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The objectives were to analyze the water and nitrogen use efficiency by forage palm in different irrigation depths with saline water and
nitrogen fertilization levels in the Brazilian semi-arid region. The experiment was conducted under field condition during one year of
cultivation (360 days). The experimental design was a complete randomized block and 5 x 5 factorial scheme with five irrigation depths
(125, 100, 75, and 25% of ET,) and five levels of nitrogen fertilization (0, 150, 300, 450 and 600 kg ha™ of N) and three replicates.
Irrigation and acceptable nitrogen fertilization resulted in a good water and fertilization management. Water and nitrogen use efficiency
of forage palm were higher, when water depths and the nitrogen levels supplied to the soil were increased. The 125% ET, depth showed
a higher efficiency of water and nitrogen use in the forage palm during 360 days of study. In conditions of low nitrogen supply, the
efficiency of nitrogen use is directly and indirectly associated with the fresh mass yield; while under high supply, the efficiency of the
use of nitrogen is more effective. The use of irrigation and nitrogen fertilization in the semi-arid region is recommended to obtain higher
productivity of water and nitrogen from the forage palm.

dripping; fertirrigation; nitrogen levels; Opuntia sp.; rational use of water.
pH-H,0_soil hydrogenation potential in water; OM_organic matter; N_nitrogen; P_phosphorus; K_potassium; Ca_
Calcium; Mg_magnesium; Na_sodium; H+_hydrogen; AI3+_AIuminum; SB_sum of bases; and CEC_cation exchange capacity;
ET,_reference evapotranspiration; WUE_water use efficiency; NUE_nitrogen use efficiency; DM_dry mass; MV_fresh mass;
MEE_MexicanElephantEar; DAT_Days after application of treatments.

In the semi-arid region, the seasonality of weather elements, little availability of water and much of it has poor quality. Low-
makes animal feed production a constant challenge both at quality waters, especially with high salt concentrations, are
inter-annual as well as intra-annual scale (Dubeux Junior et al. poorly used in agriculture, but they can be used satisfactorily in
2010). The use of adequate irrigation and fertilization forage palm production (Dubeux Junior et al., 2010).
management strategies is of paramount importance, especially Dubeux Junior et al. (2013) state that in Brazil, approximately
regarding to the use of water deficit resistant species in order 600.000 ha are currently cultivated with forage palm, with an
to supplement the crop demand during the dry season, estimated yield of fresh mass per hectare planted of 600 tons,
providing roughage food to the herds (Silva et al., 2015). when submitted to fertilization and a densified crop system.
Because it is a cactus, forage palm is well adapted to arid and Morais and Vasconcelos (2007), reported that this forage
semi-arid regions, displaying tolerance to long drought periods stands out as a juicy, bulky food with high acceptability and a
and high water use efficiency (Dubeux Junior et al., 2010; large coefficient of dry matter digestibility, an important factor
Pinheiro et al., 2014; Silva et al., 2015). It is regarded as one of for the herds.

the main forage subsistence resources of cattle breeding in the For Hernandez et al. (2004), stated that irrigation in forage
northeastern region of Brazil, considering its relevance in palm crops in northeastern Brazil is a technique of great
feeding of the main herds as a source of water, energy and importance. However, its proper implementation and
minerals (Almeida et al., 2012). The semi-arid region holds management depends upon information of the water
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requirement by the crop, which is a function of atmospheric
demand, soil water content and plant resistance to the
transfer of water to the environment, contributing to the
increment in the yield of such crop (Silva et al., 2010; Payero
and Irmak, 2008; Billesbach, 2011; Ghiberto et al., 2011; Evett
et al., 2012; Silva et al., 2016).

The input of external sources of fertilization, especially
nitrogen, is essential for raising the biomass yield of the forage
palm to allow positive impacts on the profitability of the
productive system. However, only 40 to 60% of the applied
mineral nitrogen is absorbed by the forage (Cunha et al,
2012).

Water use efficiency of such crop with Crassulacean Acid
Metabolism is as many as 11 times as that observed in C3
mechanism plants, making the palm one of the most adapted
species to the semi-arid among the cropped forage plants
(Alves et al., 2007).

For that reason, indicators of water (WUE) and nitrogen (NUE)
use efficiency by the plants is one of the ways to analyze crop
response to different water and nutrient availability conditions
as it relates the production of dry biomass or commercial
production with the amount of water applied or
evapotranspirated by the crop, as well as the amount of
absorbed nutrient (Souza et al., 2011).

So, the improvement in the nitrogen use efficiency (NUE) is
essential for the development of sustainable agriculture. This
efficiency is the relationship between yield in dry biomass or
the commercial part and the amount of soil available or
applied nitrogen (Moll et al., 1982).

