Coastal bermudagrass and Renner lovegrass fertilization
responses in a subtropical climate
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Abstract

Forage production in subtropical regions usually requires fertil-
ization to meet plant nutrient needs. This study was conducted to
determine the influence of N and P application on yleld response,
nutrient uptake, and apparent fertilizer and water use efficiency of
2 grasses on a subtropical coastal prairie. Treatments consisting of
factoral combinations of 0, 112, and 224kg N/haand 0, 15, and 29
kg P/ha were annually applied to coastal bermudagrass (Cynodon
dactylon (L.) Pers.) and Renner lovegrass (Eragrostis curvula
(Schard.) Ness) on a Sarita fine sand (grossarenic paleustalf) in
South Texas. Cuttings were made 2 to 4 times per year for 4 years.
Soil samples taken annually and plant samples from each cutting
were analyzed for N and P concentration. Forage yields by both
grasses improved dramatically with N application, but to a much
lesser degree with P application. While yields were also strongly
dependent on rainfall level, N substantially improved forage yield
per unit of rainfall received. Forage concentration of both Nand P
increased with increasing application rates of each nutrient.
Apparent fertilizer recovery fluctusted between years, reflecting
stand age and rainfall; however, fertilizer rate had no effect. None
of the fertilizer N not removed in the forage could be found as
inorganic N at the 0 to .3-m soil depth, while up to 20% of the P
applied remained available in the soil. Between 65 and 80% of the
fertilizer applied was not used by the forage grasses. Improvements
in forage yield and quality with N and P fertilization justify their
use, even though inefficiency of fertilizer recovery and use is
substantial.
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Forage production from native rangeland and improved pas-
tures is a major land use in dry, subtropical regions. Forage grasses
constitute the primary crops on most of the mixed-brush rangeland

in the southern Texas and northern Mexico resource area known
as the Rio Grande Plain. Coastal bermudagrass (Cynodon dac-
tylon (L.) Pers.) and ‘Renner’ weeping lovegrass (Eragrostis cur-
vula (Schrad.) Nees) are subtropical grasses well adapted to sandy
sites. Coastal bermudagrass is grown extensively throughout the
southeastern United States. It is a stoloniferous, warm-season
perennial with good yield and moderate forage quality. Renner
lovegrass is a stiff perennial bunchgrass introduced from Africa. It
is planted extensively in the southern United States for conserva-
tion and forage. Lovegrass palatability to grazing animals is lower
than that of many cultivated grasses, frequently giving low rates of
gain (Holt and Dalrymple 1979).

Subtropical conditions increase nutrient requirements by accel-
erating nutrient cycling in the ecosystem (Russel et al. 1974), and
subtropical soils are typically infertile. Forage yields on sandy soils
have shown good responses to applied N in Florida (Blue 1971,
Wallace et al. 1955) and in southern Texas (Mutz and Drawe 1983,
Wiedenfeld et al. 1985). Forage yield responses to P fertilization
have occurred primarily as N becomes nonlimiting (Lorenz and
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Rogler 1972, Wight 1976, Wight and Black 1979). Fertilization has
been shown to increase soil water extraction by forages (Fairbourn
1982, Thomas and Osenbrug 1964, Wight and Black 1978) and to
improve rainfall use efficiency (Wiedenfeld et al. 1985, Wight and
Black 1979). Forage nutrient content in subtropical regions is
typically low (Holt and Dalrymple 1979, Gonzalez and Everett
1982) but increases with fertilization (Prine and Burton 1956,
Wiedenfeld et al. 1985). Nutrient uptake by forages in drier sub-
tropical environments has been shown to be affected by species
(Impithuksa and Blue 1985) as well as by application rate and
rainfall.

This study was conducted to determine the influence of Nand P
fertilization on yield response, nutrient uptake, and apparent fertil-
izer and water use efficiency of 2 grasses established on a dry,
subtropical coastal prairie.

