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ABSTRACT

In semiarid regions, the increasing cost of imported forage is encouraging its replacement  by on-farm produced fodder
crops. The aim of this study was to characterize the nutritive values of maralfalfa grass (Pennisetum sp.) in function of
different harvest frequencies under subsurface drip irrigation. During 2009 a maralfalfa grass experiment was conducted
in a field of 8000 m2 on allophanic soils in the island of Hierro (Canary Islands), under subtropical climate. In a
randomized block design, one linear meter from three different rows was sampled of plants from 30 to 120 days. In a 50
m2 subplot, biodegraded liquid pig manure was applied. Crude Protein (CP) in plants was determined with and without
it. Another objective was to calculate N uptake which was added by manure and, the N depletion in soil in organic
farming production. The results showed that the optimum age for harvesting was 55-60 days and also allowed to obtain
relationships between CP and the age of the plant. Our results demonstrate that, in order to obtain high yields of
maralfalfa by organic farming, the maximum animal residue use of 240 kg N ha-1 year-1 recommended by the European
Community Directive 91/676/EEC should be increased.
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INTRODUCTION

Animal feeding in arid and semiarid zones is
largely dependent on forages for ruminants. In the Canary
Islands, as in many other semiarid regions, scarcity of
forages has limited the livestock development and
approximately 2/3 of total forage consumed is imported.
According to Canary Island Government (Plan Ganadero
de Canarias, 2010), imported food represents 52% of the
total production costs. In the case of El Hierro Island its
dependency is 90% for goat, 10% for sheep (grazing still
remains a primary source) and 40% for cow feeding
(Fernandez, 2008). A large percentage of production
costs depend on imported feed, representing economical
and strategically problems for the farmer. Current
research is directed towards the possibility of replacing
the imported forage with on-farm produced feeds to cover
the ruminant nutrient requirements. On the other hand,
the program for sustainable development of El Hierro,
involving all economic sectors, has been enforced since
1995, well before reaching the status of biosphere reserve
in year 2000 (UNESCO, 2007). Thus, in this context,
organic farming plays a fundamental role. Natural
pastures are grazed in the high part of the island, where
the rainfall and trade winds wet the soil. Instead, at the
sea level there is not enough rainfall to produce animal
feed, so irrigation is necessary. Marquez et al. (2007)
demonstrated that maralfalfa grass (Pennisetum sp) is an

alternative to increase forage availability for livestock
due to its dry matter productivity and nutritive values. In
this sense, maralfalfa grass was introduced in 2009 in El
Hierro Island as a high yielding perennial fodder grass, to
overcome part of this deficit for livestock feed. Also, a
new drip irrigation system was installed. Yet, as occurred
in other parts of the world with elephantgrass
(Pennisetum purpureum Schum.), its success will depend
upon the evolution of a comprehensive package of agro-
technology compatible with the local agro-climatic
conditions (Yasin et al., 2003).

The bibliographic references about origin and
classification are scarce and sometimes contradictory.
Some authors referred to maralfalfa as Pennisetum
purpureum x Pennisetum glaucum (Clavero and Razz,
2009) while others mentioned it as Pennisetum spp
(Ramirez et al., 2006; Sosa et al., 2006), Pennisetum
hybridum (Correa et al., 2002), Pennisetum hybrids
(Meissner, 1997) or as a specific genotype of Pennisetum
purpureum (Marquez et al., 2007). The taxonomic
confusion originates on the different names assigned to
Pennisetum genera and its different sp. and hybrids.
Pennisetum purpureum Schum., Elephant grass, Napier
grass or Mott grass (Sarwar et al., 1999) is mentioned to
hybridize with P americanum (L) Leeke, also designed as
Bana grass (Zeven and Wet, 1982), King grass (Cook et
al., 2005).

