, quadratic.
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availability reduced tissue K concentration, rhizome pro-
duction, and overall root vigor with concomitant negative 
impacts on stand integrity.

Bermudagrass Nutritive Value
There was a year ´ K fertilization ´ harvest effect on 
CP concentration (Table 4). Crude protein generally 
decreased linearly as K levels increased from 0 to 66 kg K 
ha−1, with the exception of the first harvest events in 2012 
and 2013 The decreases in CP concentrations in response 
to K fertilization occurred because of a dilution effect as a 
result of greater HA observed in the treatments receiving 
greater levels of K. Regardless of K level, the largest CP 
concentrations were observed in the first harvest event, 
generally decreased as the growing season progressed.

Bermudagrass CP concentrations were affected by N 
fertilization level (P = 0.04), but the N ´ K interaction 
was not significant (P = 0.7). Mean CP concentration 
increased from 132 to 144 g kg−1 as N level increased from 
80 to 160 kg N ha−1. No treatment effect was observed 
on bermudagrass IVDOM. On average, IVDOM 
concentrations observed in the current study ranged from 
362 to 435 g kg−1.

Tissue K concentration was affected by the year ´ K 
level interaction (P = 0.0012) (Table 5). Although tissue 
K concentrations decreased over time for the treatments 
receiving 0 or 33 kg K ha−1, no year effect was observed in 

Similarly, P fertilization showed no effect on bermudag-
rass HA (P = 0.53). A number of previous studies in Florida 
have demonstrated that adequate forage production can be 
obtained using little or no P fertilizer input (Rechcigl et 
al., 1992, 1995; Adjei et al., 1998, 2000). Lack of forage 
response to P fertilization is mainly due to P accumula-
tion in the subsurface Bh horizon, which represents an 
important supply of P to pastures growing on Spodosols 
in Florida (Obour et al., 2011a, 2011b).

Despite the positive effect of K fertilization on ber-
mudagrass HA, there was a decrease in annual HA from 
2012 to 2014 (Table 2). The largest decreases in HA were 
observed for the treatments receiving no K (75 to 77% HA 
reduction in 2013 and 2014 compared with 2012). As K 
levels increased from 0 to 66 kg ha−1, the decrease in annual 
HA over time was less pronounced. At the highest K fer-
tilization level, annual bermudagrass HA decreased by 34% 
in 2013 and 18% in 2014 compared with the 2012 grow-
ing season. These data indicated that K levels being applied 
during the course of this study were not sufficient to sustain 
the same level of production. In addition, lack of rainfall 
and low temperatures experienced in the beginning of 2013 
growing season (Fig. 1) contributed to relatively lesser HA 
during this year. Severe infestation of spittlebug [Prosapia 
bicincta (Say)] experienced in October 2014 across the entire 
experimental area prevented the last harvest from occur-
ring and reduced annual HA in 2014. Although monthly 
average temperature recorded in 2014 was typical for the 
region, seven consecutive days with temperatures <0°C 
that occurred between 16 and 22 Jan. 2014 also decreased 
HA, particularly for the control treatments.

There was an effect of harvest ´ K level interaction 
on bermudagrass herbage mass (Table 3). Herbage mass 
generally increased as K fertilization levels increased, with 
the exception of the last harvest of each year. The great-
est herbage mass was generally in the first harvest of the 
season and decreased as the growing season progressed. 
This response is consistent with other studies that also 
reported temporal variability and relatively slow rate of 
bermudagrass growth late in the growing season (Adjei et 
al., 2001; Slaton et al., 2007).

Corroborating the temporal changes in HA 
throughout the experimental period, there was a year 
´ K fertilization interaction for ground cover and plant 
density. Ground cover and density decreased for all K fer-
tilization levels from 2012 to 2014, particularly for the 
treatments receiving no K (Table 2). Bermudagrass den-
sity and ground cover were 76 and 62%, respectively, in 
the treatments receiving 66 kg K ha−1 compared with ~ 
33% in the control treatment after 3 yr of defoliation. 
Similar results were also reported by Keisling et al. (1979) 
studying ‘Coastal’ bermudagrass responses to K fertiliza-
tion (at levels ranging from 0 to 224 kg K ha−1) on a loamy 
soil in Texas. These authors concluded that inadequate K 

Table 3. Bermudagrass herbage mass as affected by K 
fertilization level and harvest.

