Influence of Two Fertilizer Levels on Forage and
Crude Protein Yields of Seven Tropical Grasses'

Jaime Vélez-Santiago and J. A. Arroyo-Aguilu®

ABSTRACT

Two levels of a commercial fertilizer, analysis 15-5-10, (intermediate—2240
and high—4,480 kg/ha/year) were evaluated for green forage (GF), dry forage
(DF), and crude protein (CP) yields and dry matter (DM) content of sienderstem
digit (Digitaria pentzii), common Guinea (Panicum maximum), Makueni (Panicum
maximum) Coastcross-1 Bermudagrass (Cynodon dactylon), Callie (Cynodon
plectostachyus), Stargrass (Cynodon nlemfuensis var. nlemfuensis), and Carib
(Eriochloa polystachya) grasses. Mean crude protein, phosphorus, potassium,
calcium and magnesium contents at the intermediate and high levels, respec-
tively, were 7.6, 8.7, 0.29, 0.25, 1.97, 2.02, 0.45, 0.49 and 0.23, 0.24. Grasses
were cut 17 times at a 45-day interval for 765 consecutive days. Mean DF yield
for the seven grasses increased 29% as a resuilt of the higher fertilizer level.
Significant differences in GF and CP yields occurred among grasses at the
two fertilizer levels. At the intermediate fertilizer level, DF yields ranged from
22,364 to 34,717 kg/ha per year for Carib and Slender-stem digitgrass, re-
spectively. At the high fertilizer level, the variation was from 31,188 to 43,126
kg/ha per year for Carib and Makueni grasses, respectively. During the short
cool days from October 15, 1977 to February 27, 1978, Slenderstem digit and
Makueni grasses significantly outyielded (P = .05) common Guinea, Star, and
Carib grasses in total DF yields.

INTRODUCTION

Forage and crude protein (CP) yields of most tropical grasses are
greatly reduced throughout Puerto Rico during the short cool days.
Vicente-Chandler et al. (11) reported that dry forage (DF) yields are only
about half as high during the winter months (from December through
March) as during the rest of the year. Sotomayor-Rios et al. (3, 4)
reported similar findings for different tropical grasses in the humid
mountain region of Puerto Rico.

Dry forage (DF) yields increase during the period of short cool days if
better yielding species are used. Vazquez (6) reported that during the
cool period from January to February in the Lajas Valley of Puerto Rico,
Para (Brachiaria mutica)® grass outyielded common Guinea (Panicum
maximum) grass by 1,951 kg of DF per ha. Vélez-Santiago et al. obtained
significant differences among cultivars of Bermudagrass (Cynodon dac-
tylon) (8) and Napier (Pennisetum purpureum) (7) in the humid region
of Puerto Rico.

In Florida, the DF yields of Slenderstem digitgrass (Digitaria pentzii)
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exceeded by 35% those of common Pangola grass (Digitaria decumbens),
although total annual GF yields were the same (2). Grof and Harding (1)
reported that Panicum maximum PRPI 349676 significantly outyielded
(P = .01) seven other Panicums during the cool season in North Queens-
land. Also in Queensland, Strickland (5) reported that the mean cool
season yields of Paspalum nicorae exceeded those of Pangola grass by
150%.

Another method of increasing DF yields during the period of short cool
days in Puerto Rico is by applying more nitrogen (9, 10, 11).

The present study was undertaken to evaluate the annual and winter
season yield performances of seven tropical grasses. Green forage (GF),
DF, and CP yields were determined for each grass subjected to two
fertilizer rates.

TABLE 1.—Identification of 7 forage grasses

Species USDA PI! PRPI? Common name®

Digitaria pentzii 300935 11537 Slenderstem
digitgrass

Panicum maximum — Commercial Common Guinea

P. maximum® 349676 12917 Makueni Guinea

Cynodon sp. 255455 11504 Coastcross-1
bermuda

C. plectostachyus — 13330 Calliegrass

C. nlemfuensts var. — Commercial #2341 Stargrass

nlemfuensis
Eriochloa polystachya Commercial Caribgrass

! United States Department of Agriculture plant introduction number.
2 University of Puerto Rico Agricultural Experiment Station plant introduction number.
3 All this material except Common Guinea and Carib grasses was introduced through

the S-9 (H-94) research project.
* Commonwealth plant introduction 37910 number from North Queensland.

MATERIALS AND METHODS

The experiment was conducted at the Corozal Research and Develop-
ment Center, located in the humid region of Puerto Rico. The soil is a
Corozal clay (Ultisol), with 0-2% slope. The soil was top-dressed with
2,240 kg of calcium carbonate at the time of planting and after the first
year of experimentation to sustain soil pH at approximately 5.8.

