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Abstract
The objective of this study was to compare and explain the variations in the production and nutritive 
value of canarana erecta lisa grass (Echinocloa pyramidalis Lam.) at different harvest intervals. The 
treatments corresponded to the cut intervals of 20, 27, 34, 41, 48, 55, 62, and 69 days. The 
experimental design was a randomized complete block design with three replications. Each 
experimental unit had 6m2 (3m ×2m). The variables studied included forage production, canopy 
height, and nutritive value o harvested forage. Forage production varied from 11517 to 12324 kg ha-

1; Plant heights from 48.8 to 234 cm; Neutral detergent fiber (NDF) from 68.8% to 71.13%; Acid 
detergent fiber (ADF) from 36.20% to 44.15%; Crude protein (CP) from 11.43% to 5.85% and in “in 
vitro” dry matter digestibility (IVDMD) from 63.30% to 47.42%. These values indicated that the 
nutritive value of canarana erecta lisa was reduced at longer harvest intervals. It is recommended to 
harvest the grass at 35 days of regrowth favoring productivity, nutritive value and forage digestibility.
Keywords: ages of regrowth, canopy height, digestibility, herbage accumulation

Resumo
O objetivo do estudo foi comparar e explicar as variações na produção e valor nutritivo do capim 
canarana erecta lisa (Echinocloa pyramidalis Lam.) em diferentes intervalos de corte. Os tratamentos 
corresponderam aos intervalos de corte de 20, 27, 34, 41, 48, 55, 62 e 69 dias. O delineamento 
utilizado foi o de blocos completos casualizados com três repetições, totalizando 24 unidades 
experimentais de 6m2 (3m x 2m) cada. Foi avaliado a produção de forragem, altura do dossel e valor 
nutritivo da forragem colhida. A produção de forragem variou de 11,517 a 12,324 kg MS ha-1 e a 
altura dossel de 48,8 a 234 cm com menores valores quando o capim foi cortado no menor intervalo 
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de corte.  Os teores de fibra detergente neutro (FDN) variaram de 68,80 a 71,13%, fibra detergente 
ácido (FDA) de 36,20 a 44,15%; proteína bruta (PB) de 11,43 a 5,85%; e digestibilidade “in vitro” 
da matéria seca (DIVMS) de 65,3 a 47,42%, ou seja, foram reduzidos quando os pastos foram 
cortados em intervalos de corte mais longos. Recomenda-se o corte do capim aos 35 dias de 
rebrotação favorendo a produção, valor nutritivo e a digestibilidade da forragem. 
Palavras chaves: acúmulo de forragem, altura do dossel, digestibilidade, idades de rebrotação,
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Introduction

Most Brazilian cattle heard are kept in grazed pastures, which constitute the main supply of nutrients 
and the basic source of feed for the animals, characterizing the most economic form of production, 
contributing to reduced production costs(1). As a result, most of the production of meat, and part of 
the production of milk and its derivatives, comes from production systems based on native or 
cultivated pastures, with a great dependence on forage production(2).

Forage grasses occupy a prominent place in pasture formation. The choice of the best forage plant for 
a given locality is dependent on the soil and climatic conditions, since it can compromise the whole 
productive process of the forage crop, influencing the economic viability of the activity. In order to 
exploit the full productive potential of a forage grass, aiming for increased animal production, it is 
necessary that, in addition to the appropriate choice of forage crop, adequate harvest management. 
For this, it is necessary to understand the production potential and variations in the forage nutritive 
value under different environment and management conditions, in order to optimize the stocking 
rate(3).

In marginal areas, much of the soils used for forage crops suffer from flooding due to the movement 
of river water and rainfall; this is a common situation in the tropics, especially in areas located near 
riverbeds(4). In the region of Baixo Parnaíba in particular, pastures located on the banks of the Igaraçu 
River are subjected to temporary flooding or flooding of the soil during the rainy season. In this 
region, canarana erecta lisa is extensively exploited by local producers(5).