The nutritional value of maralfalfa grass has
been described by Clavero and Razz (2009), Macoon et
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al., (2001), Correa (2006) and Marquez et al., (2007). All
authors agree in plant-age dependence of the nutritive
values. However, there are discrepancies on the absolute
values of the different nutrients, mainly total nitrogen
(TN) or crude protein (CP). Probably these differences
may be attributed to agro-ecological variations among
local conditions, or to differences in fertilization and
irrigation programmes applied, which are seldom
reasonably described. A good exception was published by
Rowena et al., (2007). Also there is not enough
information on the differences between leaf blade and
leaf sheath composition of maralfalfa and its variations
with age. This is a determinant factor to explain the total
herbage yields (Macoon et al., 2002) and probably, the
nutritive value differences. Consequently, all of the
nutritive values of maralfalfa must be established before
its introduction for ruminant nutrition, especially when
cultivated in volcanic soils. Moreover, as organic farming
is the culturing method, the optimum levels of manure
application must be determined. This work has the
following objectives: (i) to characterize the nutritive
composition of maralfalfa grass through different cut-off
frequencies under drip irrigation in Canary Island
conditions to obtain the optimum nutritive values and
yield, (ii) to calculate N uptake which was added by
manure and, the N depletion in soil in organic farming
production, and (iii) to evaluate the rationality of the local
irrigation practices.

MATERIALS AND METHODS

Experimental plot: During 2009 a maralfalfa
grass experiment was conducted in a field of 8000 m2

situated at sea level in El Hierro Island (Canary Island),
27°44′ N 18°03′ W. An automatic weather station was
already set in the field in 1999. Rainfall was 157 mm
during the experimental period and 218 mm during 2009,
compared with the 10 year average of 271 mm. Mean of
minimum temperatures (Tm) from May to November are
presented in Table 1 and were always above 15ºC, cited
as the lower temperature which produced little growth
(Cook et al., 2005). Absolute minimum temperatures (Tm
abs) for the same period were always above 10 ºC, which
is mentioned by the same authors as the growth ceasing
temperature while the absolute lower temperature for a
ten years period is 11.2 ºC.  Data from a longer period
were obtained from other non-automatic station situated
in Orchilla.

The field soil is of recent volcanic origin and
contains large amounts of amorphous materials. This soil
was sampled at three different times (Table 2): the first
one was at the beginning of the experiment (before
manure, BF), the second one was after goat manure and
gypsum amendment application (after manure, AF) and
the last sampling was 7 months after the plant transplant
(AT). The goat manure application consisted on 62500 kg

ha-1, adding approximately 250 kg N ha-1. It is considered
that the half of this quantity (125 kg N ha-1) is available at
the first year (MARM, 2010). Also, at this moment, 186
kg ha-1 of gypsum was applied, trying to ensure the soil
structural stability. The criteria required for andic
properties both in the Soil Taxonomy (Soil Survey Staff,
1999) and in the WRB World Soil Resources (IUSS
Working Group, 2006) are fulfilled for the Al and Fe
extracted by ammonium oxalate: the values for (Alo+
1/2Feo) were always greater than 5%. However, as a
consequence of continuous cropping of the field, soil
bulk density and phosphate retention have been reduced
to values slightly lower than those required for andic
properties, especially in surface layers.

In a subplot of 50 m2, besides the goat manure
application, a biodegraded liquid pig manure of 5000L
was applied in October 2009. This application added
approximately 0.12 kg N m-2 (MARM, 2010), equivalent
to 1185 kg N ha-1. No liquid manure was applied in the
rest of the experimental area of 8000 m2.

Maralfalfa was planted in the whole field on 4th
of May 2009; rows were 0.75 m apart, with plants 0.30 m
apart within each row.

Forage characterization: One linear meter from three
different rows was sampled from the experimental field,
of each age of plant considered (120, 30, 50, 60, 70, 86
and 90 days), in order to characterize the nutritive value
of maralfalfa grass by plant age and soil depletion by
time (Table 3). The first cut off was 120 days after the
transplant and the whole field of 8000 m2 was harvested.
Then, for a second harvest, the plot was divided in six
parts, those were cut after 30, 50, 60, 70, 86 and 90 days
of regrowth. A third cut of plants aged 40 and 56 days
was collected in lines that had been cut in the second
harvest after 30 days.