Materials and Methods

A field study was initiated in the spring of 1980 in northern
Willacy County of Texas on a Sarita fine sand (loamy, mixed,
hyperthermic Grossarenic Paleustalfs); a deep, gently undulating,
well-drained soil with an average pH of 6.7 and less than 1%
organic matter content. The area is semi-arid, averaging 68.6 cm of
rainfall annually with peaks in May and August, and subtropical
with an average growing season of 331 days. The study area was
prepared by disking several times to remove native grass competi-
tion and to provide a good seed bed. Coastal bermudagrass sprigs
were hand planted in one 0.2-ha area on 0.5-m centers. Renner

. lovegrass seed was broadcast on another 0.2-ha area at a rate of

2.24 kg/ha and incorporated by rolling.

Plots 3.1 by 10.2 m were established on cach area for annual
fertilizer treatments consisting of 0, 112,and 224 kg N/haand 0, 15
and 29 kg P/ha combined in a factorial arrangements. The 9
treatments were replicated 4 times in a randomized complete block
design for cach grass. All fertilizers were applied broadcast, with
P applied as a single application in the spring of each year as
concentrated super phosphate (0-44-0), and N applied annually as
ammonium nitrate (33-0-0) in 3 split applications (once in the
spring and after each of the first 2 harvests). Rainfall received
annually is shown in Table 1. Adequate rainfall was received in
May 1980 (12.0 cm) to insure establishment of the coastal bermu-
dagrass and germination of the lovegrass; however, during June
and July only 2.3 cm of rainfall was received and neither grass grew
adequately to permit a harvest. All of the P, but only one third of
the N prescribed by the treatment plan were applied in 1980. In

Table 1. Annusl rainfall received at the study site in northern Willacy
County of Texas.

Year Rainfall
—Cm—
1980 63.8
1981 97.9
1982 54.3
1983 71.6
1984 66.0




1982, the third application of N was made in September even
though there was no second harvest.
Prior to the fertilizer applications, soil samples were taken in the

spring of each year from 1980 through 1985. In 1980, soil samples
were taken from random spots throughout the area in depth
increments of 0-0.3, 0.3-0.6, and 0.6-0.9 m. Soil NOs-N was
determined by using a salicylic-sulfuric acid colorimetric proce-
dure on a CaCl; extract. Soil P was determined by extracting with
NHAc-HCI-EDTA at pH 4.2 then using the molybdenum blue
colorimetric method (Jackson 1970). In subsequent years, one soil
sample was taken from each plot to a depth of 0.3 m. These samples
were analyzed for NH,*-and NOs-N content using KCl extraction
and Kjeldahl distillation (Bremner 1965). Available soil P was
extracted with NH,Ac-HCl at pH 4.2 and then the molybdenum
blue colorimetric method.

Yields were determined by harvesting all plots 1 to 3 times each
year. A strip 1.0 by 8.2 m was cut from each plot using a flail-type
harvester and samples were weighed to determine fresh weight. All
remaining forage was removed with the harvester from each plot.
Subsamples were dried at 60° C for 48 hr to convert fresh weights
to a dry weight basis. The forage subsamples were then ground and
analyzed for N and P content. Nitrogen was determined by a
sulfuric-salicylic acid digestion and Kjeldahl distillation; and P was
determined by a dry ashing then a vanadomolybdophosphoric
yellow colorimetric method in a sulfuric acid system (Jackson
1970).

Yields and tissue nutrient concentrations were used to calculate
total N and P removal in each harvest; then N, P, and dry matter
yields were accumulated on an annual basis. Apparent fertilizer
recovery was calculated as the amount of each nutrient in the
forage harvested minus the amount removed from the check plot
for that block where no fertilizer was applied, divided by the
amount of nutrient applied in the fertilizer (Wiedenfeld et al. 1985).