Table 1 shows identification of the seven grasses. Common Guinea
and Star (Cynodon nlemfuensis var. nlemfuensis) were used as control
grasses. The experimental layout was a split plot design with the grasses
assigned to main-plots, replicated four times. Fertilizer levels 2,240
(intermediate) and 4,480 (high) kg/ha/yr, of a commercial 15-5-10 analy-
sis were applied to sub-plots. Main-plots were 27.88 m? and sub-plots
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13.94 m® An alley of 0.92 m wide was left between main plots, and 0.31
m wide between sub-plots.

All grasses were harvested at a 45-day interval. Guinea grass plots
were harvested at approximately 23 ¢cm above the ground, the rest of the
grasses at 8 cm. At each cutting, GF was weighed, sampled, dried at 55°
C in a forced air oven, and ground in a Wiley mill to pass through a 1-
mm screen.

DM was determined for all samples. At each of the 17 cuttings, samples
were composited over replications and each treatment was analyzed for
N, P, K, Ca, and Mg. CP content was computed as N X 6.25.

The data for the 17 cuttings were statistically analyzed for GF, DF,
and CP yields and DM content, following the analyses of variance in
Duncan’s multiple range test. To evaluate the yield performance of the
grasses during the period of short cool days, the three harvests from
October 15, 1977 to February 27, 1978 were also analyzed as a group.

During the first and second year, rainfall totaled 1,630 and 1,610 mm,
respectively. During the 765-day period, the grasses received 11 sprinkle
irrigations, or approximately 280 mm of additional moisture.

RESULTS AND DISCUSSION

Table 2 and figure 1 show the mean GF, DF, and CP yields of the
seven grasses on the basis of 17 cuttings over a period of 765 days. At
the intermediate fertilizer level, GF yields for Slenderstem digit, common
Guinea, and Makueni (Panicum maximum PRPI 12917) were signifi-
cantly higher than for the remaining grasses. At both fertilizer levels, the
DM content was generally higher in Coastcross-1 (Cynodon dactylon)
(PRPI 11504), Callie (Cynodon plectostachyus PRPI 13330), and Star
grass than in the other species. In all grasses the DM content was highest
at the intermediate fertilizer level.

At the intermediate fertilizer level, Slenderstem digit yielded more DF
than Callie, Star, and Carib (Eriochloa polystachya) grasses. At the high
fertilizer level, the Makueni cultivar significantly outyielded Coastcross-
1, Star, and Carib grasses.

At the intermediate fertilizer level, Slenderstem digit CP yields were
higher than those of Makueni, Callie, Star, and Carib grasses, whereas
at the high fertilizer level, Slenderstem outyielded Carib grass only.

Table 3 and figure 2 show the GF and DF yields and the DM content
for the three cuttings during the short cool days of the year. Slenderstem
digit, common Guinea, Makueni, and Carib grasses were the highest GF
yielders; Coastcross-1, Callie, and Star grasses were the lowest yielders.
Coastcross-1 and Callie grasses had the highest DM content; Carib and
common Guinea grasses had the lowest. Slenderstem digit DF yields



TABLE 2.—Mean yield of green and dry forage and crude protein and contents of dry matter of seven tropical grasses fertilized at two levels
and cut every 45 days during a period of 765 days at Corozal, Puerto Rico

Intermediate fertilizer level High fertilizer level
Common name Green Dry Dry Crude Green Dry Dry Crude
forage matter forage protein forage matter forage protein
yield content yield yield yield content yield yield
kg/ha/yr % kg/ha yr kg/ha/yr kg/ha/yr % kg/ha/yr kg/ha/yr
Slenderstem digitgrass 133,949 a! 26.33 ¢ 34,717 a 3,393 a 162,551 ab 24.13 ¢ 38,474 ab 4,371 a
Common Guinea 136,389 a 23.71b 32,082 ab 2,886 ab 186,769 a 22.24d 40,589 ab 4,086 a
Makueni Guinea 130,867 a 24.85 cd 32,066 ab 2,570 be 185,118 a 23.75 ¢d 43,126 a 3,830 ab
Coastcross-1 bermuda 90,115 b 32.10 ab 28,244 abc 2,810 ab 124,515 cd 29.76 b 35,726 be 4,122 a
Calliegrass 81,487 b 33.23 a 26,813 be 2,554 be 129,045 cd 31.46 a 39,369 ab 4,020 a
Stargrass 84,878 b 30.60 b 25,267 ¢ 2,571 be 111,821d 28.84 b 31,716 ¢ 3,634 ab
Caribgrass 94,027 b 24.40d 22,364 ¢ 2,084 ¢ 144,668 bc 22.11.d 31,188 ¢ 3,160 b
X 107,387 27.87 28,793 2,695 149,212 26.04 37,170 3,889