Thus, the objective of this study was to evaluate the water and
nitrogen use efficiency in forage palm submitted to different
irrigation depths with saline water and nitrogen fertilization
doses in the Brazilian semi-arid region.

Water consumption in the period

The water volume applied in the irrigations as a function of the
treatments during the experiment is shown in Table 1. It is
observed that the volume of the applied water increased over
forage palm ontogeny, and the average ET,set during the cycle
was 7.6 mm. The difference between the lowest and the
largest accumulated irrigation depth was 276.9 mm. Such
difference results in better outcomes for the yield of Mexican
Elephant Ear cultivar, when L1 is compared to L5. The total
precipitation during this experiment period was 446.9 mm.

An increase in the depth is observed over the crop cycle, a fact
that can be justified by the increment of the water
consumption by the plants, which favored their performance in
both growth and yield, and in the efficient use of water (Table
1).

Water and nitrogen use efficiency for the isolated effects

The linear mathematical model best fitted the efficient use of
water and nitrogen in the first crop cycle (Figure 1). It was
observed that as the irrigation depth and the nitrogen levels
increased, a positive increment was obtained in the efficient
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use of water (Figure 1A) as well as in the efficient use of
nitrogen (Figure 1B).

The rise in the efficient use of water at every 25% ET, was 1.18
kg m™. Moreover, it can be observed that for fresh mass yield
(MV) at the order of 394 t ha® in the 125% ET, depth, the
water use efficiency was 61.12 kg H,0 kg MvY, equivalent to
16.36 kg MV m 3 of irrigation water (Figure 1A), considering
that dry mass (DM) yield is 20% of the fresh mass for a
productivity of 78.8 t ha™ DM, and water use efficiency equal
to 305 kg H,0 kg pm?t equivalent to 3.27 kg DM m>. This
increase in water use efficiency is directly related to the
increase in fresh mass yield as a function of the applied
irrigation depth.

Nitrogen use efficiency was incremented at every 150 kg N ha'
per 0.18 kg of fresh matter per kg N? applied in the soil, in
which the maximum efficiency of the nitrogen use was
obtained at the levels of 600 kg ha™, corresponding to 445 t ha
' allowing an efficiency of 0.74 kg of fresh mass per kg N*
(Figure 1B). This means that forage palm reached its capacity
to absorb and use N of the soil as the amount of nitrogen
supplied to the soil, which incremented its productivity. In
addition, it is noted that productivity as a function of the
irrigation depth was lower than the yield obtained as a
function of the levels of nitrogen applied to the soil. A fact that
is likely to be related to the high content of salts in the
irrigation water.

Water and nitrogen use efficiency over the crop cycle

Water use efficiency (WUE) due to irrigation depth (% ET,) and
the days following the application of the treatments was
modeled by the response surface (R2 = 0.94). It can be noted
that the lowest efficiency in water use (23.4 mm) was verified
at the association of 25% ET, depth (23.4 mm) at 30 days after
application of the treatments (Figure 2), a fact that may be
related to the lower yield observed in this treatment (89 t ha™)
and water use efficiency equal to 0.91 kg MV m™. At irrigation
depth of 125% ET, (818.0 mm) a yield of 880 t ha™ and water
use efficiency of 15.26 kg MV m™, equivalent to 65 kg H,O kg
My (Figure 2) were achieved 360 days after application of the
treatments (DAT). This behavior can be explained by high
productive response presented by the forage palm to the
increment of irrigation depth. It was possible to quantify
nitrogen use efficiency as a function of the nitrogen levels
applied by fertigation and the days after the application of
each treatment (DAT) on the basis of the equation that
modeled, the nitrogen use efficiency over the ontogeny (Figure
3). The highest nitrogen use efficiency was obtained at the
level of 600 kg ha™ N at 360 days after the application of N
levels, corresponding to an efficiency of 1.87 kg of fresh matter
per kg of nitrogen applied in the soil, with a yield of 975 t ha™.
The percentage difference between the largest and the
smallest treatment was 18.18% (Figure 3).

Queiroz et al. (2015) reported an applied volume per depth of
976; 1048; 1096; 1152 and 1202 mm, with a difference
between the lowest and highest supplied depths of only 226
mm. As a result, the imposed irrigation depths did not



Table 1. Volume of water applied via irrigation in experimental period for each and total depth.

