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Abstract

The objective of this study was to evaluate the agronomic characteristics of Nopalea
cochenillifera (L.) Salm-Dick under different frequencies and levels of nitrogen application
(N). Three nitrogen fertilizer application frequencies (1 time year™, 6 times year™ and 12 times
year?) and four nitrogen levels (0, 100, 200 and 400 kg of N ha* year™) were evaluated one
year after the planting, in a randomized blocks design with 12 replications. There was no
interaction (P>0.05) between application frequencies and nitrogen levels. The number of
cladodes, and the green and dry forage mass yields of the cactus pear were higher with the
application frequency of 6 times year™, presenting 18.4 +2.0 cladodes per plant, 151.0 +17.8
and 9.8 +£1.0 t ha!, respectively. The yield doubled with the application of 400 kg N ha*, when
compared to the treatment with no nitrogen application. With the nitrogen application
frequency of 1 time year? the crude protein and neutral detergent fiber contents were higher,
presenting 4.0 +0.1% and 33.8 #0.5%, respectively. When nitrogen is applied 6 times year™ it
provides higher growth and yield, but lower protein and fiber contents. The level 400 kg N ha'
provides higher yield and lower nitrogen use efficiency.

Keywords: cactaceae, Nopalea cochenillifera, urea, efficiency
1. Introduction

Forage production is one of the most important activities in livestock (Guilhoto et al., 2014),
characterized as a low-cost component in ruminant feeding. Forage species that possess
Crassulacean Acid Metabolism (CAM), present high efficiency in the use of water, which
makes them an alternative to increase the forage mass yield during the dry season of the year
(Silva et al., 2014b). The cactus pear, a CAM species, presents high productivity even in dry
conditions (Peixoto et al., 2018), and when fertilized with nitrogen, it presents a superior
production when compared to many forage species. Moreover, it has good consumption
acceptability by the animals, high-energy value and good digestibility (Céndido et al., 2013).

According to Cunha et al. (2012) the cactus pear extracts about 300 kg of N from the soil per
year. The nitrogen participates in the composition of several organic molecules inside the
plants, and it is the main controller of the photosynthetic processes. Nitrogen may be
responsible for changes in the establishment and persistence of cultivated plants (Fragoso et
al., 2016). Céndido et al. (2013) reported the importance of nitrogen to the cactus pear
because it maintains the crop productive for several cycles, especially in systems of
high-density crops with high use intensity.

There is considerable variation in the recommendation of the nitrogen fertilization frequency
for cactus pear, for example, the application of nitrogen two (Souza et al., 2017; Silva et al.
2014a; Dubeux J(nior et al., 2010), three (Cunha et al., 2012) and four (Silva et al., 2012)
times a year. Understanding the optimal amount and application frequency of nitrogen can
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improve the development of the perennial crop, allow for fertilization recommendations and
increase the efficiency of use, especially if the source of N is urea. The agronomic responses
of cactus pear under frequency and levels of nitrogen fertilization still need to be studied to
elucidate more information on that subject. The lack of this information induces the farmers
to use empirical recommendations, which in most cases leads to unsatisfactory responses,
thus discrediting the adoption and use of technology (Cunha et al., 2012).

The objective in the present study was to evaluate the growth, production and chemical
composition of cactus pear (Nopalea cochenillifera) genotype Doce Milda under frequencies
and levels of nitrogen application.

2. Methods

The experiment was carried out in Bom Jesus, in the southern region of the cerrado of Piau ¥
Brazil. The town is located at latitude 09°04°28” S, longitude 44°21°31” W, and altitude of
220m and in an area of 5469 Km?. The region presents the climatic classification BSh, with
summer rains and dry winter according to the K&pen classification of 1936, described by
Alvares et al. (2013).

