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in the Humid Mountains of Puerto Rico, as
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INTRODUCTION

Napier grass (Pennisetum purpureum), Guinea grass (Panicum maxi-
mum), Para grass (Panicum purpurascens), Pangola grass (Digitaria de-
cumbens), and molasses grass (Melinis minutiflora), are among the most
widely used forages of the humid Tropics. However, little is known of their
relative productivity under different conditions as affected by fertilization,
season of the year, and harvest procedure.

In Puerto Rico, Rodriguez (4)® found that applications of 200 pounds of
nitrogen per acre yearly about doubled yields of Napier, Guinea, and Para
grasses in the humid coastal area. Under similar conditions, Vicente, Silva,
and Figarella (8) found that Napier, Guinea, and Para grasses responded in
yield to nitrogen applications up to 800 pounds per acre yearly. Protein
content and yields of the grasses increased sharply with nitrogen rates up to
1,600 pounds per acre yearly. About half of the fertilizer nitrogen was re-
covered in the forage at all rates up to 800 pounds per acre yearly, but
pounds of dry matter produced per pound of nitrogen decreased beyond
the 400-pound level. Phosphorus content of the forage decreased, lignin
content increased, while the caleium, potassium, and magnesium contents
were not consistently affected by increasing nitrogen rates. There were
marked seasonal variations in yield. Rivera-Brenes (3) found that Napier
produced more green forage than Guinea or Para grasses in this area.

Vicente and Figarella (7) found that the application of 160 pounds of
nitrogen per acre to unirrigated Guinea grass growing in the semiarid South
coast increased yields by about one-third. Vicente, et al. (6) reported that
applications of 300 pounds of nitrogen per acre yearly more than doubled
yields of Guinea grass growing with irrigation in this region. Under similar
conditions, Little, Vicente, and Abrufia (2) found that yields of irrigated
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Napier, and Guinea grasses increased with nitrogen rates up to 800 pounds
per acre yearly, while Pangola grass responded little to applications of ni-
trogen in excess of 200 pounds. Protein content of the forage increased with
nitrogen rates up to 1,600 pounds per acre yearly. Highest yields of dry
matter were produced by Napier, followed by Guinea and Pangola grasses,
in that order.

The experiment herein reported was carried out to determine the pro-
ductivity of Napier, Guinea, Para, Pangola, and molasses grasses, as affected
by nitrogen fertilization and season of the year, with both cutting and simu-
lated grazing management under conditions typical of the steep humid
mountains of Puerto Rico.

MATERIALS AND METHODS

The experiment was carried out at Orocovis, P.R., which has a mean
annual temperature of about 75°F., and a seasonal variation of less than
10°F. Annual rainfall was 76 and 91.8 inches, respectively, for the 2 years
of experimentation. The experiment was carried out on Catalina clay on a
30-percent slope. The surface 6 inches contained 4.5 percent of organic
matter; it had a pH of 5.3, 16.5 m.e. of exchange capacity, and 10.4 m.e.
of exchangeable bases per 100 gm. of soil, a volume weight of 0.98 with 11
percent of the pores drained at pF 1.78, and a saturated percolation rate of
about 6 inches per hour.

TREATMENTS

Grasses used: Napier, Guinea, Pangola, molasses, and Par4 with some
Carib grass (Eriochloa polystachya).

Nitrogen rates: 0, 200, 400, and 800 pounds N per acre yearly as ammo-
nium sulfate in 6 or 9 equal applications, depending on frequency of har-
vest.

Harvest procedure: 1, Cut every 60 days; 2, simulated grazing every 40
days.

METHODS

Plots with cufting management were harvested every 60 days by cutting
the grasses close to the ground. Simulated grazing was obtained by a com-
bination of cutting and plucking once every 40 days, in an attempt to
produce a condition comparable to that on companion plots intermittently
grazed by livestock.

All combinations of treatments were tested using a split-plot design with
harvest procedure as the main plots, grasses as the subplots, and nitrogen
rates as the sub-subplots. The latter were 14¢o of an acre in size, sur-
rounded by ditches to prevent fertilizer from washing into adjoining plots.
All treatments were replicated four times.
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The upper 6 inches of soil in all plots was limed to a pH of about 6.5 and
relimed annually to this level. Blanket additions of phosphorus and potas-
sium were made at the rate of 200 pounds of P;O; from 20-percent super-
phosphate per acre in one annual application, and 400 pounds of K0 from
KCl per acre yearly in six or nine equal applications, depending on fre-
quency of harvest.