Data were analyzed statistically using response surface-type
multiple linear regression models which included linear and quad-
ratic elements for treatment main effects and also a linear cross-
product term. Where model parameter estimates are given, factors
were chosen for inclusion in the model based on stepwise selection
procedures. All analyses were done using the SAS system for data
analysis (SAS Institute Inc. 1985).

Results and Discussion

Soil analyses prior to the first fertilizer applications showed
NOg™-N levels averaged 9 ppm, and P levels were low to very low! in

the surface 0.3 m. Soil levels of both plant nutrients decreased with
depth. Other plant nutrients were at levels (data not included)
considered not limiting for plant growth.

Increasing N application caused significant linear increases in
total soil inorganic N (NH*-N + NO3~-N) for Renner lovegrass in
1982 and 1983, but only in 1985 for coastal bermudagrass (Fig. 1).
Increases in inorganic soil N with N applied, and increased overall
soil N levels were more likely following drier years and for the grass

* having lower N uptake. Such patterns were small in magnitude and

duration, indicating no long-term trend in inorganic soil N.

Soil P levels showed a significant linear relationship with P
application rate for both grasses each year (Fig. 2). Furthermore,
trends over the four-year period indicated that soil P was being
depleted where No P was being applied, but remained constant
where 15 kg P ha/yr was being applied and accumulated when 29
kg P/ha/yr was being applied. Nitrogen application affected soil P
levels on both grasses in 1985, and N and P application had an
interactive effect on soil P levels in 1982 on Renner lovegrass and in
1983 on coastal bermudagrass (data not shown), each case indicat-
ing a decrease in soil P as N increased.

Forage yields in this study were affected by fertilizer application,
rainfall received, and also by the chronological age of the grasses.

Response surface regression analyses showed forage yield
responses to fertilizer application by both grasses over all years
studied (Figs. 3 and 4). A positive parameter estimate for N2 in the
equations for coastal bermudagrass 3 out of 4 years indicated
increasing yield response per unit of N with increasing N rates. In
the 2 years that the parameter for N2 was significant for Renner
lovegrass yield, the value was negative and indicated a decreasing
marginal benefit from N application. Yield responses indicated
that coastal bermudagrass could have made efficient use of N rates
above those established in this study, while lovegrass yield patterns
suggest a less efficient use of N rates greater than those applied. A

'Texas Extension Soil Testing Laboratory P ratings are: very low 0-5, low 6-10,
medium 11-20, high 21-40, and very high > 40 ppm.
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Fig. 1. Residual soil inorganic N (H*-N + NOys N) at 0-0.3 m depth for 3 rates of N fertilizer application in previous years on 2 grasses.
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Table 2. Fertilization effects on nutrient concentration of the forage grasses at the different harvest dates.

1981 1982 1983 1984
Treatments Grass 06/23 10/06 12/18 06/10 06/29 09/15 12/08 06/10 12/10
N rate (kg/ha) N concentration (%)
0 Coastal 1.94 0.66 1.06 0.82 1.08 0.82 0.86 1.15 0.89
112 bermudagrass 1.80 0.63 1.37 0.77 1.22 0.84 1.01 1.55 1.17
224 1.43 0.73 146 0.82 1.50 1.12 1.19 1.64 1.38
Signiﬁcancel ns ns L#** ns Li“ Q.‘ L“‘ Qlt Lttt
0 Renner 1.67 0.78 1.09 0.65 0.80 0.79 0.87 0.98 0.90
112 Lovegrass 1.69 0.77 1.27 0.72 0.98 0.97 1.03 119 1.18
224 1.45 0.85 1.54 0.84 1.10 1.18 1.14 1.36 1.36
Significance ns —_ L'l‘ Ltt. L“‘ Ll‘. L“. L.t. Lt“
P rate (kg/ha) P concentration (%)
0 Coastal 0.08 0.08 0.09 0.07 0.08 0.09 0.10 0.10 0.07
15 bermudagrass 0.11 0.11 0.12 0.13 0.15 0.16 0.14 0.16 0.11
29 0.12 0.14 0.14 0.16 0.18 0.20 0.18 0.19 0.13
Signiﬁcance L‘. Lt‘. L‘.‘ Lt‘# Q#l L‘.. Lt#‘ — —_
0 Renner 0.08 0.08 0.09 0.07 0.06 0.09 0.09 0.07 0.07
15 Lovegrass 0.11 0.12 0.11 0.10 0.09 0.14 0.11 0.11 0.10
29 0.18 0.15 0.15 0.12 0.10 0.16 0.14 0.13 0.13
Significance L*** L*** Le*» L*s* Q* Loss Lo Lo Le**