The experiment was carried out between January 2015 and January 2016. During the
experimental period, a rainfall accumulation of 905.7 mm was recorded, with rains mainly
from January to April, October to December 2015 and January 2016, while no rainfall was
recorded from May to September 2015. The mean minimum temperature during the
experimental period was 21.1<C, the mean maximum was 34.6<C, and the air relative
humidity was 42.3%, with records of <15% in the dry period of the year (May to September
2015).

A completely randomized blocks design was adopted in a split-plots scheme over the space,
with twelve replications (three blocks and four plants evaluated per block). The plots
consisted of three application frequencies of nitrogen fertilizer [1 time year™ (total application
of the N level), 6 times year? (N level divided into six applications, every 60 days) and 12
times year® (N level divided into twelve applications, every 30 days)] and the subplots the
four nitrogen levels (0, 100, 200 and 400 kg of N ha* year?), all nitrogen applications started
30 days after the planting. The cactus pear (Nopalea cochenillifera) used was the genotype
Doce MiUda.

Before the implementation of the experiment, a representative soil sample was collected for
analysis and chemical characterization from the 0-20 cm layer in the area destined to the
experiment. The soil sample was sent to the Soil Laboratory of the Campus Professora
Cinobelina Elvas (CPCE) - UFPI, in Bom Jesus, Piau T The soil was classified as Dystrophic
Yellow Latosol and the chemical analysis showed the following values: 5.3 pH in water; 9.66
mg dm of phosphorus (P); 16.90 mg dm of potassium (K); 1.0 cmolc dm™ of calcium (Ca);
0.5 cmole dm of magnesium (Mg); <0.01 cmolc dm™ of aluminum (Al); 1.65 cmolc dm of
hydrogen + aluminum (H+Al); 1.54 cmolc dm™ of sum of bases (SB); 1.22 of effective CEC
(t); 3.19 cmolc dm™ of CEC at pH 7.0 (T); 48.3% of base saturation (V); and 0.0% of
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saturation by aluminum (M). The soil physical characteristics were: 230 g kg™ of clay, 20 g
kg of silt and 750 g kg™ of sand.

It was not necessary to do soil correction, considering that the chemical analysis of the soil
did not show high levels of acidity and presented SB values adequate for the cactus pear crop.
The application of 75 kg of phosphorus ha as single superphosphate (18% of P20s) and 40
kg of potassium ha? as potassium chloride (48% of K20) was done for the planting
fertilization as recommended by Martha et al. (2007). Thirty days after planting, urea was
used as the source of nitrogen (45% CH4N20) at levels 0, 100, 200 and 400 kg of N ha'
year?, being applied according to each treatment regarding the fertilization frequencies (30
and 30/60 days after planting) and the nitrogen levels.

For the cultivation of the cactus pear, it was adopted a spacing of 1.5 m x 0.1 m allowing a
density of 66.667 plants ha. The plots measured 4.5 m x 5.0 m, with a total of 48 plants with
one uncultivated meter between them. The subplots measured 4.5 m x 1.2 m with 12 plants
each. Four useful plants were evaluated per subplot.

One year after planting, the analyses of growth, production and chemical composition of the
cactus pear were performed. The following non-destructive morphometric observations were
done for the growth variables: number of cladodes (simple counting using an analogical
counter), plant height (using a measuring tape, from the surface of the soil to the apex of the
highest cladode), cladodes thickness (using a digital caliper of 0,05mm precision), width and
perimeter (using measuring tape in cm).

The harvest for the determination of green forage mass yield (GFMY) in ton ha, dry forage
mass yield (DFMY) in t ha and chemical composition of the cactus pear was performed
using a machete (Tramontina® of 30 cm). The cladodes were removed at their joint in order
not to cause damage to those that remained in the plant, leaving only the primary cladodes
(21). The material was weighed in the field, using a digital electronic scale, with capacity of 1
g to 5 kg, model Sf-400 UNICASA®, to obtain the total GFMY. Than, a sample of
approximately 500 g of green matter was taken for laboratory analyses and determination of
the dry forage mass yield in ton ha* year.