Herbage mass†

Harvest 
event

K level Polynomial 
contrast‡0 kg ha−1 33 kg ha−1 66 kg ha−1

————————— Mg ha−1 —————————

2012

  1 1.8a§ 2.3a 2.4a L***

  2 1.1c 1.5c 1.8b L***

  3 1.4ba 1.7b 2.0b L***

  4 0.2dA 0.2d 0.3c NS

  SE 0.09

2013

  1 0.7a 1.6a 2.0a L***

  2 0.2b 0.8b 1.1b L***

  3 0.2b 0.8b 1.2b L***

  4 0.07b 0.2c 0.3c NS

  SE 62

2014

  1 0.2b 1.2b 2.1a L***

  2 0.7a 1.8a 1.9a L***

  3 0.2b 1.0b 1.3b L***

  SE 0.1

*** Significant at the 0.001 probability level.

† Data are means across two N levels, three P levels, and four replicates (n = 24).

‡ L, linear; NS, not significant.

§ Means within column followed by the same lowercase letter are not different using 
the LSMEANS/PDIFF procedure (P > 0.05). 
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the treatments receiving the greatest K level (66 K ha−1). 
Tissue K concentrations observed in the current study 
were smaller than those reported in previous studies with 
bermudagrass (Sartain, 2002; Haby et al., 2007; Slaton et 
al., 2007), possibly due to the insufficient K fertilization 
levels and low soil K concentrations. No effect of K fer-
tilization was observed on tissue P concentration (average 
tissue P concentration of 2.7 g kg−1). However, tissue P 
concentration increased linearly (P < 0.0001) in response 

to P application. On average, tissue P concentrations were 
2.3 g kg−1 for the control treatment and 2.6 and 2.7 g 
kg−1 for the treatments receiving 8.7 and 17.4 kg P ha−1, 
respectively. Silveira et al. (2011) observed that tissue P 
concentrations >15 g kg−1 showed no effect on bahiagrass 
HA. In spite of the greater tissue P concentrations, there 
was no increase in HA with greater P fertilization levels. 
This result suggested that soil P levels were likely suffi-
cient to maintain bermudagrass growth.

Jiggs Light Interception, Canopy Height,  
and P and K Accumulation in the 
Aboveground Biomass
Light interception and canopy height were affected by the 
year ´ K interaction (P < 0.0001) (Table 5). Light inter-
ception and canopy height increased linearly as K level 
increased. Similar to HA, light interception and canopy 
height decreased with time. The largest reductions in 
canopy height occurred in the treatments receiving no K 
(39 cm in 2012 vs. 6.3 cm in 2014).Canopy light intercep-
tion values obtained in the current study were generally 
below the optimum level of 95% proposed by da Silva and 
Nascimento (2007) and da Silva et al. (2015) for warm-
season grasses. The only exception was the treatment 
receiving the greatest K level, which exhibited 97% light 
interception in 2012. The reduction in light interception 
with time was consistent with the decrease in bermudag-
rass ground cover.

Year and K level showed significant (P < 0.0001) 
effects on P and K content in the aboveground bio-
mass. Increased level of K fertilization generally resulted 
in increases in bermudagrass K and P content (Table 6). 
Average K content reported in this study (range of 13.7 to 
51.2 kg K ha−1) was smaller than those reported in previ-
ous studies for other bermudagrass cultivars. Haby et al. 
(2007) and Slaton et al. (2007) reported K uptake ranging 
from 130 to 257 kg K ha−1 in common and Tifton 85 ber-
mudagrass plots receiving no K fertilization. Since annual 

Table 4. Bermudagrass crude protein concentration as 
affected by K fertilization level and harvest.

Crude protein†

Harvest 
event

K level Polynomial 
contrast‡0 kg ha−1 33 kg ha−1 66 kg ha−1

————————— g kg−1 —————————

2012

  1 174a§ 172a 169a NS

  2 157b 126b 150b Q**

  3 139c 127b 122c L***

  4 149c 141b 134bc L***

  SE 7

2013

  1 165a 164a 154a NS

  2 151b 134b 124bc L***

  3 146b 127b 116c L***

  4 136c 132b 127b L*

  SE 3

2014

  1 163a 142a 126a L***

  2 130b 107c 96c L***

  3 140c 127b 114b L***

  SE 4

* Significant at the 0.05 probability level.

** Significant at the 0.01 probability level.

*** Significant at the 0.001 probability level.

† Data are means across two N levels, three P levels, and four replicates (n = 24).

‡ NS, not significant; L, linear; Q, quadratic.