This study quantified in all the maralfalfa
samples: contents of Neutral Detergent Fiber, NDF;
Neutral Detergent Fiber not assayed with a heat stable
amylase and expressed exclusive of residual ash,
NDFom; and Acid Detergent Fiber, ADF, (Van Soest et
al., 1991). N was determined by dry combustion in
LECO CNS 2000 and the percentage of dry matter, DM,
in an oven at 60ºC to constant weight. The crude protein,
CP, in plant tissue was calculated as 6.25 times N.

Separated nutritive values from leaf and sheath
of maralfalfa grass from samples 70 and 86 (second
harvest) and 40 and 56 (third harvest) were also
determined.

The study also compared the CP for the same
age of harvest and at the same date (90 days after the first
harvest) with the biodegraded liquid pig manure
application described above (sampled in the 50 m2

subplot) and without it (sampled in the rest of the field).

Irrigation system: Ground water was applied by a new
drip irrigation system with integral drippers spaced 0.3 m
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with delivery rates at 8 l hour-1, being an abnormal large
flow for drip irrigation. The lateral lines were spaced to
0.75 m. Irrigation was provided during 2 hours and
approximately 3 times per week, according to the water
management practices applied by the local farmers who
are used to lower flow rates.  The weather station
information was not used for irrigation in this
experiment.

Soil Analysis: Organic carbon, OC, and nitrogen, N,
were determined by dry combustion with a LECO CNS
2000 analyzer. Soluble salts were estimated by the
electrical conductivity, EC of the 1:5 (soil to water ratio).
Available nitrate and sulphate were also determined by
extraction with 0.01M calcium chloride. Nitrate and
sulphate were analyzed by ionic chromatography.
Available soil phosphorus, P, was determined according
to Olsen and Sommers (1982). Exchangeable cations
were extracted with buffered ammonium acetate at pH 7.
The extracted cations, K, Ca, Mg and Na were analyzed
by ICP.

Statistical analysis: Analyses of variance (ANOVA)
were carried out using statistical Packaged SPSS (version
17) by the Generalized Linear Model procedures for
nutritive values of maralfalfa. The model includes the
effect of age of cutting, harvest and their interactions and
also the effect of leaf and sheath separately considered.
Mean separation was tested using the least significant
difference (LSD), considering P= 0.05

RESULTS

Table 4 presents the CP, NDF, NDFom and
ADF contents of different defoliation periods of
maralfalfa grass for the whole plant on the dry matter

content. The values are ordered according to the age of
the plant and the harvest number in order to evaluate the
effect of both the age of the plant and soil N depletion.
As expected, CP diminished as the plant grew old.
However, it is necessary to take into account another
factor than the age of the plant to explain the observed
trend: the harvest number, because plants from harvest 2
had significantly higher values than harvest 3 ones.
Significantly lower CP values in harvest 3 was caused by
the N depleting of the soil reserves which proceeded
mainly from the first application of solid goat manure. In
Table 2, seven months after transplant (AT), it can be
observed lower nitrate and N contents in soil. Thus, the
older leaves from the 2nd harvest had higher CP values
than the younger leaves from the 3rd harvest, which
demonstrated N deficiency as a result of plant
extractions. In fact, the data showed statistical differences
when comparing the CP for the same age of harvest (90
days after the first harvest) in the subplot of 50 m2 in
which the pig manure was added: 9.51 ± 0.54 %, with the
rest of the field (without pig manure application): 4.44 ±
1.05%.

On the contrary, NDF and ADF increased
slightly as the plant grew older with time but did not
show the mentioned harvest influence. Some results
showed some outliers, probably due to sampling
problems.