A simulation of the carrying capacity (CCAP) of the cactus pear genotype Doce Mitlda was
performed on one hectare to confine sheep for a period of 90 days. Knowing the DMY in ton
ha and that an ovine with an average weight of 25 kg of live weight (LW) consuming 3% of
LV x 60% WG in the diet on a DM basis, with 40% of concentrate, the following formula
was used: CCAP = (DMY ton ha?) / (individual intake x 90 days of confinement), where
CCAP = carrying capacity (number of animals). To estimate the water use efficiency (WUE)
in kg DM mm?, the DFMY in ton ha* was divided by the amount of rain accumulated during
the experimental period. The water accumulation (WAC) in t ha® was estimated through the
GFMY in t hal, where the GFMY was multiplied by the water percentage of the plant
obtained from the DM content, the result was subtracted from 100 and than divided by 1000.
The nitrogen use efficiency (NUE) given in (kg of DM kg N) was determined by relating
the DM yield to the applied N level.
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Regarding the analysis of chemical composition and determination of the dry matter (DM)
(Method INCT-CA G-003/1), crude protein (CP) (Method INCT-CA N-001/1), ether extract
(Method INCT-CA G-004/1), and neutral detergent fiber (NDF) (Method INCT-CA F-002/1),
the methodologies described by Detmann et al. (2012) were adopted, and they were carried
out at the Animal Nutrition Laboratory (LANA) of the UFPI.

The data were submitted to analysis of variance, the means of the nitrogen application
frequencies were compared by the Tukey’s test and the levels of the nitrogen fertilizer were
submitted to linear regression analysis, both with significance of 5%. The software SISVAR
version 5.0 (Ferreira, 2011) was used for the analyses.

3. Results and Discussion

There was no effect of interaction (P>0.05) between the nitrogen application frequencies (1
time year™, 6 times year™ and 12 times year) and the nitrogen levels (0, 100, 200 and 400 kg
ha year) on none of the studied variables (Tables 1, 2 and 3). This shows that, in the present
study, the effect caused by the nitrogen application frequency was independent of the
nitrogen level.

Table 1. Analysis of variance and effect of the frequencies and levels of nitrogen on growth
characteristics of cactus pear (Nopalea cochenillifera) genotype Doce Mitlda

. P —value
Variable Freq, Level Freg. x Level General Mean
Number of cladodes 0.04* 0.03* 0.44" 14.4
Thickness (mm) <0.01* 0.21™ 0.54" 11.8
Length (cm) <0.01* 0.34™ 0.37™ 40.1
Perimeter (cm) 0.03* 0.61™ 0.51™ 10.3
Width (cm) 0.36™ 0.88"™ 0.52" 8.1
Height (cm) 0.03* 0.09" 0.96"™ 67.2
Variable Nitrogen Application Frequency

1time year! 6 times year™ 12 times year™ SEM?

Number of cladodes 10.6b 18.4= 14.2ab 2.0
Thickness (mm) 8.8b 13.7= 12.5a 0.4
Length (cm) 15.9b 19.3= 17.9ab 0.6
Perimeter (cm) 37.5b 42.1= 40.8ab 1.1
Height (cm) 57.5b 73.5= ; 70.2ab 4.1

. Nitrogen Level (kg ha™) P —value 2
Variable 0 100 200 400  Linear R
Number of cladodes 10.1 13.4 20.4 13.7 0.24" -

4SEM: standard error of the mean; Level: level of nitrogen. *significant at P<0.05 for the
linear effect; ns not significant at P<0.05 for the linear effect.