I Differences between means were non-significant (ns) or showed linear (L) or quadratic (Q) responses at the 5% (*), 1%(**) or 0.1%(***) level. Where significance is not shown,
interactions occurred.

Table 3. Fertilization effects on total annual nutrient removal by 2 grasses over 4 years.

Coastal bermudagrass Renner Lovegrass
Treatments 1981 1982 1983 1984 1981 1982 1983 1984
N rate (kg/ha) N removal (kg/ha)
0 54.0 9.2 43.2 329 342 11.2 63.4 32.7
112 59.7 18.9 87.8 55.5 458 31.2 115.9 527
224 85.1 375 143.7 84.6 55.1 47.1 121.7 63.1
Significance! Lr** Q* La#* Lr** Las* L##» Qe L+
P rate (kg/ha) P removal (kg/ha)
0 421 1.54 7.98 391 297 2.55 7.16 3.04
15 6.86 324 12.80 5.19 5.07 4.02 12.09 4.57
29 9.14 4.717 16.74 6.25 7.50 5.21 14.18 5.03
Significance Lees — L#** Lese L##e Lees Qrre Lee*
N rate (kg/ha)
0 5.64 1.45 7.86 4.13 424 1.64 8.65 3.42
112 6.24 3.03 13.09 448 5.60 441 13.23 442
224 8.33 5.08 16.57 6.73 5.71 5.73 11.55 4.80
Significance [ase — Le** Les* ns L*e* Q* Le**

! Differences between means were nonsigificant (ns), or showed linear (L) or quadratic (Q) responses at the 5%(*), 1%(**) or 0.1%(***) level. Where significance is not shown,
interactions occurred.

Table 4. Effects of N application on apparent N and P fertilizer use efficiency.

Coastal bermudagrass Renner Lovegrass

Treatments 1981 1982 1983 1984 1981 1982 1983 1984
N rate (kg/ha) N fertilizer use efficiency (%)

112 5.2 8.6 39.8 17.5 10.4 17.8 46.9 17.8

224 139 12.6 49 23.1 9.4 16.0 26.1 13.6
Significance! ns * ns ns ns ns s ns
N rate (kg/ha) P fertilizer use efficiency (%)

0 13.1 5.2 28.8 8.7 10.2 1.1 225 6.7

112 16.6 10.3 30.1 6.3 159 15.4 350 9.7

224 224 18.3 338 9.9 18.3 11.9 28.1 93
Significance ns Le* ns ns ns Q* ns ns

llzl;gempc(ea l)’etween means were nonsignificant (ns), or significant at the 556(*), 1%(**) or 0.1%(***) level. For P fertilizer use efficiency, significant responses were linear (L) or
quadratic (Q).
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Fig. 2. Residual soil available P at 0-0.3 m depth for 3 rates of P fertilizer application in previous years on 2 grasses.

significantly yield response to P application occurred independ-
ently or interactively with N rate in some years for both grasses.