Leaf and sheath nutritive values of maralfalfa
grass from the samples: 70 and 86 (second harvest) and
40 and 56 (third harvest) are presented in table 5. Leaf
values of CP both for the second and the third harvest
were significantly higher than sheaths. As observed, there
were no differences among the sheath values between the
second and the third harvest.

Table 1. Climatic characterization during the experimental period and for ten years average. t: temperature (ºC), TM:
Mean of Maxima temperature, Tm: Mean of minimum temperature, TM Abs: Absolute Maxima temperature
for the period studied, Tm Abs: Absolute minimum temperature for the period studied, H: Humidity (%),
HM: Mean of Maxima humidity, Hm: Mean of minimum humidity, Pi: Monthly precipitation (mm), rad:
mean monthly radiation (MJ/m2), ETPM: evapotranspiration (mm) using Penmann-Montheith method.

t TM Tm TM
abs

Tm
abs

H HM Hm Pi rad ETPM

May 09 19.4 22.3 16.5 23.5 14.6 65.5 74.7 54.1 0.4 25.4 144.1
June 09 21.6 24.6 18.3 26.2 16.4 69.4 77.6 58.7 6.0 26.4 148.4
July 09 24.0 27.4 20.8 30.3 19.3 67.5 77.7 55.5 0.0 28.5 176.0

August 09 24.1 27.3 21.3 31.4 19.6 64.8 74.1 53.0 0.0 24.0 157.3
September 09 23.3 26.7 20.3 28.5 18.4 67.7 77.5 56.0 15.8 19.8 118.5

October 09 23.1 26.8 20.0 29.1 18.4 68.8 78.1 56.8 3.6 18.9 107.3
November 09 20.9 24.6 17.8 27.0 14.5 65.7 76.9 51.4 45.2 14.1 88.1
10 years avg 20.6 30.6* 11.9** 36.94 10.36 65.2 88.6 30.8 270.9 18.5 1410
50 years avg 20.9 29.1* 13.4** 42 8.6 *** *** *** *** *** ***

*) Mean of Maxima temperature in month having highest mean **) Mean of minimum temperature in month having lowest mean
***) No available data
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Table 2. Soil characterization, pH, electrical conductivity, EC 1:5 (dS/m); Carbon, C (%); Total Nitrogen, N (%); Organic
Matter, OM (%); Carbon/Nitrogen ratio C/N (%); Nitrate, N03

-(mgkg-1); Sulphate, S04
2- (mgkg-1); Olsen

Phosphorus, P(mgkg-1); Exchangeable Cations, (cmolc.kg-1): Potassium, K; Calcium, Ca; Magnesium, Mg and
Sodium, Na, before (BM) and after manure and gypsum application (AM), before planting, and seven months after
the plant transplant (AT).

Soil pH EC*) N O.M C/N N03
- S04

2- P K Ca Mg Na
BM 7.6 0.24 0.13 2.78 12.30 23.37 71.8 24.74 2.30 11.94 5.46 3.34
AM 7.2 2.07 0.26 4.97 11.28 119.53 3344.1 27.53 3.91 24.87 5.45 3.70
AT 7.5 0.82 0.23 4.03 10.17 3.0 nd 27.0 3.1 21.2 7.90 4.30

*)EC: electrical conductivity 1:5 (soil:water) nd: no determined

Table 3. Harvest number, plant age (in days of regrowth after harvest) and cut off dates.

Harvest plant age and cut off dates

1
120* days

Sep 1

2
30 days
Sep30

50 days
Oct19

60 days
Oct 30

70 days
Nov10

86 days
Nov26

90**days
Nov30

3
40 days
Nov10

56 days
Nov 26

*) days after transplant **) the harvest corresponding to the pig manure application was performed on the 30th of November 2009 (90 days after the first harvest).

