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INTRODUCTION 

Studies on tropical grasses in Puerto Rico have indicated that the best 
time to harvest forages is at 45-day intervals during periods of fast growth 
and 60-day intervals during periods of slow growth (17). 

It has been observed that yield, chemical composition and nutrient di
gestibility of grasses are affected by harvest frequency. When the cutting 
interval is increased, the yield also increases. Crude protein (CP) content 
and digestibility decrease as forages advance in maturity, while total fiber 
content, or cell-wall constituents and lignocellulose content, or acid-de
tergent fiber increase (7). 

The effect of cutting frequency on the yield and chemical composition 
of grasses have been studied under both wet (6) and dry (11) conditions 
in Puerto Rico. The work reported herein was conducted for the purpose 
of investigating the effect of three harvest intervals on yield (green (GFY) 
and dry matter (DMY), CP and digestible protein (DP) content, and min. 
eral content (calcium, Ca; phosphorus, P; potassium, K; and magnesium 
Mg) of 10 forage grasses in the semi-arid northwest region of Puerto Rico[ 

MATERIALS AND METHODS 

The 10 forage grasses included in this study are identified in table 1. 
All grasses, except Hexapangola (15), were studied previously in Puerto 
Rico (14,16). Hexapangolagrass, considered to have 54 chromosomes (12), 
was introduced into the Agricultural Experiment Station from the Uni
versity of Florida in 1967. This hexaploid is very similar morphologically 
to Pangolagrass. 

The grasses were planted by cuttings at the Isabela Substation on a Coto 
«lay (Ultisol) and evaluated during a 1-year period in 1968. The design 
used was a randomized split-plot with four replications, where grasses 
were the main plots and growth stages of 30, 45 and 60 days the sub-plots. 
Individual plots were 10 X 30 feet. 

A 14-4-10 fertilizer was applied after each cutting at the rate of 2 tons 
per acre per year divided in 6, 8 and 12 equal applications. During the dura-

1 Manuscript submitted to Editorial Board January 18,1974. 
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tion of the experiment, rainfall was well distributed and totalled 69.07 
inches. 

All grasses were harvested and green-weighed at 30-, 45- and 60-day 
intervals. Samples were collected at each growth stage, dried at 60° C, and 
ground in a Wiley mill to pass through a 1-mm screen. Dry matter (DM) 
and CP contents (3) were determined on all samples. DP content was pre
dicted using the equation Y = 0.819X = 2.05 (1), where Y equals % DP 
content and X equals % CP content. Ca and Mg (9) and P and K (10) 
were also determined in all samples. 

TABLE 1.—Identification of 10 forage grasses evaluated at Isabela, Puerto Rico 

Grass 
numbei 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 

Grass species 

Brachiaria muiica (Forsk) Stapf. 
Digitaria decumbens Stent. 
Brachiaria ruziziensis (Germain C. 

Evrard) 
Brachiaria brizantha Stapf. 
Cynodon nlemfuensis var. nlemfuensis 
Cynodon dactylon var. coursii 
Digitaria decumbens Stent. 
Digitaria smutsii Stent. 
Digitaria decumbens Stent. 

Digitaria eriantha Steud. 

Common name 

Tanner 
Pangóla 
Congo 

Signal 
Star 

— 
Hexapangola 

— 
Transvala 

digitgra8s 
— 

Plant introduction 
number 

USDA PI» 

299499 
111110 
247404 

— 
— 

288218 
— 

299828 
299752 

— 

PR PI* 

6451 
— 

5366 

1525 
2341 
8991 
9477 
6434 
6439 

5277 

1 United States Department of Agriculture plant introduction number. 
2 University of Puerto Rico Agricultural Experiment Station plant introduction 

number. 

Statistical analyses were conducted as indicated by Snedecor and Coch
ran (13). 

RESULTS AND DISCUSSION 

The data in table 2 and figure 1 present the yields of the 10 grasses at 
the three harvest intervals. 

The highest GFY at 30- and 45-day intervals were produced by Digitaria 
smutsii (PRPI. 6434), significantly different (P < .05) from Tannergrass 
(Brachiaria muiica, PBPI 6451), Signalgrass (Brachiaria brizantha, PRPI. 
1525), Stargrass (Cynodon nlemfuensis, PRPI. 2341), and Cynodon dactylon 
var. coursii (PRPI. 8991). Congograss (Brachiaria ruziziensis, PRPI. 5366) 
produced the highest GFY at 60 days, significantly different (P < .05) 
from all other grasses. Cynodon dactylon var. coursii had the lowest GF 
at 30-, 45-, and 60-day intervals. 