While nutrient availability, principally N, was clearly a limiting
factor on yields, rainfall also strongly influenced production. The
greatest rainfall was received in 1981 but stands of both grasses
were not yet established adequately to produce maximum yields.
More rain was received in 1983 than either 1982 or 1984, and
increased overall yields reflected this benefit. Water received is an
uncontrolled resource which cannot be changed; however, appar-
ent rainfall use efficiency, represented as yield per unit of rainfall,
was increased dramatically in most cases with increasing N appli-
cation (Fig. 5). When N has been reduced as a limiting factor in this
and other studies (Thomas and Osenbrug 1964, Wiedenfeld et al.
1985), yield per unit of rainfall received has often more than
doubled. @

Concentrations of both N and P in forage grasses generally
increased with increasing application rates of each nutrient (Table
2). Nutrient concentrations also varied substantially between harv-
ests, probably reflecting differences in growing conditions. Highest
nutrient concentrations occurred at those harvests producing the
greatest yields, indicating that N taken up was not diluted at high
yield levels; however, P concentrations did suffer a reduction as
yields increased with increasing N rate. Nitrogen concentrations,

particularly when enhanced by N application, indicated a good
quality forage. Recommendations for P levels in cattle diets range
from .18 to .22% depending on the reference and the class of
livestock. Forage P concentrations in this study, however, rarely
reached this range.

Total annual N removal by both grasses was increased substan-
tially with N application, reflecting both the yield response and the
increase in N concentration with increasing N rate (Table 3). Total
P removal represented both increasing forage P concentration with
increasing P applied, and increasing yield with increasing N ap-
plied (Table 3).

Apparent fertilizer recovery fluctuated greatly from year to year,
again reflecting both the age of the stand and rainfall received
(Table 4). When higher rainfall resulted in better yields, the best N
fertilizer recoveries of approximately 45% and the best P fertilizer
recoveries of about 35% were obtained. Average N and P fertilizer
recoveries for both grasses at all application levels over the 4-year
period were 20 and 16%, respectively. In only a few situations did
increasing rate of N application have an effect on apparent Nand P
fertilizer use efficiency. Fertilizer recovery by forages in more
temperate climates is typically somewhat better (Thomas and
Osenbrug 1964). However, compared to annual row crops grown

Coastal Bermudagrass Yield
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Fig.3. Drymatter yields of coastal bermudagrass at the different levels of N and P application. The equation for the response surfacemodel containing the
significant parameters, and the associated R? values are shown for each year.
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Renner Lovegrass Yield
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Fig. 4. Dry matter yields of Renner lovegrass at the different levels of N and P application. The equation for the response surface model containing the
significant parameters and the associated R? values are shown for each year.

in this same environment although on different soil types, N fertil-
izer recovery is roughly the same and P fertilizer recovery by these
forage grasses is better.

The annual soil test for inorganic soil N failed to locate much of
the unutilized fertilizer N which suggested that it had been volatil-
ized shortly after application, bound in the organic fractions of the
soil, or lost due to leaching. For phosphorus, 16% of the amount
applied was accounted for in the forage harvested and an addi-
tional 17 to 20% was accounted for as the increased available soil P
in the top 30 cm as determined by the annual soil tests. The
remainder of the P applied was probably bound in the organic
component or as insoluble P compounds.

Fertilization with both N and P was beneficial to both grasses
studied in terms of yield and quality. The yield responses to P
application were small; however, at low P levels, some forage
species will not persist. Nitrogen application produced a substan-
tial yield benefit, providing strong justification for the need to
apply this nutrient even though the inefficiency of fertilizer recov-
ery and utilization by forage grasses was significant in a subtropi-
cal, semiarid environment.

Literature Cited

Blue, W.G. 1971. Nitrogen fertilization in relation to scasonal Pensacola
bahiagrass (Paspalum notatum Flugge) forage nitrogen and production
on Leon fine sand. Proc. Soil Crop Sci. Fla. 31:75-77.

Yield per Unit of

Coastal Bermudagrass

Bremner, J.M. 1965. Inorganic forms of nitrogen. In: C.A. Black (ed.)
Methods of soil analysis. Part 2. Agronomy 9:1179-1237. Amer. Soc.
Agron., Madison, Wis.