Table 4. Nutritive values of maralfalfa for the different days of regrowth are ordered according to the number of days
of regrowth (day) and harvest in order to evaluate the effect of both the age of the plant and soil N depletion.
Crude protein, CP (%), Neutral Detergent Fiber, NDF (%), Acid Detergent Fiber, ADF (%) and Neutral
Detergent Fiber not assayed with a heat stable amylase and expressed exclusive of residual ash, NDFom (%), in
% from the total dry matter, DM.

Date day CP by harvest NDF by harvest ADF by harvest NDFom
1 2 3 1 2 3 1 2 3 1 2 3

Sep30 30 9.75e 66.40ab 44.25ab 2.3ab

Nov10 40 4.41b 68.17ab 45.51abγ 2.45ab

Nov19 50 7.15d 65.08a 52.35e 3.90bc

Nov26 56 3.58a 65.64a 43.12a 2.2ab

Oct30 60 6.25γ 70.06bc 50.65de 4.51cd

Nov10 70 3.85ab 68.6ab 48.17cd 2.05a

Nov26 86 4.12ab 67.93ab 46.33bc 2.14ab

Nov30 90 4.44b 66.49ab 43.89ab 1.48a

9.51e**

Sep01 120* 6.19c 72.71c 53.07e 5.8d

*)days after transplant **)with pig manure application Numbers with the same superscript within a factor are not different (p < 0.05)

Table 5. Mean and standard deviation (SD) values of leaf and sheath of maralfalfa in second (70 and 86) and third
harvest (40 and 56): Crude Protein, CP; Neutral Detergent Fiber, NDF; Neutral Detergent Fiber not assayed
with a heat stable amylase and expressed exclusive of residual ash, NDFom, and Acid Detergent Fiber, ADF, in
% from the total dry matter, DM.

2nd harvest 3rd harvest
70 86 40 56

mean sd mean sd mean sd mean sd
CP leaf 7.21βγ 0.28 8.57δ 0.16 7.65γ 0.42 6.63β 0.19

sheath 2.04α 0.49 1.84α 0.13 2.21α 0.22 1.71α 0.09
NDF leaf 65.97α 1.54 66.86α 6.22 65.47α 6.66 66.33α 5.71

sheath 70.02α 0.58 68.49α 1.61 70.01α 1.69 65.22α 0.69
NDFom Leaf 4.19β 1.30 4.43β 0.26 4.35β 3.37 4.04β 0.39

Sheath 0.89α 0.14 0.96α 0.05 1.15α 0.24 1.07α 0.07
ADF Leaf 44.79βγ 0.75 44.39αβ 0.52 44.31αβ 0.37 43.22α 0.37

Sheath 50.00δ 0.48 47.33γ 0.39 46.32γ 0.80 43.06α 0.67
Data with the same superscript within a factor are not different (p < 0.05)
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Table 6. Nitrogen balance in soil and plant

soil NO3(mgkg-1) soil Ntot (%) N (kg ha-1) (a) Total availability from soil
AM 119 0.26
AT 3 0.23
decrease 116 0.03
equivalent N 24.72
N (kg fha-1) 34.5 418.5 73 526

Plant 90 days (b) 90 days (c) 120 days TN Plant (d) TN dP (e)
CP (%) 9.5 4.44 6.19
N (%) 1.52 0.71 0.99
Yield (Mg DM/ha)* 20.75 20.75 38.4
kg N ha-1 from plant extraction 315.4 147.3 380.2 695.6 527.5
* modified data from Vicente et al., (1959) for the considered period (90 and 120 days)
AM: after manure AT: after transplant
(a) From manure, available for the first year(b) Theoretical with pig manure
(c) Experimental, showing N deficiency (d) Total N extraction by Plants (kg ha-1), without limiting N (from Sep01-Nov30)
(e) Total N extraction by deficient Plants (kg ha-1) from Sep01-Nov30

There were also significant differences in the
contents of NDFom between leaf and sheath both from
the second and third harvest. For NDF the data showed a
tendency to have lower contents for leaf than for sheath.
ADF values showed significant differences between leaf
and sheath, and second and third harvest.