The forage from all plots at every harvest was weighed and analyzed for
dry matter and total nitrogen. The crude protein was calculated using the
factor 6.25 X N. Samples from all cuttings of the second year were com-
posited by plots and analyzed for ealcium, phosphorus, potassium, mag-
nesium, lignin, and “digestible laboratory nutrients”, using the method of
Thurman and Wehunt (5). Residual yields were taken over a 60-day period
following termination of the experiment.

RESULTS

YIELDS OF FORAGE

The grasses gave about the same response to nitrogen fertilization in
both years. The check plots were lower the second year, however, showing
that the soil nitrogen had been depleted. Relative productivity of the grasses
and effects of fertilization, harvesting procedure, and season were very
similar during both years.

The data in table 1 show that molasses grass yielded much less than the
others with both systems of harvesting when nitrogen was applied. With
cutting management, Napier, Guinea, Pangola, and Para grasses yielded
about the same at all nitrogen levels, except at the 800-pound rate, at which
Napier produced about 20 percent more forage than the others. At the 400-
pound nitrogen rate all these grasses yielded about 24,000 pounds of dry
matter per acre yearly. With simulated grazing management, however,
Guinea outyielded all the grasses at all nitrogen levels. Pangola, Napier,
and Para grasses produced similar yields at all nitrogen levels.

These data and figure 1 show that all grasses, except molasses, responded
in yield to nitrogen applications of up to 800 pounds per acre yearly, with
both cutting and simulated grazing management. However, except with
Napier harvested by cutting, and Guinea harvested by grazing, increases
in yield fell off sharply beyond the 400-pound level. Yields of these four
grasses were doubled or more by the application of 400 pounds of nitrogen
per acre yearly. Molasses grass, on the other hand, gave only a moderate
response to the application of 200 pounds of nitrogen, and was little affected
by heavier applications.

All grasses yielded less with simulated grazing than with cutting manage-
ment. With 400 pounds of nitrogen, yields of Para, Napier, and Pangola
grasses were lowered 35, 40, and 31 percent, respectively, by simulated
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grazing, but those of Guinea and molasses grasses dropped only 16 and 20
percent, respectively. These decreases in yield were caused by the shorter
harvest interval (8) as well as by the higher cutting in the grazed plots as
discussed later.

TABLE 1.—The effect of nitrogen fertilization and 2 methods of harvesting on yields and
protein conlents of & tropical grasses, and on the efficiency of nitrogen
utilization over a 2-year pertod

Grasses harvested by cutting Grasses harvested by simulated
every 60 days grazing every 40 days
a itrogen o e P o
(pog;dis) al.)%g ::;f-; ggarly Dry forage E"*EI'Z g" § g Dry forage g_g gég g
per acre |Protein| 38y |8 % 2:z| per acre [Protein| $F |S 28
yearly S5 |pdgs| vearly 88z [pdes
- =] &~ =]
Lb, c};‘:‘" Percent| Lb. Lb. Percent | Percent| Lb.
Para grass
0 8742 | 6.4| — — 6,603 | 8.2 | — —
200 19,638 6.6 | 58.6 | 54.5 | 12,179 8.8 142.0 27.4
400 24,025 | 8.0|55.0(21.9| 15,694 | 10.0 | 41.0 | 17.6
800 26,054 | 9.9 40.3 | 5.1 16,479 |112.9|31.5| 1.9
Guinea grass
0 9,675 | 7.7 — — 8,821 )| 87| — —
200 19,645 | 7.6 | 60.2 | 49.9 | 15,176 | 8.8 | 45.6 | 31.8
400 23,002 | 7.8 |42.3|16.8( 19,330 | 9.4 | 42.0 | 20.8
800 28,180 | 10.0 | 41.5 | 12.9 | 26,696 | 11.4 | 45.3 | 18.4
Napier grass
0 13,308 74| — — 7,579 | 10.5 — —
200 21,395 | 6.9 39.9|40.4 11,591 | 10.6 | 35.2 | 20.1
400 25,214 7.5136.3|19.1| 14,953 | 11.6 | 37.4 | 16.8
800 33,284 8.7(138.5|20.2] 19,415 | 12.8]33.7 | 11.2
Pangola grass
0 8,614 6.4 — —_ 6,981 7.0 —_— —_
200 18,106 6.9 | 55.8 | 47.3 | 11,287 8.7 140.5 | 21.5
400 23,707 7.9153.0| 28.0( 16,332 | 10.3 | 47.9 | 25.2
800 26,686 | 10.9 | 47.1 7.4 ] 18,362 | 12.0 | 34.4 5.1
Molasses grass
0 9,275 7.3 — — 6,479 7.9 - —
200 13,271 8.1]32.0] 20.0 8,880 8.4 |18.7]12.0
400 13,246 9.8 ] 25.0 —_— 10,647 | 10.1 | 22.6 8.8
800 11,937 | 11.2 | 13.2 — 8,863 | 11.8 | 10.8 —