The number of cladodes was influenced by the application frequency (P=0.04) and by the
levels of N (P=0.03). The highest number of cladodes was observed in the application
frequency of 6 times year?, with 18.442.0 cladodes per plant. Similar performance was
observed by Cunha et al. (2012), in studies with increasing levels of nitrogen fertilization,
where it was verified significant differences regarding the number of cladodes per plant. This
fact can be evidenced due to the nitrogen function in the plant, which acts stimulating the
expansive capacity, and increases its vigor and cellular division.
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There was no linear effect (P=0.24) of the N levels regarding the number of cladodes of the
cactus pear, but a quadratic tendency was observed for this effect (Table 1). Although the
data did not present linear adjustment, it is possible to observe an increase in the number of
cladodes according to the availability of nitrogen, with values ranging from 10.1 to 20.4
cladodes for absence of fertilization and for the level 200 kg ha™* of N, respectively. For the
level 400 kg ha of N, it was observed a decrease to 13.7 cladodes. Leite et al. (2018)
reported that with increase in nitrogen availability, an increase in the cladodes thickness is
observed up to 450 kg ha of N, and than a subsequent decreased.

The thickness, length and perimeter of the cactus pear cladode were affected (P<0.05) only
by the nitrogen application frequency. The cactus pear presented higher values of thickness,
length and cladode perimeter in the application frequency of 6 times year?, with 13.740.4
mm, 19.340.6 cm and 42.1#1.1 cm, respectively. The same was observed for height of the
plant (P=0.03) where the nitrogen application frequency of 6 times year showed the highest
value (73.5 £4.1 cm). Cunha et al. (2012), did not observe effect of levels of nitrogen
fertilization on the morphogenic characteristics, evidencing that the increase of the
application frequency has greater effect than the increase in the dosage of N for these
characteristics.

Significant effects on these variables can be expected because nitrogen acts as a cell division
and elongation stimulator, which promotes direct effects on these variables when N is applied
in a fractional way throughout the cactus pear’s cycle. Thus, it is evident that the application
frequency of 6 times year? allows a higher incidence of nutrient availability in the soil and
the effective use of this nutrient by the plants, converting the absorption into greater plant
vigor (Cunha et al., 2012).

The cladode width was not influenced (P>0.05) neither by the frequency nor by the
application levels of N. This fact can be explained by the increase of the number of cladodes
due to the greater nitrogen availability. Thus, the higher need of nutrients translocation to
new cladodes (drains), influences the characteristics related to the development of the
cladodes (Lemaire e Chapman, 1996).

Green (GFMY) and dry forage mass yield (DFMY), water accumulation (WAC), water use
efficiency (WUE), and nitrogen use efficiency (NUE) were influenced (P<0.01) by the
nitrogen application frequency (Table 2). The application frequency of nitrogen has a direct
effect on the variables related to production, as it stimulates the increase in cellular content and
in the expansive capacity of the plant, thus maximizing crop productivity.
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Table 2. Analysis of variance and effect of the frequencies and levels of nitrogen on
agronomic characteristics of cactus pear (Nopalea cochenillifera) genotype Doce Milda

. P —value
Variable Freq.9 Level Freg. x Level General Mean
GFMY? <0.01* 0.04* 0.54™ 106.3
DFMY® <0.01* 0.02* 0.34™ 7.0
CCAP® 0.09" 0.02* 0.42" 193.7
WACH? <0.01* 0.04* 0.55™ 107.6
WUE® <0.01* 0.03* 0.35"™ 7.6
NUE' <0.01* <0.01* 0.06™ 40.4

. Nitrogen Application Frequency
Variable time year? 6 times year™ 12 times year™ SEM
GFMY? 62.5b 151.0a 105.0ab 17.8
DFMY?" 4.5b 9.8a 6.7ab 1.0
WACH 58.0b 155.8a 109.0ab 18.5
WUE® 4.5b 10.9a 7.5ab 1.1
NUE' 24.6b 53.2a ; 43.5a 4.7