Figure 1. Variation of the percentage of CP versus the
day of harvest. Triangles: data from this
study. Also shown other results represented
by diamonds: Carulla. (2004) and Clavero
and Razz (2009), stars: Correa et al., (2006),
unfilled squares: Vieira et al., (1997), and
unfilled circles: Kozloski et al., (2003).

Equation 1: Fit of the data obtained by Carulla et al.,
(2004) and Clavero y Razz. (2009) along with the results
from this study (filled triangles) but excluding those with
N deficiency (unfilled triangles. since the 50 days of cut
off).

DISCUSSION

According to the results obtained by Marquez et
al., (2007), Bayble et al., (2007), Carulla et al., (2004)
and Clavero and Razz (2009), the CP content of
maralfalfa decreased as the plant grew old. The same
trend was pointed out by Van Soest (1994) for other

tropical grasses. But, contrary to the results obtained by
these authors, who reported that in Napier grass structural
cell wall carbohydrates increased rapidly with maturity,
our increment in NDF and ADF was slight and even
showed no significant differences among some dates. The
effect of days of harvesting on NDF content was also
studied by other authors who mentioned a significant
increase with maturity at cutting (Zinash et al., 1995;
Seyoum et al., 1998; Tessema et al., 2002; Adane, 2003).
Therefore, our data suggested not to delay harvest beyond
50 days will result in higher nutritive values, which
coincide with the results by Marquez et al., (2007). On
the other hand, Mushtaque et al., (2010) concluded that
tiller per plant in tropical grass specie increased
significantly from the youngest plants to the older ones.
Besides, fresh herbage yield also increased with
advancing plant maturity. According to our results, if the
objective is to obtain the maximum dry matter yield, it is
possible to harvest later (60 days instead of 50) without
excessively affecting the nutritive values. Besides that,
Wadi et al., (2004) concluded that regrow tiller number
was higher in the plants cut at a 60 day interval than at a
90 days interval.

Leaf CP values both for the second and the third
harvest were higher than the sheath ones. Although
Heredia et al., (2007) and Yasin et al., (2003) compared
stems instead of sheaths (CP in stems are higher than in
sheaths), they also found higher leaf values than for
stems. Therefore, as the plant grew old the nutritive
values decreased because the leaves/sheaths ratio
decreased as well.

As mentioned above, the higher CP values found
in the older leaves from the 2nd harvest compared with
the younger leaves from the 3rd harvest, showed lower
CP contents than mentioned by others authors (Carulla et
al., 2004; Marquez, 2007; Clavero and Razz, 2009 and
Vieira et al., 1997) due to deficient N supply. Moreover,
the significantly higher CP contents for the same age of

Eq 1
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harvest (90 days) with and without biodegraded pig
manure addition, demonstrated the plant N deficiency as
a result of soil N depletion. In this sense, Correa et al.,
(2006) suggested special caution in maralfalfa handling
because it is extremely demanding in fertilization, and
showed that the production of fresh matter was 3.6 times
higher in the fertilized plots, applying 250 kg ha-1 cow
manure, 100 kg ha-1 of 15-15-15 and 50 kg ha-1 of urea,
and additionally 100 kg ha-1 of chicken manure every two
cuts (equivalent to about 40 kg N ha-1) than without
fertilization. In an experimental plot different C4 grass
species were compared, Arshadullah et al., (2009) found
an intermediate CP average (7.19%) in Elephan grass.
The N status in soil was very low (0.04%) and therefore
the fresh matter production was also lower than cited by
other authors. Heredia et al., (2007), found the highest
percentage of CP obtained from those treatments
receiving 60 kg N ha-1cut-1 and Sarwar et al., (1999)
obtained higher crude protein in the 60 days Pennisetum
purpureum plants (10.8 against 7.1) when fertilized with
110.4 kg N ha-1, comparing with no fertilized ones. In the
same crop, Ishii et al., (1999) obtained an N uptake value
of 60 g m-2. Also, Rowena et al., (2007) mentioned 187%
of N removal of Pennisetum purpureum (1190 kg N ha-

1y-1) of the applied dairy effluent, using subsurface drip
irrigation.