Figure 2 shows that season of the year had a marked and very similar
influence on yields of all grasses with lowest productivity during the winter
months of December through March. Napier grass produced more forage
than the others during the last months of both years.

Table 2 shows that seasonal variations in yield generally increased
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sharply with nitrogen rates up to 400 pounds per acre yearly. However,
the variation was not further accentuated by raising rates to 800 pounds
of nitrogen.

Figures 3 and 4 show that season of the year also strongly affected the
response of the grasses to nitrogen fertilization with both simulated grazing
and cutting management. Rate of yield increases with nitrogen fertilization
were much lower during the winter months. Molasses grass generally re-

35
A B
«/
30 &Q_é‘

& &’96
= /

N
L]

)
(=)
e
&,
%%\

&
~N

DRY-MATTER YEELD
(THOUSAND POUNDS PER AGRE YEARLY)

o

e /4l
Z i

C 200 400 800'0 200 400 800

NITR IZATION
(POURDS R be AoRE VEARLY

F1a. 1.—The effects of nitrogen fertilization on yields of 5 grasses in the humid
mountains of Puerto Rico when cut every 60 days (A) and grazed every 40 days (B).

sponded only to the 200-pound rate of nitrogen at all seasons. The other
grasses generally responded well to the 200-pound level during the winter
months of slow growth, while responding strongly to at least the 400-
pound level during the remainder of the year.

It is important to note in figure 4 that the superiority in yields of Guinea
grass with grazing management was attained during seasons of fast growth.
There was no great difference in the productivity of Napier, Guinea, Para,
and Pangola grasses during seasons of slow growth when forage is at a pre-
mium.

Little or no weeding was required with heavy nitrogen applications, but
weeds were a constant problem in the no-nitrogen plots.
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PROTEIN CONTENTS AND YIELDS

Table 1 shows that all the grasses had a remarkably similar protein con-
tent when treated alike. For example, with cutting management and 400
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F1a. 2.—The seasonal productivity in 1956 (A) and 1958 (B) of heavily fertilized

grasses cut every 60 days over a 2-year period in the humid mountain region of Puerto
Rico.

TABLE 2.—The effect of nitrogen rates (pounds) on seasonal variations in yields of &
grasses expressed as percentage by which winter yields were lower than
yields during the remainder of the year

Effect of indicated pounds N per acre yearly
Grass

0 200 400

Para 0 26 35
Guinea 19 42 50
Napier 23 23 31
Pangola 0 31 40
Molasses 21 30 29
Average 12.6 30.4 37

pounds of nitrogen per acre yearly, the protein contents of Para, Guinea,
Napier, and Pangola grasses varied only from 7.5 to 8.0 percent. The
slightly higher protein content of molasses grass is attributed to the con-
centrating effect of lower yields in the presence of an equal supply of ni-
trogen.

Protein content of all grasses increased with nitrogen rates, with the
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highest increases occurring beyond the 200-pound level. With cutting man-
agement, protein content increased from an average of 7 percent when no
nitrogen was applied to 10.1 percent when 800 pounds of nitrogen were
applied.

Protein content of the forage was considerably higher when the grasses
were harvested by simulated grazing, largely due to the shorter harvest
nterval used.
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FIG.. 3.—The responses of 5 grasses to nitrogen fertilization during seasons of slow—
approximately December through March (A), and fast—remainder of the year (B),

growth when harvested by cutting every 60 days. Numbers show pounds of dry forage
per pound increment of N.