§ Means within a column followed by the same lowercase letter are not different 
using the LSMEANS/PDIFF procedure (P > 0.05).

Table 5. Bermudagrass crude protein, tissue K concentrations, height, and light interception as affected by year and K 
fertilization level.

Tissue K Height Light interception
K level 2012 2013 2014 2012 2013 2014 2012 2013 2014
kg ha−1 ———————— g kg−1 ———————— ————————— cm ————————— ————————— % —————————

0 6.4†a‡ 3.8b 3.7b 39a 29b 6c 71a 71a 62b

33 8.1a 6.9b 6.8b 43a 40b 11c 91a 85b 82b

66 10.4a 9.9a 9.8a 44a 43a 13b 97a 87b 85b

SE 0.3 1 1.3

Polynomial contrast§ L*** L** L** L** L*** L*** L*** L** L**

** Significant at the 0.01 probability level.

*** Significant at the 0.001 probability level.

† Data are means across two N levels, three P levels, and four replicates (n = 24).

‡ Means within row followed by the same letter are not different using the LSMEANS/PDIFF procedure (P > 0.05).

§ L, linear.
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Jiggs bermudagrass HA was comparable with reports in 
the literature, differences in K content are mainly due 
to small tissue K and soil K concentrations observed in 
the current study. Bermudagrass P and K contents also 
decreased with time. Phosphorus and K contents observed 
in 2014 were ~42 to 45% smaller than the values reported 
in 2012. This response suggested that ability of bermu-
dagrass to utilize K and P supplied either from fertilizer 
or soil reserves likely declined over time. No effect of N 
fertilization on P or K accumulation was observed (P = 
0.27 and 0.44, respectively).

Limpograss HA
There was a year ´ K fertilization level effect on lim-
pograss HA (Table 7). The interaction occurred because 
there was no effect of K fertilization in 2012; however, 
K fertilization increased HA linearly in 2013 and 2014. 
Limpograss HA observed in this study is consistent with 
previous reports (Snyder and Kretschmer, 1986; Adjei et 
al., 1998, 2001). Compared with the control treatments 

(no K), K fertilization at the 66-kg K ha−1 level increased 
limpograss HA by 38% in 2013 and 173% in 2014. With 
the exception of the treatments receiving no K, limpo-
grass HA did not decrease over time. Results indicated 
that, when fertilized with K, limpograss HA at the end 
of the 3-yr study either remained the same (treatments 
receiving 33 kg K ha−1) or increased (K level of 66 kg K 
ha−1) compared with the first year. Conversely, when no K 
was applied, limpograss HA decreased ~32% in 2013 and 
2014 compared with 2012.

The largest differences between control and treat-
ments receiving K were observed in 2014. These results 
were consistent with Nelson et al. (1983), who also 
documented negligible effects of K fertilization on ber-
mudagrass HA in the first year. These authors reported 
that, as soil K became depleted, larger increases in forage 
yield were observed during the second and third years of 
the study. Adjei et al. (1998) reported no effect of K on 
limpograss HA during the first year of study; however, 
these authors observed a 34% increase in limpograss HA 
in Year 2 for treatments fertilized with K (56 kg K ha−1) 
and P (29 kg P ha−1). Corroborating our results, Adjei et 
al. (2001) observed no limpograss response to K fertiliza-
tion (at levels of 0 to 148 kg K ha−1) in Year 1; however, a 
quadratic response was observed in Year 2, with the great-
est HA obtained at K levels of 74 kg K ha−1.

Limpograss harvested at 12 wk had greater HA than 
the 6-wk (12.9 vs. 8.9 Mg ha−1, P < 0.0001, SE = 327) 
frequency. This difference corresponded to ~ 44% more 
biomass by extending the harvest frequency from 6 to 
12 wk. No effect of P fertilization on limpograss HA was 
observed (P = 0.57, SE = 400, mean = 11.0 Mg ha−1).

There was a linear increase in limpograss density and 
ground cover as K levels increased (Table 7). In absence 
of K fertilization, limpograss density and ground cover 
decreased ~22% in 2014 compared with the previous year. 

Table 6. Bermudagrass P and K content in the aboveground 
biomass as affected by K fertilization level and year.

Effect P content K content
———————— kg ha−1 ————————

K level

  0 kg ha−1 6.5c† 13.7c

  33 kg ha−1 11.9b 37.1a

  66 kg ha−1 14.7a 35.5b

  SE 0.7 1.7

Year

  2012 16.3a 51.2a

  2013 7.3b 29.4b

  2014 9.5c 28.3b

  SE 0.7 1.6

† Means within a column followed by the same letter are not different using the 
LSMEANS/PDIFF procedure (P > 0.05).