Cynodon dactylon var. coursii presented the highest DM content at the 



TABLE 2.—Effect of harvest frequency on the yield and crude and digestible protein content oj 10 forage grasses1 

Species 
Green forage 
yield per acre 

per year 
Dry 

matter 
Dry forage 

yield per acre 
per year 

Crude 

Percent 

12.36b0 

12.51bo 

11.53° 
13.13ab 

13.76a 

11.68° 
12.44b« 
12.41b° 
11.54° 
13.88ab 

9.07° 
10.9lab 

9.79b0 

10.87Bb 

10.18"° 
9.67bo 

10.79ab 

11.12a 

9.12° 
11.32a 

7.25° 
7.76b° 
7.16° 
8.65ab 

9.09° 
8.08a° 
8.12°° 
8.16a° 
7.90a° 
8.94ab 

Crude protein 
yield per acre 

per year 

Pounds 

2442d 

2936°° 
2514«d 

2505*1 

3065a 

2533bd 

2834«KI 

2998° 
2982ab 

3047a 

1947a 

2432a0 

2220b° 
2449a» 
2639ab 

2168cd 

2630ab 

2833° 
2705a 

2373ad 

2271° 
2475b° 
2592b° 
2893b 

3423a 

2455b° 
2677b° 
2881b 

2479b° 
2773b 

Digestible 
protein 

Pounds Percent Pounds 

Brachiaria mutica (Forek) Stapf. 
Digitaria decumbens Stent.—Pangóla 
Brachiaria ruzieiensie (Germain C. Evrard) 
Brachiaria brixantha Stapf. 
Cynoion •nlemfuensis var. nUmfuensis 
Cynoion daetylon var. coursii 
Digitaria decumbens Stent.—Hexapangola 
Digitaria smutsii Stent. 
Digitaria decumbens Stent.—Transvala digitgrass 
Digitaria eriantha Steud. 

Brachiaria mutica (Forak) Stapf. 
Digitaria decumbens Stent.—Pangóla 
Brachiara rusizUnsis (Germain C. Evrard) 
Brachiaria brizantha Stapf. 
Cynoion nUmfuensis var. nUmfuensis 
Cynoion daetylon var. coureii 
Digitaria decumbens Stent.—Hexapangola 
Digitaria smutsii Stent. 
Digitaria decumbens Stent.—Transvala digitgrass 
Digitaria eriantha Steud. 

Brachiaria mutica (Forek) Stapf. 
Digitaria decumbens Stent.—Pangóla 
Brachiaria rueiriensis (Germain C. Evrard) 
Brachiaria brizantha Stapf. 
Cynoion nlemfuensis var. nUmfuensis 
Cynoion daetylon var. coureii 
Digitaria decumbens Stent.—Hexapangola 
Digitaria smutsii Stent. 
Digitaria decumbens Stent.—Transvala digitgrass 
Digitaria eriantha Steud. 

80-day 

97992b° 
114205a 

105534ab 

91164° 
&WV* 
77099d 

109817ab 

116991a 

113277a 

112830a 

46-iay 

106364°d 

117962a0 

122038ab 

110325bd 

98101d 

78138° 
121047ab 

125700a 

123731ab 

118960a° 

60-day 

122984bd 

126215bd 

145509a 

128030b° 
1149440d 

91968° 
129482b0 

131798b 

112588d 

126977bd 

grasses 

20.15d 

20.53d 

20.67d 

20.90a1 

25.77b 

28.40° 
20.78°d 

20.65d 

22.76° 
20.22d 

grasses 

20.13d 

18.84d0 

18.62d0 

20.50a 

26.34b 

28.47° 
20.14d 

20.32d 

23.90° 
17.68° 

grasses 

25.41°d 

25.30od 

24.820a 

26.34bd 

32.68a 

32.87a 

25.58ed 

26.87b° 
28.07b 

24.39d 

197970"1 

23479a0 

21790bd 

19041a 

22162ad 

21970ad 

22757ad 

24182ab 

25859a 

22824ad 

21404° 
22147b° 

22710bo 

22542b° 
25673b 

22277b° 
24399b° 
25419b 

29532a 

20962° 

313230d 

318fl8°a 

36168ab 

33717bd 

37604a 

30289d 

33140M 

36211°° 
31470ed 

30966a 

Percent 

9.26b° 
9.40be 

8.47° 

10.59a 

8.61° 
9.30b° 
9.29b° 
8.48° 

10.23ab 

6.12° 
7.88ab 

6.81b° 
7.84ab 

7.18a° 
6.70bo 

7.76Bb 

8.08° 
6.17° 
8.26° 

4.39° 
4.88b° 
4.31° 
5.63ab 

6.14° 
5.18a° 
5.22a« 
5.26ae 

5.01ac 

6.00a1» 