00

Season of the year had a marked and very similar influence on the pro-
tein content of all grasses, with highest contents occurring when yields were
lowest during the winter months and vice versa. With cutting management
and 800 pounds of nitrogen, for example, protein content of the grasses
varied from as low as 6.9 to as high as 15.6 percent.

EFFICIENCY OF NITROGEN UTILIZATION

Table 1 shows that lowest recovery of fertilizer nitrogen in the forage was
with molasses grass, with Napier grass recovering less nitrogen than the
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others at the lower rates. Recovery of nitrogen tended to be lower when
the grasses were harvested by simulated grazing and to decrease slightly
with increasing nitrogen rates. At the 400-pound rate of nitrogen an aver-
age of about 40 percent of the fertilizer nitrogen was recovered in the forage.

There were no marked over-all differences in the pounds of forage pro-
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F1a. 4.—The responsesof 5 grasses to nitrogen fertilization during seasons of slow—
approximately December through March (A), and fast—remainder of the year (B),
growth with grazing management. Numbers show pounds of dry forage per pound in-
crement of N.

duced per pound of nitrogen by the highest yielding grasses at rates of 400
pounds or less per acre (table 1). Molasses grass produced much less forage
per pound of nitrogen at all rates than did the other grasses. With all
grasses, forage produced per pound of nitrogen decreased rapidly with in-
creasing nitrogen rates. Para grass, for example, produced 54.5, 21.9, and
5.1 pounds of forage per pound of nitrogen at the 200-, 400-, and 800-pound
rates, respectively. Less forage was generally produced per pound of ni-
trogen with grazing than with cutting management.

Season of the year markedly affected the efficiency of nitrogen utilization
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as shown in figures 3 and 4, with more dry matter produced per pound of
fertilizer nitrogen during seasons of fast growth. For example, with cutting
management, the second 200 pounds of nitrogen with the four highest yield-
ing grasses produced an average of only 8.8 pounds of forage per pound of
nitrogen in winter, compared with 30.8 pounds during the remaining 8
months of the year.

FORAGE COMPOSITION

Dry-matter content of the grasses, except Napier which had only about
19 percent, varied between 23 and 27 percent.
Table 3 shows the composition of the various grasses when fertilized with

TABLE 3.—The mineral composition and lignin content of § tropical grasses when
heavily fertilized' and cut every 60 days?®

Grass Nitrogen Ifl’l];?’fl; Potassium | Calcium :é‘}g;n Lignin | D.L.N.3
Para 1.28 0.18 2.20 0.48 0.33 8.41 54.9
Guines 1.25 .19 2.36 .65 .43 9.43 54.8
Napier 1.20 .25 | 2.78 .38 .25 | 8.81 | 54.4
Pangola 1.26 .20 2.32 .46 .28 8.91 54.4
Molasses 1.57 24 2.24 .43 .33 9.81 55.7

1400 1b. N; 200 lb. P.Os; and 400 1b. K:O per acre yearly in 6 equal applications.

2 All values are in percentages on a dry-weight basis and are averages of 4 replicate
samples composited yearly from all cuttings.

3 Digestible laboratory nutrients determined by the method of Thurman and
Wehunt (5).

400 pounds of nitrogen per acre yearly and harvested by cutting every 60
days. Guinea grass had a markedly higher calcium and magnesium content
than the others. Otherwise, the grasses were similar in mineral and lignin
content and in “digestible nutrients” (D.L.N.).

DISCUSSION

The high yields of forage produced on this steep, eroded soil are worthy
of note. Yields and responses of the grasses to nitrogen are very similar to
those on the north coast (8). With cutting management and 400 pounds of
nitrogen, all grasses, except molasses, yielded about 24,000 pounds of dry
matter, or 50 to 60 tons of green forage, per acre yearly, containing about
8 percent of protein. This is enough to feed about five steers per acre. With
simulated grazing management and 400 pounds of nitrogen, Guinea grass
yielded about 19,000 pounds of dry matter per acre yearly, compared to
about 15,000 pounds for Pangola, Para, and Napier grasses. It is interest-
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ing to note that in a nearby grazing experiment, well-fertilized Guinea grass
pastures produced about 1,200 pounds gain-in-weight per acre yearly when
grazed by young dairy heifers, compared to about 950 pounds produced by
Pangola and Napier grass pastures.*