AV+R (mm) AV+R (mm) AV+R(mm) AV+R (mm)
Depths ETo (%) 30 DAT 90 DAT 150 DAT 360 DAT
1 25 234 48.8 294.2 541.1
12 50 46.8 93.7 3543 615.3
13 75 70.3 1406 408.6 669.5
L4 100 93.7 1875 458.3 743.8
LS 125 117.1 243.3 513.0 818.0

AV = applied volume; R = rainfall; DAT = days after treatment application.
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Fig 1. Water and agronomic use efficiency as a function of the irrigation depths (A) and nitrogen and agronomic use efficiency as a
function of the applied nitrogen levels (B).

Table 2. Chemical, physical and water characterization of the soil in the experimental area at 0.0 —0.20 m layer.
.................................................. Sortive CoOmMPIeX.....cvvieriiieiiiieeeieeniieesiee e

Layer (m) H-H-0 oM N P K Ca Mg Na H+ AP SB CeC
P = %6 cveeie eveeereeee e cmol, AM™ e,
0.0-0.20 5.83 0.38 0.02 4.75 0.60 4.18 2.48 0.17 0.18 0.00 743 7.61
Granulometry (%) Porosity Soil Density Density of particles .
. _ Available Water (%
sand _ silt Clay (%) (gcm?) (g cm?) val (%)

74.83 17.28 7.89 44.23 1.47 1.39 7.66
Abbreviations: pH-H,0 = soil hydrogenation potential in water; OM = organic matter; N = nitrogen; P = phosphorus; K = potassium; Ca = Calcium; Mg = magnesium; Na =
sodium; H+ = hydrogen; AP* = Aluminum; SB = sum of bases; and CEC = cation exchange capacity.
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Fig 2. Water use efficiency in forage palm over ontongeny (DAT) according to the applied irrigation depths.
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Fig 3. Efficiency of nitrogen use by forage palm to Mexican Elephant Ear cultivar as a function of different levels of nitrogen fertilization

and plant ontogeny (DAT).
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Fig 4. Values of temperature, air relative humidity and rainfall in the experimental area.

influence most of agronomic indices of crop response. This fact
differs from that observed in the present study since the
irrigation depths influenced the growth and yield of the forage
palm cultivar Mexican Elephant Ear. Hernandez et al. (2004)
reported that the increase in irrigation depth results in evident
yield benefits for forage palm, especially in regions with
reduced rainfall levels in comparison to regions, where rainfall
values exceed 740 mm. Water use efficiency in forage palm cv.
Italiana in Soledade, Agreste Paraibano meso-region, was 0.61
Kg DM m™ in the more densely planted system (1.0 X 0.5 m)
(Ramos et al., 2011). In comparison to this study, this is a quite
lower value, a fact that is likely to be related to the greater
availability of water provided in the present study and to the
evaluated cultivar. Studies on water use efficiency in semi-arid
conditions in Kingsville, Texas - USA, for Opuntia ellisiana L.

686

forage palm showed water use efficiency equal to 393 kg H,0
kg oM™ (Han and Felker, 1997). Considering that fresh mass
corresponds to 80% of the dry mass, the efficiency was
equivalent to 11.2 kg of fresh mass per m™ of water applied to
the soil in the first year of cultivation, and in the fourth
consecutive year, an efficiency of 285 kg H,0 kg DM™ was
observed. This was equivalent to 17 kg of fresh mass per m? of
water applied to the soil. This result is lower than that
obtained in the present study with only one year of cultivation
of the forage palm cultivar Mexican Elephant Ear.

In a study on sugarcane (C4 metabolism) irrigated in the
semiarid region, Silva et al. (2011) obtained WUE of 5.36 and
9.49 kg m>, considering the values of industrial yield of stalks,
with the values of R + | (R — rainfall and I - irrigation) and ETc
(crop evapotranspiration). These results are lower than those



obtained in the present study, and may be justified by the fact
that forage palm is a Crassulacean Acid Metabolism (CAM)
species and is more adapted to the semi-arid conditions.
Besides, the greater efficiency in the water use, its stomata
only opens during the night period (Taiz and Zaiger, 2016).
These results indicate that forage palm responds efficiently to
N applied to soil and its availability (Rahimizadeh et al., 2010).
Thus, for the definition of nitrogen use efficiency, the first
stage is the availability of the element in the soil, which is
essential for the development of sustainable agriculture
(Cornier et al., 2013). As a result, efficiency is nothing more
than the relationship between the yield of forage palm fresh
matter and the amount of nitrogen available in the soil or even
that applied by fertigation (Moll et al., 1982).

Queiroz et al. (2016) claimed that water use efficiency (WUE)
on the fresh mass basis (MV) did not show any difference
between the treatments. However, it tended to reduce its
magnitude as the applied depths were increased. The average
values of WUE over the analyzed period were equal to 14.0 kg
m™. These results are different from those observed in the
present study, possibly because of the adopted management
and the genetic characteristics of the cultivar used.