1 Mean values with one or more common letter(B) do not differ significantly at the 5-percent level. 
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FIG. 1.—Effect of harvest frequency on yield and crude protein content of 10 forage grasses (number in parentheses shows crude pro
tein content of forages on a drymatter basis). 
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three harvest intervals, being significantly different (P < .05) at 30 and 
45 days from all other grasses and at 60 days from other grasses except 
Digitaria smutsii PRPI. 6434. Tannergrass exhibited the lowest DM content 
at 30 days, while Digitaria eriantha (PRPI. 5277) was the lowest at 45 and 
60 days. 

Transvala digitgrass (Digitaria decumbens, PRPI. 6439) provided the 
highest DMY at the 30- and 45-day intervals, being significantly different 
(P < .05) from Congo, Tanner and Signal grasses at 30 days and from all 
grasses at 45 days. At Ona and Ft. Pierce, Fla., Transvala digitgrass (4) 
outyielded Pangóla (Digitaria decumbens). Stargrass produced the highest 
DMY at the 60-day interval, significantly different (P < .05) from other 
grasses except Congo and Digitaria smutsii. The lowest DMY at 30 and 
45 days were produced by Signal and Digitaria eriantha, respectively. 
Cynodon dactylon var. coursii had the lowest DMY at 60 days. 

Stargrass had the highest CP and DP contents at the 30- and 60-day 
intervals, significantly different (P < .05) from other grasses except Digi
taria eriantha and Signalgrass at 30 days and from Pangóla, Tanner and 
Congo grasses at 60 days. Congograss exhibited the lowest CP and DP 
contents at the 30- and 60-day intervals while Tannergrass had the lowest 
CP and DP contents at 45 days. 

Stargrass produced the highest crude protein yields (CPY) at the 30-
and 60-day intervals, significantly different (P < .05) from Cynodon dac
tylon, Congo, Signal, and Tannergrasses at 30 days and from all grasses 
at 60 days. Digitaria smutsii had the highest CPY at the 45-day interval, 
significantly different from Congo, Cynodon dactylon, and Tanner grasses. 
The lowest CPY was produced by Tannergrass at the three intervals. 

Hexapangola (Digitaria decumbens) did not differ significantly from 
Pangóla in any of the parameters studied. 

Mean GFY, DM and DMY of the 10 grasses increased while mean CP 
and DP decreased as the grasses matured (table 3). Caro-Costas et al. Í5) 
obtained a significant increase in DMY but a significant decrease in CP, 
as the length of the harvest interval increased from 30 to 90 days in Star-
grass. Similar results were obtained by Vicente-Chandler et al. (18) in 
Congograss and by Arroyo-Aguilu et al. (2) with CP and DP in Pangóla, 
Congo and Star grasses. 

Significant differences were obtained between harvest intervals in GFY 
and DMY (table 3). In DM, significant differences were obtained between 
30- and 60- and between 30- and 45-day intervals, respectively. Crude 
protein and DP exhibited also significant differences between intervals. 
However, CPY at 30 and 60 days were significantly higher than those 
obtained at 45 days. 

The mean Ca, P, K, and Mg contents of the 10 grasses are shown in 
table 3. Mean Ca content increased from 30 to 45 days, with no change 
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at the 60-day interval. Caro-Costas et al. (5) determined that the Ca con
tent of Stargrass was not affected significantly by the length of the harvest 
interval, although there was a tendency to increase as the length of the 
harvest interval increased from 30 to 90 days. The mean P and K contents 
decreased as the harvest interval increased. Similar results for P and K 
contents were obtained with Stargrass in Puerto Rico by Caro-Costas et 
al. (5) and in tropical grasses in Brazil by Gomide et al. (8). Mean Mg con
tents were similar at the three harvest intervals with a slight increase at 

TABLE 3.—Mean green forage, dry matter and crude protein yields, and dry 
matter, crude protein, digestible protein, calcium, phosphorus, potassium, 

and magnesium contents in 10 forage grasses at S harvest intervals1 

Harvest interval (days) 
Item and unit of measurement Mean 

30 45 60 

Green forage yield per acre per 102,458° 112,236b 123,047» 112,580 
year, pounds 

Dry matter, percent 
Dry matter yield per acre per 
BJyear, pounds 
Crude protein, percent 
Crude protein yield per acre per 

year, pounds 
Digestible protein, percent 
Calcium, percent 
Phosphorus, percent 
Potassium, percent 
Magnesium, percent 

1 Mean values with one or more common letter (s) do not differ significantly at 
the 5-percent level. 

the 45-day interval. Caro-Costas et al. (5) indicated that the Mg content 
of Stargrass was not affected by the length of the harvest interval. 