The lower yields obtained with grazing compared to cutting management,
can be explained by the shorter harvest interval (8) as well as by trampling
losses. Guinea grass was probably least affected by shortening the harvest
interval since Vicente, et al. (8), found that yields of Napier were reduced
about 45 percent, those of Para about 23 percent, but those of Guinea grass
only 16 percent, when the harvest interval was shortened from 60 to 40
days. The approximately 8 inches of growth left on the ground also favored
Guinea and molasses grasses over the others.*

The similarity in yields, protein content, response to nitrogen fertilization
and seasonal growth rates by Napier, Para, Pangola, and Guinea grasses
under these conditions is striking. Although molasses grass clearly yields
less than the others, the difference was accentuated in this experiment by
its sensitivity to cutting and to burning by fertilizer, which reduced its
stand appreciably.

The slow growth during winter was frequently associated with low rain-
fall, but yields were also low during this period even when rainfall was
abundant, as occurred in January of 1956 and 1958. On the other hand, the
low rainfall in June and July of 1956 did not affect yields. Apparently, the
shorter days and cooler weather of winter reduce growth and stimulate
early flowering of these grasses.

Nitrogen fertilization accentuated seasonal variations in yield by increas-
ing growth only moderately during winter, while stimulating it tremen-
dously during the remainder of the year.

Assuming that 15 pounds or more of dry forage must be produced per
pound of fertilizer nitrogen, it appears from table 1 that with both systems
of management, the application of 400 pounds of nitrogen per acre yearly
to all grasses except molasses, was warranted. However, figure 3 shows that
only the 200-pound rate was warranted during the winter months of slow
growth, while it paid to apply at least 400 pounds of nitrogen to these four
grasses during the remainder of the year.

By using the 200-pound rate in winter and the 400-pound rate during
the remaining months, only about 330 pounds of nitrogen would be used
yearly, yet, annual yields would be similar to those obtained with the 400-
pound rate, as shown in table 4. However, these data show that such a
practice further accentuates seasonal variations in yield and would be de-
sirable only when the number of animals can be seasonally adjusted, or

4+ Authors’ unpublished data.
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where forage can be stored as hay or silage, which is usually impractical
on the steep slopes of the humid mountain region.

On the other hand, these data show that seasonal variations can be
greatly decreased by using the 400-pound rate of nitrogen to obtain maxi-
mum yields during the four critical winter months and the 200-pound rate
to reduce summer growth. With such a system, only about 265 pounds of
nitrogen are used per acre yearly, and an additional 50 pounds or so may
be saved by counting on residual effects of the heavy winter applications
(8) and not fertilizing early in spring. Yet, total yields are cut only about

TaBLE 4.—The approximate effect of 3 systems of nitrogen fertilization on yields and
seasonal variations in growth of & grasses cul every 60 days

Yields i d dry § Seasonal variations in yield as
Grass e yearly e | percpatage of winter vields
Al B Cs Al B2 C:
Para 24,000 24,200 20,800 35 46 17
Guinea 23,000 24,100 20,800 50 52 39
Napier 25,200 24,400 22,500 31 37 15
Pangola 23,700 23,900 19,500 40 50 18
Molasses 13,300 13,600 13,700 29 28 29
Average 21,850 | 22,040 | 19,460 | 37 | 42.6 | 23.6

1 A, 400 1b. N per acre yearly in 6 equal applications.

2B, 300 Ib. N in 2 winter applications at the 200-1b. rate, and 4 summer applica-
tions at the 400-1b rate.

3C, 265 1b. N in 2 winter applications at the 400-1b. rate and 4 summer applica-
tions at the 200-1b. rate.

20 percent, and this occurs during the season when forage is abundant.
About 20,000 pounds of dry matter would be produced per acre yearly
with this system by all grasses, except molasses.

Seasonal variations in yield could be further reduced by using a longer
harvest interval to increase yields in winter and a shorter one to reduce
summer yields (8). Such a practice would also reduce seasonal variations in
protein content since the depressive effect of the longer harvest intervals in
winter would be counteracted by the heavier nitrogen applications, while
the shorter harvest interval in summer would help to compensate for the
lower nitrogen rates.

Several variations in yield could also be induced by grazing in summer
while using a lower nitrogen rate and cutting in winter while using a higher
nitrogen rate.
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The higher protein content of the grasses during seasons of slow growth,
the slightly higher protein content of the lower yielding molasses grass, and
the higher protein content with grazing management, are explained by the
concentrating effect of lower yields in the presence of a relatively constant
amount of nitrogen in the soil.