Canarana erecta lisa (Echinocloa pyramidalis Lam.) is a perennial forage grass native to tropical 
Africa, with a presence throughout tropical America. It can reach 3 to 4 meters in height. It grows 
and develops well in flooded areas with poorly drained soils, and is well accepted by ruminants(6). 
From empirical observations, it has shown good adaptability to poorly drained conditions, but little 
is known of its true productive potential, especially, in the areas that are subject to flooding in 
northeast Brazil.

Despite the lack of technical information, producers use canarana erecta lisa with great success, 
mainly in the north and mid-north regions of Brazil. In the Amazon floodplain, the forage has shown 
good adaptability, and has been successfully used in pasture formation(7); therefore, it is one of the 
most promising crops for the high and low floodplains of the Pará River(8).

The region of Baixo Parnaíba, which comprises 14 municipalities in the states of Piauí, Ceará and 
Maranhão, is one of the largest and most traditional dairy basins in northeastern Brazil. It is also 
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where canarana erecta lisa is considered a good option for forage production. In this context, the 
present research aimed to determine the productive and nutritive value of canarana erecta lisa, under 
different harvest intervals.

Material and Methods

This research was conducted in an experimental area adjacent to the Fisheries Unit of Parnaíba, 
municipality of Parnaiba, Piauí, Brazil. The municipality is located on the left bank of the Igaraçu River. 
The climate at the site is a tropical with summer rains, Aw, according to the Köeppen-Geiger classification. 
The region presents annual averages of 74.9% for relative humidity, 987 mm of precipitation, 
concentrated in the period from January to June, and an average air temperature of 27.9 °C(9).

For this experiment, we sought a location whose soil and climatic conditions allowed us to most 
faithfully portray the crop management conditions used by farmers. We also decided not to fertilize 
or irrigate the soil.

For the beginning of the experiment, a uniformity cut was made 10 cm from the soil. The soil was 
59.5% clay and 31.6% silt, whose analyses, conducted at the Embrapa Soil Fertility Laboratory, 
presented the following chemical composition: pH = 4.4; Ca + Mg = 20.70 cmolc/dm3; Al = 0.90 
cmolc/dm3; P = 14.4 mg/dm3; K = 0.6 cmolc/dm3. The area remains flooded for much of the year, 
and has a high moisture content for the rest of the year.

The experimental area was divided into three blocks, with eight experimental units of 6 m2 each (3 x 
2 plots), where the treatments were allocated. The treatments corresponded to eight intervals between 
cuts (20, 27, 34, 41, 48, 55, 62 and 69 days of regrowth). The experimental design was in randomized 
complete blocks with eight treatments (cut intervals) and three replications (plots), totaling 24 
experimental units.

Immediately before cutting, for each studied interval, canopy height was measured using a graduated 
ruler. The plots were cut 10 cm from the soil, and the forage was harvested within the useful area of 
1 m2 to determine the forage accumulation. The total forage mass harvested was weighed using a 
digital scale. From the cut material, a subsample was removed and placed in a paper bag, weighed 
and taken to a forced air-dryer at 60 ºC for 72 h. After drying, the subsamples were weighed and 
ground in a Wiley mill to pass to 1 mm screen before analysis. Approximately 3 g of each sample 
were dried at 105 ºC to correct forage dry matter content. The samples were analyzed for dry matter 
(DM), neutral detergent fiber (NDF), acid detergent fiber (ADF), crude protein (CP) and in vitro dry 
matter digestibility (IVDMD), according to the methodology described by Silva and Queiroz(10).
Data analysis was performed by regression using the PROC REG procedure of the statistical package
SAS(11). The model was chosen based on the coefficient of determination (R2), the significance of the 
regression and its coefficients, and the biological logic of the variables under investigation.
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Results and Discussion

Forage production increased exponentially (P < 0.01) (Figure 1).