SUMMARY 

The effect of three harvest intervals (30, 45 and 60 days) on the yield, 
crude protein (CP), digestible protein (DP), and mineral (calcium, Ca; 
phosphorus, P; potassium, K; and magnesium, Mg) composition of 10 
forage grasses was determined during a 1-year period at the Isabe'a Sub
station. The species studied included three Brachiarias, five Digitarias and 
two Cynod&ns. 

As the 30-day harvest interval, the dry matter yield (DMY) ranged 
from 25,859 to 19,041 pounds per acre per year. The highest DMY was 
obtained by Transvala digitgrass (Digilaria decumbens, PRPI. 6439). 

22.07b 

22,383° 

12.46a 

2,786" 

9.35° 
.28 
.27 

2.21 
.26 

21.50b 

23,707b 

10.29b 

2,437*» 

7.28b 

.44 

.23 
2.11 
.28 

27.23» 
33,166» 

8.10° 
2,692» 

5.20° 
.44 
.17 

1.55 
.25 

23.60 
26,418 

10.28 
2,639 

7.28 
.39 
.22 

1.96 
.26 
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Stargrass (Cynodon nkmfuensis PRPI. 2341) had the highest CP and DP 
contents. 

The highest DMY at the 45-day interval was obtained by Transvala 
digitgrass, being significantly different (P < .05) from other grasses. The 
DMY ranged from 29,532 to 20,962 pounds per acre per year. Digitaria 
eriantha had the highest CP and DP contents. 

Stargrass had the highest DMY and CP at the 60-day harvest interval. 
The DMY ranged from 37,504 to 30,269 pounds per acre per year. 

Mean Ca and Mg contents in the grasses increased at the 45-day inter
val, with no Ca increase but a Mg decrease at 60 days. Mean P and K 
contents decreased as the harvest intervals increased. 

The yielding ability of the grasses was encouraging, especially in the 
Transvala digitgrass and Stargrass species. The CP and DP contents 
tended to vary as plants matured, suggesting that studies of mineral ab
sorption and/or utilization of forage grasses by niminants should be under
taken. 

RESUMEN 

Se determinó el efecto de tres intervalos de corte (30,45 y 60 días) en el rendimiento 
y contenido en proteína cruda (PC), proteína digestible (PD) y minerales (calcio, 
Ca; fósforo, P; potasio, K y magnesio, Mg) de 10 yerbas forrajeras durante 1 año, en 
la Subestación de Isabela, que está localizada en la región noroeste de Puerto Rico. 
Las especies evaluadas incluyeron tres Brachiarias, cinco Digitarias y dos Cynodons. 

A los 30 días de edad, la producción de materia seca (PMS) fluctuó entre 25,859 y 
19,041 libras por cuerda por año. La yerba "Transvala digitgrass" (Digitaria decum
bent, PRPI 6439) obtuvo la PMS mayor y la Estrella (Cynodon nlemfuensis, PRPI 
2341) presentó los contenidos más alto en PC y PD. 

La mayor PMS a los 45 días de edad la obtuvo la "Transvala digitgrass," la cual 
fue significativamente diferente (P < .05) a las nueve yerbas restantes. La PMS 
varió de 29,532 a 20,962 libras por acre por año. La yerba Digitaria eriantha obtuvo 
el contenido más alto en PC y PD. 

La yerba Estrella obtuvo la PMS y reveló el contenido en PC más altos a los 60 
días de edad. La PMS varió de 37,504 a 30,269 libras por cuerda por año. 

Los contenidos promedio en Ca y Mg aumentaron a los 45 días, permaneciendo 
igual el de Ca a los 60 días, mientras que el de Mg disminuyó. Los contenidos promedio 
en P y K disminuyeron según aumentó el intervalo de corte. 

La habilidad de las yerbas para aumentar su producción fue alentadora, especial
mente en la "Transvala digitgrass" y la Estrella. El contenido en PC y en PD fue 
mayor a edades tempranas, resultando en rendimientos mayores en PC. El contenido 
en Ca, P, K y Mg varió de acuerdo al intervalo de corte, sugiriendo la conveniencia 
de hacer posibles estudios de absorción y/o utilización de minerales con rumiantes. 