SUMMARY

The productivity of Napier, Guinea, Para, Pangola, and molasses grasses,
as affected by nitrogen fertilization and season of the year under both cut-
ting and simulated grazing management, were determined under conditions
typical of the humid mountain region of Puerto Rico.

Molasses grass yielded much less than the others, all of which were very
similar in yield, response to nitrogen fertilization, and seasonal growth rates
with both harvest procedures, except that Guinea grass outyielded the
others with grazing management. With cutting management and 400
pounds of nitrogen per acre yearly, Napier, Guinea, Para, and Pangola
grasses yielded about 24,000 pounds of dry matter per acre yearly having
about 8 percent of protein. Yields were lower with grazing than with cut-
ting management.

Season of the year markedly affected growth of all grasses with lowest
yields occurring from December through March. Seasonal variations were
accentuated by nitrogen fertilization.

Annual yields of the Para, Guinea, Napier, and Pangola grasses increased
rapidly with nitrogen rates up to 400 pounds. However, response was gen-
erally limited to the 200-pound rate during seasons of slow growth, but was
strong up to at least the 400-pound rate at other times. Molasses grass re-
sponded only to the application of 200 pounds of nitrogen per acre yearly
at all seasons.

Protein content of all the grasses was similar, increased with nitrogen
rates, was higher during seasons of slow growth, and lower with cutting
than with simulated grazing management. Napier grass had the lowest dry-
matter content, while Guinea grass had a markedly higher calcium and
magnesium content than the others. Otherwise, the forages were very simi-
lar in mineral and lignin content.

There was little difference in efficiency of nitrogen utilization by the
highest yielding grasses. Efficiency was lower with grazing management,

higher during seasons of fast growth, and decreased with increasing nitrogen
rates.

RESUMEN

Se estudié la productividad de las yerbas Napier, Guinea, Pard, Pangola
y Melao, con distintos niveles de nitrégeno, durante distintas épocas del



GROWTH STUDY OF FIVE TROPICAL GRASSES 119

afio, cosechdndose por corte y pastoreo simulado bajo condiciones tipicas
de la regién montaiiosa de Puerto Rico.

La yerba Melao tuvo un rendimiento menor que las otras, las cuales tu-
vieron una produccién similar y respondieron al nitrégeno en forma similar.
La yerba Guinea produjo més que las otras en pastoreo simulado. Cuando
se cosecharon por corte y se les aplic6 400 libras de nitrégeno por cuerda
anualmente, las yerbas Napier, Guinea, Pard, y Pangola produjeron alrede-
dor de 24,000 libras de forraje seco por cuerda por afio, con un 8 por ciento
de protefna. Las yerbas produjeron menos cuando se cosecharon simulando
el pastoreo que cuando se cortaban.

La época del afio afectd el crecimiento de las yerbas, las cuales produjeron
los rendimientos més bajos en los meses de diciembre a marzo. Las aplica-
ciones de nitrégeno acentuaron la variacién en el crecimiento durante las
distintas épocas del afio.

El rendimiento de las yerbas Par4, Guinea, Napier y Pangola aumenté
rdpidamente segiin se aumentaban los niveles de nitrégeno, por lo menos
hasta 400 libras de nitrégeno por cuerda por afio. Este aumento fué més
notable durante las épocas de crecimiento rpido. La yerba Melao respon-
dié sélo a la aplicacién de 200 libras de nitrégeno por cuerda por afio.

El contenido de proteina de todas las yerbas fué similar. El contenido
de proteina aumenté segtin aumentaba el nivel de nitrégeno; subié durante
épocas de crecimiento lento, y bajé durante épocas de crecimiento rapido;
¥ fué més bajo cuando se cortaba, la yerba que cuando se simul6 el pastoreo.
La yerba Napier tuvo el contenido m4s bajo de materia seca y la Guinea
el més alto de calcio y magnesio.

Las cuatro yerbas de produccién mis alta difirieron poco en su eficiencia
para utilizar el nitrégeno. La eficiencia de utilizacién de este nutriente fué
menor bajo el pastoreo simulado, subi6é durante la época de crecimiento
rdpido y bajé segiin aumentaba el nivel de nitrégeno.
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