The lesser forage production was observed when canarana erecta lisa was cut at 20 days of regrowth, 
with 11517 kg ha-1, and the greatest forage production was at 69 days, with 12324 kg ha-1. The 
difference between the production of forage harvested at 20 days and 69 days was very small (only 
807 kg DM ha-1), indicating that this grass can be very productive, even with the adoption of a 
relatively short harvest interval (20 days). When analyzed based on the equation from Figure 1, it was 
observed that, over the harvest intervals of 20 to 35 days, a greater dry matter accumulation rate 
occurred, probably due to a better photosynthetic capacity of the plant, since during this period the 
plant was in a vegetative stage. The lesser increase in forage production after 20 days, was probably 
a result of the beginning of the reproductive development of the grass. It is important to highlight that 
the forage production was measured in one harvest, and does not take into account the effect of the 
used of 10 cm stubble height in following regrowth. However, it is evident that the adoption of longer 
harvest intervals did not favor forage accumulation, indicating that regrowth intervals between 20 
and 35 days are sufficient to guarantee high forage production.

The curve of dry matter accumulation during the evaluation period is similar to that observed by 
Rodrigues and Rodrigues(12), who described the standard curve of tropical forage grasses during their 
growth period. It is important to note that the variation in forage accumulation between the cut 
intervals was reduced, but even so, it was possible to observe that, in the longer harvest intervals, a 
stabilization tendency occurred. This is in accordance with Andrade et al.(13), who noted that as a 
plant ages, the dry matter content tends to increase, with stabilization at the end of the cycle. In this 
study, the observed production of dry matter per harvest was much higher than that observed by 
Abreu et al.(14); they found an average yield of 617 kg ha-1 in four cuts at different times of the year 
when evaluating the productive potential of canarana erecta lisa under rotational grazing in flooded 
areas of the Amazon.
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Canarana erecta lisa grass was very productive, comparable to elephant grass (Pennisetum purpureum
Schum). For elephant grass, Queiroz Filho et al.(15) reported a total DM production of 30.9 t ha-1 at 100 
days with nitrogen fertilization and Wijitphan et al.(16) observed dry matter yields of 5973 kg ha-1, 6096 
kg ha-1, 6366 kg ha-1 and 6491 kg ha-1 for the heights of 0, 5, 10 and 15 cm, respectively. Rodrigues 
et al.(17), studying the effect of the cut on forage yield, observed the production of 4.09 t ha-1, 6.96 t 
ha-1 and 9.17 t ha-1 of dry mass of Tanzanian grass [Megathyrsus maximus (Jacq.) B.K. Simon & 
S.W.L. Jacobs cv. Tanzania] at harvested every 28, 56 and 84 days under irrigated conditions in the 
coastal trays of Piauí.

Differently to forage accumulation, the canopy height of canarana erect grass increased linearly 
(P<0.01) as the cut was performed in a larger harvest interval (Figure 2).

The heights varied from 48.82 cm to 234.04 cm, for 20 and 69 days, respectively, with daily growths 
of 3.78 cm, indicating that canopy height increased as harvest interval was longer. Even with linear 
growth until the end of the evaluated period, the plants had begun the reproductive phase at around 
35 days, suggesting that the cut should occur before or around this regrowth interval. At 35 days, 
canarana erecta lisa will be approximately 106 cm high, more than double its height at 20 days. In 
this study, as with most tropical grasses, variation in height resulted in an increase in forage 
production, but this increase was not linear; similar results were reported by Euclides et al.(18), 
Gomide(19) and Muia et al.(20).

Neutral detergent fiber (NDF) and acid detergent fiber (ADF) values increased linearly (P< 0.01).
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At 20 days of regrowth, the NDF and ADF values were 68.80 and 36.20%, and at 69 days, they were 
71.13 and 44.53%, respectively. The daily variations for both NDF and ADF were 0.17%. This 
behavior is in accordance with that of most tropical grasses, with daily growth increasing linearly as 
a function harvest interval. At 35 days, the NDF and ADF values were 71.35 and 38.75%, 
respectively. These data corroborate with Gomide et al.(21) and Van Soest(22), who found that the fiber 
content of tropical grasses increases as age progress, with a tendency to stabilize around 12 weeks.

The increase in the fiber content, verified in this work, could possibly affett the animal intake and 
digestibility of the grass, because these components are inversely related. This situation demonstrates 
an interdependence between these parameters. According to Craine(23), voluntary intake of dry matter 
and digestion are closely related to the concentration of NDF and ADF; higher concentrations mean 
less voluntary consumption and less digestion. The same author also demonstrated that an increase 
of the fibrous components leads to a decrease in the protein content of the forage.