! Means in the same column followed by one or more letters in common do not differ significantly at the 5% probability level.
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Fi16. 1.—Effect of two fertilization rates on the yield of forage and crude protein

seven tropical grasses at Corozal, Puerto Rico.
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TABLE 3.— Yields and dry matter content of seven tropical grasses fertilized at two levels

and cut every 45 days from October 15, 1977, to February 27, 1978

Green Dry Dry Crude
Common name forage matter forage protein
yield content yield yield
kg/ha % kg/ha kg/ha
Slenderstem digitgiass 48,867 a' 22.53 cd 10,873 a 939 a
Calliegrass 35,070 be 28.09 a 9,758 ab 785 be
Makueni Guinea 44,809 a 23.89 be 10,658 ab 735 be
Coasteross-1 bermuda 35,023 be 27.71 a 9,651 ab 845 ab
Common Guinea 41,530 ab 21.93 cd 9,056 bc 707 be
Caribgrass 43,946 a 20.78 d 9,028 be 717 be
Stargrass 30,224 ¢ 25.18 b 7,560 ¢ 666 be

! Means in the same column followed by one or more letters in common do not differ

significantly at the 5% probability level.

significantly surpassed those of common Guinea, Star, and Carib grasses
during the short cool days. The superiority of Slenderstem digit and of
Makueni grasses over other grasses during the cool season were reported
by McCaleb (2) in Florida and Grof and Harding (1) in North Queensland.
In this study, both grasses, besides being the best yielders during the

period of short cool days, were also the best for the entire year.

Table 4 shows the mean N, P, K, Ca, and Mg contents for the seven
grasses at the two fertilizer levels. Mean N content was 12% higher at
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F16. 2.—Cumulative dry forage production of seven tropical grasses from October 15,
1977, to February 27, 1978. Means of two fertilizer levels at Corozal, Puerto Rico.

the upper fertilizer level. Mean P contents did not increase, but mean K,
Ca, and Mg contents increased slightly at the upper fertilizer level.
Previous research in Puerto Rico (7, 10) demonstrated a similar trend in
mineral content with an increase in fertilizer level.

RESUMEN

Los rendimientos anuales y estacionales de forraje verde (GF), forraje
seco (DF) y proteina bruta (CP) se determinaron en siete gramineas que
se abonaron con 2,240 y 4,480 kg de un abono 15-5-10 por ha y afo
durante 765 dias consecutivos.

Segun aumenté el nivel de abono aumento la produccion de GF, DF y
CP en todas las gramineas. Las mejores productoras de GF en el nivel
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intermedio de abono fueron las pangola de tallo fino, guinea comuin y
Makueni. Las Bermuda Coastcross-1 y Callie fueron las mas ricas en
materia seca (DM) al nivel intermedio de abono; sin embargo, la Callie
super6 en DM a las demas en el nivel alto de abono. Las mejores
productoras de DF en el nivel intermedio de abono fueron pangola de tallo
fino, guinea comun, Makueni y Bermuda Coastcross-1. En la dosis inter-
media de abono, la mejor productora de CP fue la pangola de tallo fino,
que sobrepasé significativamente a las yerbas Makueni, Callie, estrella y
malojilla.

Las mejores productoras de GF en la dosis intermedia de abono por lo
general resultaron buenas productoras en la dosis alta. La graminea
Makueni fue la mejor productora de DF en la dosis alta de abono y super6
significativamente a las yerbas Bermuda Coastcross-1, estrella y malojilla.
Las gramineas pangola de tallo fino, guinea comun, Bermuda Coastcross-

TABLE 4.—Effect of two fertilizer levels on the mineral composition of seven tropical
grasses harvested every 45 days

Intermediate fertilizer level High fertilizer level
N P K Ca Mg N P K Ca Mg
%
Slenderstem digitgrass 1.27° .27 1.92 .33 .28 148 .27 197 .36 .30

Common name

Common Guinea 117 31 221 .73 .26 131 29 226 .82 .28
Makueni Guinea 1.04 27 209 .73 .29 116 .27 207 .79 .31
Coastcross-1 Bermuda 1.29 .29 169 .28 .16 150 .27 184 .28 .16
Calliegrass 124 29 174 39 .17 133 .29 179 43 .18
Stargrass 133 .32 203 41 .21 149 .31 206 .42 .22
Caribgrass 1.21 27 213 29 21 132 .29 217 34 28
X 122 .29 197 45 .23 137 .25 202 49 .24

! Mean of 4 replicates.

1 y Callie superaron en produccion de CP a la malojilla en la dosis alta de
abono.

La pangola de tallo fino sobrepasé significativamente en produccion de
DF total a las yerbas guinea comun, estrella y malojilla en tres cortes
desde el 15 de octubre de 1977 al 27 de febrero de 1978. En adicion, se
presentan valores del contenido en nitrogeno, fosforo, potasio, calcio y
magnesio de las siete yerbas en los dos niveles de abonamiento.
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