Fairbourn, M.L. 1982. Water use by forage species. Agron. J. 74:62-66.

Gonzalez, C.L., and J.H. Everitt. 1982. Nutrient contents of major food
plants caten by cattle in the South Texas Plains. J. Range Manage.
35:733-736.

Holt, E.C., and R.L. Dalrymple. 1979. Seasonal patterns of forage quality
of weeping lovegrass cultivars. Agron. J. 71:59-62.

Impithuksa, V., and W.G. Blue. 1985, Fertilizer nitrogen and nitrogen-15
in three warm-season grasses grown on a Florida Spodosal. Soil Sci. Soc.
Amer. J. 49:1201-1204,

Jackson, M.L. 1970. Soil chemical analysis. Sixth printing by the author.
Dep. of Soil Sci. Univ. Wisconsin, Madison. p. 174-204. (First published
in 1958 by Prentice-Hall, Inc., Englewood Cliffs, N.J.).

Lorenz, R.J., and G.A. Rogler. 1972. Forage production and botanical
composition of mixed prairie as influenced by nitrogen and phosphorus
fertilization. Agron. J. 64:244-249.

Mutz, J.L., and D.L. Drawe. 1983. Clipping frequency and fertilization
influence herbage yiclds and crude protein content of 4 grasses in South
Texas. J. Range Manage. 36:582-585. )

Prine, G.M., and G.W. Burton. 1956. The effect of nitrogen rate and
clipping frequency upon the yield, protein content and certain morpho-
logical characteristics of coastal bermudagrass (Cynodon dactylon, (L)
Pers.). Agron. J. 48:296-301.

Rainfall

Renner Lovegrass

20 20
15-] 15-] z
E ] ]
< ]
o 10
£ y/ /
£ ]
] |
5- = A 7 N rate (kg/ha)
4 3o
1 Z7A 112
0 ] N 224
1981 1982 1983 1984 1981 982 1983 1984
Year Year

Fig. 8. Dry matter forage yields per cm of annual rainfall received at 3 levels of N application for 4 years by 2 forage grasses.

JOURNAL OF RANGE MANAGEMENT 41(1), January 1988

1"



Russel, D.A., W.J. Free, and D.L. McClune. 1974. Potential for fertilizer
use on tropical forages. p. 39-65. In: D.A. Mays (ed.). Forage fertiliza-
tion, Amer. Soc. Agron., Crop Sci. Soc. Amer. and Soil Sci. Soc. Amer.,
Madison, Wis.

SAS Institute, Inc. 1985, SAS users guide: Statistics, Version 5 edition.
SAS Institute, Inc., Cary, NC.

Thomas, J.R., and A. Osenbrug. 1964. Interrclationships of nitrogen,
phosphorus, and season precipitation in the production of bromegrass-
crested wheatgrass hay. USDA-ARS Production Res. Rep. No. 82.

Wallace, A.T., G.B. Killinger, R.W. Bledsoe, and D.B. Duncan. 1955.
Effect of nitrogen fertilization on the production of pangolagrass and
bahiagrass. Soil Sci. Soc. Fla. Proc. 15:198-207.

Wiedenfeld, R.P., W.T.W. Woodward, and R.R. Hoverson. 1985. Forage
responses of buffelgrass and ‘Pretoria 90° bluestem to nitrogen and
phosphorus fertilization in a subtropical climate. J. Range Manage.
38:242-246.

Wight, J.R. 1976. Range fertilization in the Northeastern Great Plains. J.
Range Manage. 29:180-185.

Wight, J.R., and A.L. Black. 1978. Soil water use and recharge in a
fertilized mixed prairie plant community. J. Range Manage. 31:280-282.

Wight, J.R,, and A.L. Black. 1979. Range fertilization: plant response and
water use. J. Range Manage. 32:345-349,