Chemical composition and forage digestibility are strongly influenced by plant age, and an increase 
in neutral detergent fiber is associated with a decrease in crude protein and digestibility(24). According 
to Van Soest(25), are closely related to the cell wall, which increases progressively with the maturity 
of the plant, becoming a larger portion of the cellular constituents. In addition, there is an increase in 
lignin content, which is associated with cellulose and hemicellulose, restricting the attack of the 
digestive enzymes, consequently decreasing the digestibility of the fiber.

The crude protein content, according to the regression analysis, was hyperbolically adjusted (P<0.01; 
Figure 4).

Crude protein values ranged from 11.43% to 5.85%, for 20 to 69 days, respectively. The greatest 
levels of CP, verified in the initial phase of the treatments, were probably due to the greater leaf 
proportion and lesser stems, with a consequent elevation of the leaf/stem ratio, contributing to a 
greater forage nutritive value. The greatest proportions of leaf are considered indicators of good 
forage characteristics that are considered qualitatively superior, with the highest CP contents and the 
great digestibility(26).
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The decrease in CP values can be explained physiologically, such as the export of nutrients to sites 
of greater activity in the plant, as well as the possible fixation of nitrogen in the structures of the cell 
wall, and the greater presence of dead or senescent leaves. In this study, at 35 days of regrowth, 8.06% 
crude protein was reached; levels below this value could be limiting for the production of ruminants. 
For adequate bacterial activity in the rumen, the diet must contain at least 8% crude protein; below 
this level, the digestibility of the food is compromised. Thus, for minimum animal performance, 
forage must have a minimum of 8% crude protein in the dry matter to meet the nitrogen requirements 
of rumen bacteria(27). However, at 45 days, a value of 7.07% CP was reached, which is only sufficient 
for maintenance in animals. Braga et al.(28) observed a crude protein content of 6.64% in canarana 
erecta lisa at 42 days.

According to Gerdes et al.(29), for some tropical grasses, crude protein contents lower than 7% make 
them difficult to digest, due to inadequate nitrogen levels for rumen microorganisms. Minson(30) notes 
that values lower than 7% are limiting for the production of ruminants, as they lead to lower voluntary 
consumption and reduced digestibility. According to Rodrigues et al.(31), 7% is the minimum 
acceptable level of crude protein in a grass. When analysing the evaluated period, relating crude 
protein contents with the other components, as observed in Figures 1, 2, 3 and 4, 35 days of regrowth 
appears to be the best harvest interval for canarana erecta lisa.

A linear decrease (P<0.01) IVDMD was observed (Figure 5). Values varied from 65.30% at 20 days 
of regrowth to 47.42% at 69 days, with daily decreases of 0.365%. This behavior is physiologically 
justified, since, as the plant ages, there is a decrease in dry matter digestibility due to an increase in 
lignification, and there is a negative relationship between digestibility and the fibrous components.
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The greatest changes in the chemical composition of forage plants are those due to maturity; as the 
plant matures, the production of potentially digestible components tends to decrease, while the 
proportion of lignin, cellulose, hemicellulose and other indigestible fractions increases, leading to a 
decrease in digestibility(32). Bueno et al.(33) noted that, as plant maturity progresses, dry matter 
digestibility decreases due to an increase in lignification. In this study, relating digestibility with its 
nutritive valye, we verified that this grass is best used at around 35 days of regrowth. At this age, the 
digestibility is 59.83%. After this point, forage nutritive begins to be compromised, independently of 
the values obtained for the other evaluated factors.

Conclusion

Under the edaphoclimatic conditions of the study region, canarana erecta lisa should be harvested 
until 35 days of regrowth; at this moment, the plant presents its best nutritive value. The use of longer 
harvest intervals resulted in little increase in forage production compared to 20-35 harvest intervals 
and reduced forage nutritive value, which may compromises its use in the most varied animal 
production systems.
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