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INTRODUCTION

Napier grass (Penniselum purpureum Schum), a vigorous and highly
productive tropical forage, is grown in Puerto Rico for soilage, silage, and
pasture (11). Its strong response to heavy applications of fertilizers in
humid areas, or with irrigation in dry areas (6), coupled with exceptional
tolerance to repeated close cutting, make this grass species especially suit-
able for intensive management in tropical regions. It is notable also that
Napier grass cxhibits a tolerance to moisture stress, a factor unusual in a
grass of this type requiring relatively large amounts of water for optimum
growth (1,7,14).

Although considerable information has been documented concerning
Napier grass response to fertilizers (2,4,6,8,11,12), height of cutting (3,5,11,-
13) and intensity of use (4,8,9,11,12,15), little information has accumulated
pertaining to harvest readiness of the grass (8). Harvest readiness is con-
sidered to be a stage of plant development during which the maximum
yield of quality forage can be harvested repeatedly over a period of time
suitable to the desired system of management. It is determined by forage
yield, its quality, and the morphological and physiological status of the
plants; the essential compromises being dependent upon purpose of the
planting—whether it is for grazing, for harvesting mechanically, or for
short or long duration. The following ficld experiment with Napier grass
was designed to provide practical guidelines for use by both farmers and
researchers in determining the harvest readiness of Napicer grass.

This paper reports only on the data obtained from tiller measurements,
as related to certain selected characteristics.

EXPERIMENTAL PROCEDURE

An experimental site on San Antén silty clay with a uniform stand of
Napier grass of the Merker variety was selected at the Lajas Substation.
The area was harvested once uniformly and prepared for flood irrigation.
Three harvest regimes were established; at early, intermediate and late
harvest stages. These harvests initially were at approximately 40-, 75- and
100-day intervals beginning November 18, 1965. After the first few har-
vests, however, clipping treatments were adjusted to morphological de-
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velopment of the plants with the early, intermediate and late harvests
occurring when 4-35, 7-8 and 10-12 internodes had clongated to 2.5 em. or
more. These regimes, while not always adhered to strictly, were continued
approximately as indicated until the experiment was terminated on Febru-
ary 7, 1968.

At 1- to 2-weck intervals after suitable regrowth, 12 tillers were taken
randomly from each of the harvest regime plots receiving annual applica-
tions of 455, 285 and 545 kg. of N, P,O;s and K0, respectively per hectare.
A total of 158 12-tiller samples were examined during the course of the
experiment. Iresh and dry weights were determined separately for live
leaves, dead leaves and culms; live leaves, dead leaves and internodes

TanLr 1.—Correlation coefficients calculaled for selected characteristics of
Napier grass wilh various yield componenis!

Dependent variables

Total above ground portion Live leaf portion

Independent variables o
Fresh D Crud D i rude
\\'gﬁgsht weigiat prgltlcig weirg);xt Cm(d‘:elpgrl?tt)em (52?23';3)

Dead leaves (No.) 0.77 0.87 0.64 0.73 0.49 ~0.47
Live leaves (No.) .83 .76 .74 .80 .72 — 47
Internodes (No.) .91 .92 .80 91 .71 — .68
Culm length (%) .89 .89 77 .86 .68 —.63
Dry matter (%¢) A7 .64 44 .57 e —.54
Live leaves (9¢) - .78 —-.77 — .08 - .77 —.062 .67

1 All correlations were significant at the 99-percent level of probability. Analyzed
values were obtained from 158 12-tiller samples.

longer than 2.5 em. were counted separately; total culm length was meas-
ured; and cach component was analyzed for nitrogen by the ISjeldahl
method. Total fresh weight, dry weight, percent dry matter and crude
protein content were calculated. Harvest treatments were made by clipping
entire plots to approximately 5 to 10 cm. above the soil with a Gravely
sickle-bar mower. Irrigation was applied when needed to maintain soil
moisture adequate though not necessarily optimum for plant growth.