Figure 1 presents the CP content versus the day
of harvest obtained in this study. Results from Carulla,
(2004), Clavero and Razz (2009), Correa et al., (2006),
Vieira et al., (1997) and Kozloski et al., (2003) are also
included. Excluding the data obtained by Correa et al.,
(2006), Vieira et a.l, (1997) and Kozloski et al., (2003)
that showed higher values than the rest of the authors,
possibly due to the high fertilization application, we
adjusted an equation for low and intermediate CP values.
Equation 1 (y = 62.88 x-0.48) included our data (excluding
N deficient samples since the 50 day cut off), and the data
from Carulla et al., (2004) and Clavero and Razz (2009).

Kozloski et al., (2005) also found that total N
contents decreased quadratically from 30 to 70 days. Our
results are presented by unfilled triangles, correspond to
N deficiencies in soil, which decreased from initial 119 to
3 of N03

- (mg Kg-1), due to the high extractions induced
by the high productivity of maralfalfa when cultivated
without limiting factors (optimum temperature, radiation
and supplied water). Using the predicted CP at 60 days
and the expected yields we calculate an estimation of the
N demand to apply a proper fertilization program
avoiding N lixiviation. An estimated 34.57 kg N ha-1 is
provided from the mentioned decrease of the content of
nitrate in soil. Also, if considering the total N decrease in
soil from 0.26 to 0.23 % (Table 2), a root depth of 0.15 m
and a soil bulk density of 0.93 (Mg m-3) as measured by
Tejedor et al., (2009), an additional quantity of 418.5 kg
N ha-1 can be calculated. Adding these amounts to the
aforementioned contribution of manure (73 kg N ha-1 in 7

months), an estimation of 526 kg N ha-1 from the soil
would be available to plant (Table 6). This quantity
coincides with experimental data extraction of 527.5 kg
N ha-1 when considering plants of 120 days with 0.99 %N
and N deficiency ones of 90 days (0.71 % N instead of
theoretical 1.52 %N). Therefore, it was necessary to
apply more biodegraded pig manure to ensure the soil
fertility. Thus, equation 1 let us to calculate the expected
CP for the age day of harvest. Using intermediate data
from Vieira et al., (1997), probably representing CP
content when N is easily available (the paper only refers
to data of the first cut off of maralfalfa and probably with
fertilizer), showed clearly the high response of maralfalfa
to N fertilization and also that the efficiency of N
application diminished with plant age. In the same sense,
Archontoulis et al., (2011), created a model that was
parameterized by analyzing the photosynthetic response
to incident light intensity and the leaf N content. Their
results demonstrated a notable increment in
photosynthesis in response to the increment in leaf N
content, especially for C4 gramineae, with a maximum
for 1.8 g N/m2 of plant. On the other hand, the results
showed that if organic farming is used, one application of
solid manure per year is not able to provide enough N to
avoid deficit. In this case, and due to the difficulty of
applying manure on the soil surface once maralfalfa is
established under drip irrigation, liquid manure or dairy
effluent could provide an alternative source of easily
available N, as demonstrated by Rowena et al., (2007).

The data presented in Table 4 for the whole
plant for the second harvest, in which no significant
differences were observed for NDF content (except for
the 60 days harvest), are not coincident with those
presented by Correa et al., (2004), who indicated an
increase in NDF contents with advance in the age of
cutting.

Our forage production occurred under
edafoclimatic optimum conditions for maralfalfa
cultivation. Besides during the first period, drip irrigation
and organic manure provided unlimited water and
nutrients. Considering that the optimum temperature for
tiller production and development ranges from 21 to
24ºC, and 25ºC for spikelet initiation and development
(Cook et al., 2005), the temperature data for El Hierro
experimental field are very favorable (Table 1).