Silva et al. (2014) reported that water use efficiency is the
biomass vyield per amount of water applied or
evapotranspirated. It has been commonly used for the
selection of more tolerant cultivar to water stress, in which the
cultivars Mexican Elephant Ear and IPA-Sertania are the most
efficient in the use of water, both in precipitated and
evapotranspirated water terms. The authors report that they
had obtained average water use efficiency of 11.2 kg m?at 24
months after planting, which is equivalent to 89.3 kg H,0 kg
MV for Mexican Elephant Ear. The same was used in the
present study. A solid increase in water consumption and
water use efficiency by forage palm is due to nitrogen supply.
A well-nourished plant becomes more efficient in the use of
available water. Mochel Filho et al. (2016); Figueiredo et al.
(2016); Carvalho et al. (2011) reported that nitrogen use
efficiency (NUE) is an important factor in the evaluation of
efficiency and sustainability of nitrogen fertilization since it
estimates the dose that presented the best response. In this
experiment, nitrogen use efficiency was proportional to the
applied doses of N. This result differs from that obtained by
Costa et al. (2016) since they verified that the NUE was
inversely proportional to the dose of applied nitrogen.

Nitrogen use efficiency linearly increased as the dose of
nitrogen supplied to the soil was incremented, a fact that can
be related to the gradual increase of forage palm yield and the
high efficiency of the nutrient use by the crop. Sadras and
Lawson (2013) reported that this rise in the NUE is due to the
ability of plants to absorb and store N from the soil applied via
fertigation.

Localization and characterization of experimental area

The experiment was conducted in field conditions in the
municipality of Santa Luzia, in the western Seridé microregion
of Paraiba, 062 52’ 27” latitude, 362 56’ 00" WGr longitude, and
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altitude of 299 m, on Pogo Redondo farmDuring one year of
cultivation (360 days) from May 2016 to june 2017. It was
implemented in the Drought Polygon, located in the
Borborema Meso-region. The climate in the area is dry, hot,
semi-arid Bsh with summer rains (Koppen and Geiger, 1928).
The soil in the area is classified as Floss type Neossolo (Entisol)
with sandy-loam type textural classification (Embrapa, 2013),
and the nitrogen content in the soil is estimated based on the
organic matter. The values of some chemical, physical and
water attributes of the soil are described in Table 2.

The climatic constrain of the Seridd region is not the absence
of rain, but its irregularity (Rodrigues, 2002). The average
rainfall is about 500 mm where the highest concentrations are
in the months from January to May. The average temperature
is around 27.6°C, with maximum and minimum averages of
33.0°C and 22.3°C, respectively and relative humidity ranging
from 50 to 70% (Figure 4).

The predominant vegetation in the experimental area is of the
Caatinga-Seridé type, sub-verocious, deciduous vegetation
whose components are mostly cacti and small trees or shrubs,
usually thorny, forming groups sometimes dense or sometimes
with sparse trees (Rodrigues, 2002).

Water was supplied from Amazona well, provided with C354
treated domestic sewage from the city of Santa Luzia, Paraiba
state, located 80 m away from the experimental area (Silva,
2017).

Experimental design, treatments and crop management

The experimental design was a randomized block in a 5 x 5
factorial, where the first factor was the five irrigation depths
(125, 100, 75, 50 and 25% ET,), and the second, five levels of
nitrogen fertilization (0, 150, 300, 450 and 600 kg ha N), with
three replications, totaling 75 experimental units. The average
reference evapotranspiration at the experiment site was 7.6
mm day ™

The experimental plots consisted of a double row of plants
with spacing of 0.4 m between rows, 2.0 m between double
rows and 0.25 m between plants, with 5 m in length and a 1-m
border. Each plot had an area of 14.4 m? with a useful area of
0.6 m? and a total area of the experiment of 3850 mZ. Also, the
plots with the 100% ET, irrigation depth had an area as twice
as the plots with other depths. At that spacing, planting
density for 1.0 ha was 33333 plants.

All plots of the treatments were fertilized with phosphorus and
potassium according to recommendations of Santos (2006),
and according to the results of soil analysis and organic
fertilization using bovine manure at about 1.0 kg per linear
meter. The nitrogen source used in the experiment was
monthly split urea, applied via fertigation with the aid of a
Venturi type fertilizer injector.