RESULTS AND DISCUSSION

Several of the plant characters considered appear uscful as guides for
determining desirable harvest stages of Napier grass. All correlations calcu-
lated and shown in table 1, were significant at the 99-percent level of proba-
bility. Internode counts were most closely correlated with total fresh weight,
dry weight, crude protein, live-leaf dry weight and percent protein, showing
correlation coefficients of 0.91, 0.92, 0.80, 0.91 and —0.68, respectively.
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This count provides a convenient index to harvest readiness, as the number
of elongated internodes is a measure casily determined in the field without
instruments. Total culm length gave similar correlations with the same
dependent variables and should be considered a satisfactory parameter for
determining harvest readiness. Leaf counts might have given equally close
correlations if live and dead leaves had been lumped together. However,
losses of some lower dead leaves inevitably occur. Live-leaf counts cor-
related well with total live-leaf dry weight and with live-leaf crude protein,
showing coefficients of 0.80 and 0.72, respectively. Percent of leaves has
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FiG. 1.—Percent composition by live-leaf, culm and dead-leaf components of
Napier grass tillers sampled at various stages of culm elongation. Internode counts
indicate the number of internodes elongated to 2.5 em. or more per tiller.

been suggested as a possible guide to harvest readiness (11) and this guide
appears suitable according to data obtained in this study. Percent live
leaves gave highly significant negative correlation values with all dependent
variables except for percent crude protein. Percent crude protein correlated
negatively with all other independent variables.

The number of clongated internodes per tiller was the most consistent
morphological character considered useful as a guide for harvest readiness
of Napier grass. Figures 1, 2 and 3 illustrate relationships between inter-
node counts per tiller and some selected yield components. These illustra-
tions are essentially growth rate curves plotted against a measure of growth
other than time.
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F16. 2.—Crude protein of total above ground portion, live leaves and culms of
Napier grass tillers sampled at various stages of culm elongation. Internode counts
indicate the number of internodes elongated to 2.5 em. or more per tiller.
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F16. 3.—Dry matter content of total above ground portion (A), culm (B), live
leaves (C) and dead leaves (D) of Napier grass tillers sampled at various stages of
culm elongation. Internode counts represent the number of internodes elongated to

2.5 em. or more per tiller,
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By the time approximately 10 internodes were elongated, the forage
composition was about 30 percent leaves and 50 percent culms (fig. 1).
Dead leaves accounted for only a minor portion of the above ground tissue
at this growth stage. Beyond the 10-internode stage, curves for live leaves
and culms were almost levelling off; this tendency began soon after the 6-
internode stage of development.

Crude protein production per tiller (fig. 2) reflects the percent composi-
tion trends shown in figure 1, except for the apparent steepening of the
curve for crude protein in the culms during the late growth stages. Protein
of the two components shown, live leaves and culms, combined to form a
linear relationship (¥ = 4.71 + 0.16X) between total crude protein con-
tent (Y) in g. per tiller and internode counts (X).

The rate of increase in total dry matter per tiller (fig. 3) steepened with
increasing internode counts through most of the range of these data. This
was accounted for by increasing leaf area while sustaining a high cfficiency
of photosynthesis. It is likely that these curves would have flattened if the
data were extended to include tillers with greater numbers of elongated
internodes. Although flowering has often occurred by the 14- to 16-inter-
node stage, internodes have been observed to continue development until
20 or more have grown to lengths greater than 2.5 em., a minimum measure
arbitrarily selected for the purpose of this experiment.

If total yield were the only consideration, harvests apparently should be
delayed until the 12- to 14-internode stage or longer to keep the plant
operating in the steepest growth phasc. Total crude protein showed a
straight-line increasc to the 14-internode stage or later; however, live-leaf
protein showed a levelling-off trend beginning at a much carlier stage of
tiller development. These observations indicate that under intensive
management systems of cutting and iceding Napier grass as silage or soilage
late harvesting may be desirable, if the animals accept all portions of the
harvested material. On the other hand, data from the harvest stage experi-
ment conducted in conjunction with this work showed that harvesting
after 7-8 internodes had begun clongation resulted in total dry matter
vields equal to and crude protein yields greater than later harvesting (8).