LITERATURE CITED 

1. Arroyo-Aguilú, J. A., and Rivera-Brenes, L., Relationship between the percent
ages of crude protein and apparently digestible protein in some forages of 
Puerto Rico, J. Agr. Univ. P.R. 49:145-8,1965. 



HARVEST INTERVALS OF FORAGE GRASSES 455 

2. , , De Arce, M., and Acosta-Matienzo, A., Valor nutritivo y consumo 
voluntario de las gramíneas Pangóla (Digitaria decumbens), Congo (Brachiaria 
ruziziensis) y Estrella (Cynodon nlemfuensis), A.L.P.A. Mem. 8: 91-106, 1973. 

3. Association of Official Agricultural Chemists, Official Methods of Analysis, 11th 
ed, Washington, D.C., 1970. 

4. Boyd, F . T., Schank, S. C , Smith, R. L., Hodges, E. M., West, S. H., Kretschmer, 
Jr., A. E., Brolman, J. B., and Moore, J. E., Transvala Digitgrass, A Tropical 
Forage Resistant to 1. Sting Nematode 2. Pangóla Stunt Virus, Univ. Fla. 
Circ. S-222, 1973. 

5. Caro-Costas, R., Abruña, F., and Figarella, J., Effect of nitrogen rates, harvest 
interval and cutting heights on yield and composition of Star grass in Puerto 
Rico, J. Agr. Univ. P.R. 56: 267-79, 1972. 

6. , Vicente-Chandler, J., and Figarella, J., The yields and composition of five 
grasses growing in the humid mountains of Puerto Rico, as affected by nitrogen 
fertilization, season, and harvest procedures, J . Agr. Univ. P.R. 44: 107-20, 
1960. 

7. Coward-Lord, J., Composición Química y Digestibilidad In Vitro de Diez Forra
jeras Tropicales, M. S. Thesis, Univ. P.R., Mayagüez, P.R., 1972. 

8. Gomide, J. A., Noller, C. BL, Mott, G. O., Conrad, J. H., and Hill, D. L., Mineral 
composition of six tropical grasses as influenced by plant age and nitrogen fer
tilization, Agron. J . 61:120-3,1969. 

9. Greweling, T., An extraction procedure for the determination of total calcium, 
magnesium, and potassium in plant tissue, J. Agr. Food Chem. 10:138-40,1962. 

10. Riera, A., The Method of Foliar Diagnosis as Applied to Sugarcane, I I , The 
Chemical Analyses of Sugarcane-Leaf Samples, Agr. Exp. Sta., Univ. P.R. 
Bull. 123, pp. 23-32, 1965. 

11. Rivera-Brenes, L., Torres-Más, J., and Arroyo, J. A., Response of Guinea, Pan
góla, and Coastal Bermuda grasses to different nitrogen fertilization levels 
under irrigation in the Lajas valley of Puerto Rico, J. Agr. Univ. P.R. 45: 
123-46,1961. 

12. Rotar, P. R., and Urata, U., A hexaploid Pangolagrass clone, Crop. Sci. 6:218-9, 
1966. 

13. Snedecor, G. W., and Cochran, W. G., Statistical Methods, 6th ed., The Iowa 
State Univ. Press, Ames, Iowa, 1967. 

14. Sotomayor-Rios, A., Acosta-Matienzo, A., and Vélez-Fortuno, J., Evaluation of 
seven forage grasses at two cutting stages, J. Agr. Univ. P.R. 57:173-85,1973. 

15. , Rodriguez-Garcia, J., and Silva, S., Yield comparison of four forage grasses 
at two cutting heights and three harvest intervals, J. Agr. Univ. P.R. 58(1): 
26-36, 1974. 

16. , Vélez-Fortuno, J., and Spain, G., Forage yields and plant character corre
lations in 30 Digitaria selections, J. Agr. Univ. P.R. 55: 53-62,1971. 

17. Vicente-Chandler, J., Caro-Costas, R., Pearson, R. W., Abruña, F. , Figarella, 
J., and Silva, S., The Intensive Management of Tropical Forages in Puerto 
Rico, Agr. Exp. Sta., Univ. P.R. Bull. 187,1964. 

18. , Silva, S., Abruña, F., and Rodriguez, J. A., Effect of two cutting heights, 
four harvest intervals and five nitrogen rates on yield and composition of 
Congo grass under humid tropical conditions. J. Agr. Univ. P.R. 56: 280-91, 
1972. 