Plant materials

Cultivar Mexican Elephant Ear (MEE), which presents
horizontal growth, abundance in dry matter, hairs and
resistance to carmine cochineal (Dactylopius opuntiae), was
used in the experiment. The racquets were planted in furrows
with bilateral racket alignment (Dominoes). They were free



from pests and diseases, among them the scale cochineal
(Dactylopius sp). These rackets have gone through the healing
period in the shade, when the cladodium loses some of the
humidity and the healing of the wounds caused by the cutting
operation occurs in the field.

The healing period lasted seven days, when the loss in turgidity
was observed, becoming soft to the finger compression and
the lesions of the cuts were healed. The rackets were arranged
in furrows facing the sun (nascent) and 50% buried at 452 of
inclination (Suassuna, 1993).

System characteristic and irrigation management

The pressurized irrigation system used in the experiment had a
3 HP centrifugal pump. Regarding the start and end of the
pump operation, each application cycle was performed
manually, according to the start and duration of application of
each depth.

A 2”-disc filter was used to prevent particulate matter larger
than the diameter of the emitters from entering the system.
The irrigation lateral lines were 55 m in length, equipped with
Bourdon type gauge, calibrated and tested before irrigation. A
hydrometer was installed at the beginning of the experimental
area to account for the amount of water applied during the
conduction of the experiment.

Irrigations were applied twice a week on the
evapotranspiration basis. We used a drip type as the irrigation
system, utilizing a dripping tube with wall thickness of 0.2 mm;
internal diameter of 16 mm; drip spacing of 0.20 m; nominal
pressure of 7 m.c.a; flow rate of 6.0 L h't m’l, with a system
application efficiency of 96%.

The irrigation liquid layer (La), applied in each treatment was
determined by the equation 1, considering the reference
evapotranspiration for the respective treatments (125, 100, 75,
50 and 25% of ET,). Evapotranspiration was estimated by the
Penman-Monteith method recommended by FAO (Allen et al.
1998).

La = (ETy « LAP) — R (1)

Where; La — irrigation liquid layer to be applied in each
treatment (mm); ET, — reference evapotranspiration (mm); LAP
—fraction of the irrigation liquid layer applied in plot (decimal);
R — effective rainfall in the period (mm).

Analyzed variables
Water use efficiency

Water and nitrogen use was evaluated over a year of
cultivation (360 days after planting). The sampling was
performed at intervals of 30 days. Water use efficiency of the
plants is usually defined as the commercial production per unit
of water effectively used by the crop in the form of
evapotranspiration (Jensen, 2007). Water use efficiency (WUE)
was determined according to Pieterse et al. (1997), using
equation 2.

WUE =Y/WC (2)

Where; WUE — water use efficiency (kg m?); Y- yield (kg); WC
— total water consumption per cycle (m3).
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The productivity of the forage palm was determined directly in
the field according to methodology proposed by Menezes et al.
(2005) during the 360 days after planting. The sampling was
performed every 30 days. The plants arranged in the useful
areas of the plots were collected in each treatment. They were
cut at the first insertion, leaving only the mother cladodium.
Then, all the collected cladodes were weighed on a precision
scale and sorted by plot and by treatment.

Nitrogen efficiency use

Nitrogen use efficiency was set according to the methodology
proposed by Moll et al. (1982) using equation 3.

NUE =Y/NP (03)

Where; NUE — nitrogen use efficiency (kg kg'l); Y — yield (kg);
NP —amount of applied nitrogen (kg ha’l).

Statistical analysis

Data on response variables were submitted to analysis of
variance by the F test at 1% and 5% of significance, and the
respective regression models were adjusted according to the
analysis of regression variance (F <0.01) and to the coefficient
of determination of the equation, using Minitab and Sisvar
statistical software (Ferreira, 2014).

The determination of the optimum volume associated to water
use efficiency, particularly in areas such as the semi-arid region
of the Brazilian Northeast, where water resources are scarce, is
fundamental for raising environmental protection. The results
suggest that irrigation and adequate nitrogen fertilization may
result in significant water and fertilizer savings, with no loss in
forage palm yield. The accumulated 125% ET, depth for the
Mexican Elephant Ear cultivar, drip irrigated in the Brazilian
semiarid region was 818.0 mm. Water and nitrogen use
efficiency by forage palm tended to increase as water depths
and nitrogen levels supplied to the soil were increased, even
with the use of saline water. The 125% ET, depth combined
with 360 days after the application of the treatments showed a
higher water and nitrogen use efficiency in forage palm plants.
In low nitrogen supply conditions, nitrogen use efficiency is
directly and indirectly associated with the yield of forage palm
fresh mass whereas under high supply, nitrogen use efficiency
is more effective. The use of irrigation and nitrogen
fertilization in the semi-arid region is recommended to obtain
higher productivity of water and nitrogen from the forage
palm.
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