All of the authors coincide on the high
productivity of maralfalfa. To our knowledge, the highest
yields reported are 40, 50 and 84.8 t DM ha-1 year-1

(Eriksen and Whitney, 1981; Rowena, 2007 and Vicente
et al., 1959 respectively). Márquez et al., (2007) cited
that maralfalfa grass can be harvested at 37.7 t DM ha-1

year-1 with 359 cal cm-2day-1 (equivalent to 15.02 MJ m-2)
while radiation data at the experimental field in El Hierro
was 19.35 MJ m-2. Premaratne and Premalal (2006)
recorded an average green fodder of 5 to 8 kg plant-1cut-1

or 250-350 Mg ha-1 year-1 under local conditions;
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although no specific climatic data were provided. Other
authors, for example Macoon et al., (2002), mention an
interval of 4.7 to 11.7 Mg DM ha-1yr-1 depending on the
hybrid considered, while Correa et al., (2002) gives a
yield of 50 t of green forage ha-1 when fertilized and
harvested each 60 days.

The water applied in this experiment was higher
than needed as estimated by ET. For instance, for the 60
days harvest, the water irrigated was 1777 l m-2, 5 times
higher than estimated by ET (271 l m-2) and considering
1.2 as Kc value (as estimated for P. purpureum) or 3.3
times higher if considering Kc of 2.0 as by Rowena et al.,
(2007). Thus, in our study the maralfafa crop was
unlimited irrigated and also radiation was high, while the
rest of authors did not comment on water supply.
Rockström and Rouw (1997) indicated the synergistic
effect of water and nutrients for Pennisetum glaucum,
while Singh et al., (2010) concluded that yields were
more influenced by water application than the nitrogen
doses. Surprisingly, Rowena et al., (2007) did not found
significant differences in dry matter production under
subsurface drip irrigation when applied at 0.5 or 2.0 of
ET crop coefficient. Yield data must be recorded to
properly estimate annual yield under Canary Island
conditions although preliminary results are very
promising. On the other hand, the irrigation management
described in this paper leads to excessive water dosage.
Lack of expertise in drip irrigation by the farmers led
them to use the same water management as if they had
drippers with lower flow rates.

In order to guarantee enough N supply, and if a
yield of 80 t DM ha-1 year-1 is assumed, taking into
account a CP of 8.87 %, (equivalent to 1.42 % of N), then
142 kg N ha-1cut-1 (every 60 days) has to compensate N
extractions (1134 kg N ha-1year-1. In this sense, the
second liquid manure application provided the total needs
per year. Thus, only if a high source of N and at a low
cost is available, the cultivation of maralfalfa using
organic farming is feasible. At this point, taking into
account the high demand of N of this crop, we must
comment that if we want to have a high yield of
maralfalfa in Canary Islands, the limitation of 240 kg N-1

ha-1year-1 imposed by the canarian government
(PIRCAN, 1999, BOC, 2009) to transpose the European
Community Directive 91/676/EEC, would have to be
reviewed.

Conclusions: Nutritive values of maralfalfa (Pennisetum
sp) were evaluated as total protein and fiber content. The
nutritive values decreased as the age of harvest increased
(being influenced by the decrease in the leaves/sheaths
ratio), obtaining the optimum 55-60 day interval. CP
contents were significantly lower for the same age of
harvest with and without second biodegraded pig manure
application, demonstrated the plant N deficiency as a
result of plant extractions. This crop removed large

amount of nutrients requiring a program of fertilization to
ensure the yield without risk loss of soil fertility. Our
results demonstrated that to cultivate maralfalfa by
organic farming to obtain high yields in Canary Islands,
the maximum residue use of 240 kg N ha-1year-1 imposed
by the Canarian Government should be revised.
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