Pasturing Napier grass, no doubt, presents a totally different situation.
Whether a regrowth response occurs similar to that following mechanical
harvesting is not known. If the above data are applicable, they suggest that
frequent carly grazing of regrowth would be desired. With grazing, the
live-leaf portion is presumably the principal product consumed and the
main interest would be in the growth rate and protein content of this com-
ponent of the plant.

Regardless of the system of management or use to be made of this crop,
occasional measurements of one of the considered morphologieal charac-
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ters of the plant should serve as a useful guide to harvest readiness of
Napier grass. Such a guide would be particularly valuable in a resecarch
program in which a unit of measurc more consistent with the physiological
development of the plant could be used as a substitute for the more con-
ventional use of units of time for scheduling harvest treatments.

SUMMARY

A Napier grass harvest-readiness rescarch project was conducted over a
period of 811 days at the Lajas Substation, on San Antén silty clay with
supplemental irrigation. Harvest frequencies were applied according to
internode development of randomly sampled tillers throughout the duration
of the experiment.

Number of internodes longer than 2.5 em. correlated most closely with
total fresh weight, total dry weight, total crude protein, live-leaf dry weight
and live-leaf percent crude protein, showing correlation coefficients of 0.91,
0.92, 0.80, 0.91, and —0.68, respectively. Culm length data correlated
similarly well. All correlations calculated were significant.

Crude protein and dry matter production per tiller were plotted against
number of elongated internodes for cach above ground plant component.
Also, pereent of each plant component of sampled tillers was plotted against
internode counts. These curves arc useful in estimating desired harvest
readiness stages for this spccies.

The number of clongated internodes or total culm length are suggested
as useful practical guides to determine harvest readiness of Napicr grass.
Harvesting at an intermediate stage when 8 to 10 internodes have begun
elongation appears most satisfactory for obtaining high yields of good
quality forage.

RESUMEN

Este estudio se llevé a eabo por un periodo de 811 dias en la Subestacién de Lajas
en un suelo San Antén limo-arcilloso con riego suplementario. El propésito fue es-
tablecer normas que pudiesen servir de guia para cosechar la yerba Napier. La fre-
cuencia de las cosechas (cortes) se regulé de acuerdo al desarrollo de los entrenudos
de vidstagos cogidos al azar y sirvié para establecer las normas respecto a dicha
frecuencia.

Los datos indican que hubo una correlacién més estrecha entre el ndmero de en-
trenudos de més de 2.5 em. y el peso fresco, peso seco, proteina bruta total, y peso
seco y porcentaje de proteina bruta de las hojas verdes. Estos arrojaron coeficientes
de correlacién de 0.91, 0.92, 0.80, 0.91 y —0.68, respectivamente. Con respecto al largo
de las caiias, la correlacién fue similar. Todas las correlaciones fueron significativas.

Se traz6 una curva para la produccién de proteina bruta y forraje seco por caiia en
contraste con el nimero de entrenudos alargados para cada uno de los componentes
de la planta sobre el nivel del suelo (cafias, hojas verdes y hojas secas). También, el
porcentaje de cada uno de estos componentes se contrasté con el ntimero de entrenu-
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dos contados. Estas curvas son ttiles para estimar con facilidad el momento propicio
para cosechar esta especie.

El ndmero de entrenudos alargados o la longitud total de la cafia también se su-
gieren como guias ttiles para determinar dicho momento en el caso de la yerba Napier.
El cosechar en una etapa intermedia, cuando de 8 a 10 entrenudos han comenzado
a alargarse, parece ser lo mds satisfactorio para obtener altos rendimientos de forraje
de buena calidad.
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