Table 7. Limpograss herbage accumulation (HA), density, ground cover, crude protein, and K and P content in aboveground 
biomass as affected by year ´ K fertilization level interaction.

K 
fertilization 
level

HA Density Ground cover Crude protein P content K content

2012 2013 2014 2013 2014 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013 2014

—————————— kg ha−1 —————————— ———————— % ———————— ————— g kg−1 ————— ———————————— kg ha−1 ————————————

0 12.4†a‡ 8.4b 5.8c 91a 71b 87a 68b 61.9b 66.6ab 70.5a 15.9a 11.2b 9.1b 66.9a 26.8b 18.8b

33 11.06ab 9.8b 12.0a 92a 88a 93a 87a 62.2a 61.8a 64.2a 14.4a 12.3b 14.8a 77.1a 49.1b 51.4b

66 12.1b 11.6b 15.7a 94a 94a 94a 92a 61.8a 60.1a 58.0a 15.1ab 14.1b 17a 92.6a 69.0b 80.9a

SE 694 1.2 1.4 1.0 6.6

Polynomial 
contrast

NS§ L*** L*** L** L*** NS L* L** NS L* L*** L***

* Significant at the 0.05 probability level.

** Significant at the 0.01 probability level.

*** Significant at the 0.001 probability level.

† Data are means across two N levels, three P levels, and four replicates (n = 24).

‡ Means within a row followed by the same letter are not different using the LSMEANS/PDIFF procedure (P > 0.05).

§ NS, not significant; L, linear.
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No decline in limpograss ground cover or density over 
time was observed when K was applied. No effect of lim-
pograss harvest frequency on ground cover or density was 
observed (P = 0.38)

Limpograss Nutritive Value
There was a year ́  K fertilization level interaction effect on 
CP concentration. The interaction occurred because lim-
pograss CP decreased with increasing K in 2013 and 2014, 
but there was no difference in 2012. Crude protein concen-
tration decreased ~9% in 2013 and 17% in 2014 as K levels 
increased from 0 to 66 kg K ha−1 (Table 6). This response 
occurred because of greater limpograss HA in response to 
K application, thus resulting in a dilution of N.

Limpograss harvested at 6 wk had greater CP concen-
trations (79.7 g kg−1) than the 12-wk regrowth interval 
(79.7 vs. 46.3 g kg−1, P < 0.0001, SE = 2). Similarly, 
IVDOM also decreased from 556 to 522 g kg−1 as harvest 
frequency increased from 6 to 12 wk, respectively. Crude 
protein and IVDOM concentrations observed at the 6-wk 
harvesting frequency were consistent with the values 
reported by Adjei et al. (1998; 2001). In general, nutri-
tive value of warm-season grasses decreases with longer 
regrowth interval due to increase in cell wall and decrease 
in cell contents (Coleman et al., 2004).

Limpograss tissue P and K concentrations were affected 
by K fertilization level and regrowth interval (Table 8). 
Similar to CP concentrations, tissue P and K concentra-
tions decreased with increased K level. Although tissue P 
and K concentrations reported in the current study were 
consistent with the data published by Adjei et al. (1998) 
on similar soil and environmental conditions, unlike our 
results, these authors reported a 55% increase in limpograss 
tissue K concentrations with K fertilization. Increasing 
regrowth interval from 6 to 12 wk also resulted in smaller 
tissue P and K concentrations. At the 6-wk harvest fre-
quency, average tissue P and K concentrations were 1.8 and 
6.4 g kg−1, respectively. When limpograss was harvested 

at 12-wk intervals, average tissue P and K concentrations 
decreased to 1.1 and 3.6 g kg−1, respectively. As mentioned 
above, greater HA at greater regrowth interval resulted in 
dilution effects of the nutrients in the plant tissue.

Limpograss Light Interception, Canopy 
Height, and P and K Accumulation  
in Aboveground Biomass
Light interception and canopy height were affected by K 
levels and harvest frequency (P < 0.0001) (Table 8). Light 
interception and canopy height increased linearly as K level 
increased. Similar to HA, light interception and canopy 
height increased ~57 and 19%, respectively, as interval 
between harvests increased from 6 to 12 wk. Light inter-
ception observed in this study ranged from 75 to 82%, 
which was below the optimum level of 95% proposed by 
da Silva and Nascimento (2007). However, because lim-
pograss HA obtained in the current study was similar to 
previous reports (Snyder and Kretschmer, 1986; Adjei et al., 
1998) and treatments receiving the greatest K level exhib-
ited satisfactory stand persistency (as evidenced by 92% 
ground cover at the end of the 3-yr study), it is possible 
that 95% light interception may not be a reliable indicator 
of optimum HA or stand integrity for limpograss. Similar 
results have also been reported by Aguiar et al. (2014), who 
observed a poor correlation between light interception and 
Jiggs bermudagrass HA and ground cover.

Limpograss P and K contents generally increased 
linearly as K levels increased (Table 6). This response 
occurred because greater HA was associated with 
increased K level. Potassium accumulation in aboveg-
round tissue observed in the current study was smaller 
than in most reports for bermudagrass.

Selected Soil Chemical Properties
Fertilization treatments showed no effect on soil pH and 
extractable K and P concentrations. At the end of the 
3-yr study, soil P (15 mg kg−1) and K (7 mg kg−1) levels 
remained within the low range (Table 1) for bermudag-
rass and limpograss, suggesting that plant uptake and 
leaching provided heavy demands on K supply. Results 
observed in the current study are in agreement with Adjei 
et al. (2001), who observed no increases in soil K or P 
levels in response to fertilization levels similar to those in 
the current study. Haby et al. (2007) reported no effect 
of fertilization on soil properties when K was applied at 
annual levels <125 kg K ha−1; however, these authors 
observed a linear increase in soil K test as K fertiliza-
tion levels increased to 250 or 373 kg K ha−1. Miller and 
Dickens (1996) also observed linear increases in extract-
able soil K (from 20 to 204 kg K ha−1 in a loamy sand and 
from 12 to 193 kg K ha−1 in a sand-peat medium) as K 
levels increased from 0 to 390 kg K ha−1. Soil K concen-
trations were below the recommended level of 30 mg K 

Table 8. Limpograss tissue P and K concentrations, height, 
and light interception as affected by K fertilization level and 
harvest frequency.

Effect Tissue P Tissue K Height
Light 

interception
————— g kg−1 ————— cm %

K level

  0 kg ha−1 1.5c† 3.8c 40b 74b

  33 kg ha−1 1.4b 5.1b 42b 80a

  66 kg ha−1 1.3a 5.9a 45a 82a

  SE 0.08 0.1 1 2

Harvest frequency

  6 wk 1.8a 6.4a 34b 72b

  12 wk 1.1b 3.6b 53a 86a

  SE 0.1 1 2

† Means within a column followed by the same lowercase letter are not different 
using the LSMEANS/PDIFF procedure (P > 0.05).
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kg−1 (Melich-1) suggested by Sartain (2002) for optimum 
bermudagrass growth. Despite the low soil P levels, no 
increase in bermudagrass or limpograss HA in response 
to P fertilization was observed during the 3-yr study.

SUMMARY AND CONCLUSIONS
Potassium fertilization generally increased bermudag-
rass and limpograss HA linearly as K levels increased. 
However, bermudagrass HA observed in 2013 and 2014 
was significantly less than that obtained in 2012, indi-
cating that K fertilization levels evaluated in this study 
were insufficient to sustain the same level of HA and 
maintain the integrity of bermudagrass stands during 
the 3-yr study. The stand loss under limited levels of 
K fertilization should be considered in the economics 
and fertilization recommendations for bermudagrass. 
When bermudagrass is harvested multiple times per 
year, repeated applications of N and K will likely be 
required to optimize forage production, nutritive value, 
and stand persistence.

Compared with the data obtained in the first year of 
study, limpograss HA in 2014 was either the same (for 
treatments fertilized with 33 kg K ha−1) or increased 
(K level of 66 kg K ha−1). Limpograss stand loss only 
occurred in the treatments receiving no K. These data 
imply that limpograss requires smaller K fertilization 
levels than those required by Jiggs bermudagrass. No 
effect of P fertilization was observed on bermudagrass 
or limpograss responses, indicating that adequate levels 
of forage production can be obtained without additional 
P fertilizer inputs. Potassium and P fertilization showed 
no effect on soil pH and extractable P and K concentra-
tions. Our data indicated that continuous aboveground 
removal without proper K fertilization resulted in poor 
bermudagrass and limpograss performance and concom-
itant stand loss. Adequate K supply is essential to sustain 
bermudagrass and limpograss productivity and long-
term persistence.
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