. Nitrogen Level (kg N ha™) P - value 2
Variable 0 100 200 400 Linear R
GFMY? 59.6 112.1 114.2 139.3 0.01* 80.07
DFMY?® 3.8 6.8 8.3 9.2 0.01* 82.7
CCAP® 115.0 181.9 227.6 250.1 <0.01* 85.1
WACH 59.9 114.6 114.9 141.0 0.02* 78.7
WUE® 4.2 7.3 9.0 10.0 <0.01* 83.2
NUE' - 64.5 315 25.3 <0.01* 71.2

GFMY?: Green forage mass yield (t ha); DFMY®: Dry forage mass yield (t ha™); CCAP®:
Carrying capacity (animals ha'), WACY Water accumulation (t ha), WUE®: Water use
efficiency (kg DM mm™); NUE": Nitrogen use efficiency (kg of DM kg N). 9Freq.: nitrogen
application frequency; Level: level of nitrogen. *significant at P<0.05 for the linear effect; ns
not significant at P<0.05 for the linear effect.

The nitrogen application frequency of 6 times year presented higher GFMY and DFMY
(P<0.01) with values of 151.0+17.8 and 9.8+4.0 t ha™, respectively, surpassing the application
frequency of 1 time year™ in 88.5 and 5.3 t ha of dry and green forage mass, respectively, than.
In studies carried out by Silva et al., (2014b), with different genotypes of cactus pear, similar
effects were observed, where the genotype Doce MiUda presented higher values of GFMY and
DFMY in comparison to the other evaluated genotypes.

The DFMY found in this study is lower the one found by Dubeux Junior et al. (2006) in studies
developed with different levels of nitrogen and phosphate fertilization, where they observed
dry matter values ranging from 6 to 17 ton ha* at a density of 5,000 plants ha™ and 17,8 to 33,7
t ha! at a density of 40,000 plants ha. The lower production in this experiment is justified by
the fact that the evaluation was carried out one year after planting and due to the low air relative
humidity in the region, which in October 2015 was less than 15%.

Regarding the variable GFMY, the results obtained in the present study were inferior to the
results obtained by Junior et al. (2016) who studied the effects of chemical, organic and
organic-mineral fertilization on morphometric and yield characteristics of the cactus pear
‘Gigante’, and observed values higher than 115 ton ha™. It is worth mentioning that the cited
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authors considered the productivity at 650 days after planting, presenting a greater
accumulation of forage mass.

WAC and WUE presented higher values at the application frequency of 6 times year?,
155.8+18.5 ton ha' and 10.9#1.1 kg DM mm, respectively. The NUE was higher in both
application frequencies of 6 times year™ and 12 times year™. The use of urea as a source of
nitrogen should consider the relative susceptibility to losses by volatilization and leaching,
which may make it impossible to absorb and assimilate the entire nitrogen content (Cunha et
al., 2012). Nitrogen partitioning makes it possible to make the fertilizer available in smaller
and more frequent volumes, what avoids losses, and allows the plant to assimilate the
necessary amounts of the fertilizer. This explains the better performance of the crop in
productive and morphological characteristics when N is supplied divided throughout the life
cycle of the plant.

There was an increasing linear effect (P<0.01) on GFMY and DFMY in relation to the
increase of the nitrogen levels. GFMY and DFMY increased more than twice with the
application of 400 kg N ha, when compared to the treatment without nitrogen. Gonzalez
(1989) observed the positive effect of nitrogen and phosphorus application on the green mass
production of Opuntia lindheimeri. In cactus pear, the N acts in the expansion of cladodes,
and consequently, in the increase of the number of cladodes, a characteristic that presents
direct relation with the production. Differently from the study of Cunha et al. (2012), where
no effects of nitrogen fertilization were observed on fresh mass yield in tons per hectare.

For the variables carrying capacity (CCAP), WAC and WUE, it was observed that the
increase of the nitrogen levels (0, 100, 200 and 400 kg N ha) provided increasing linear
increments, being observed that the higher the level of nitrogen the higher the cactus pear
production (Table 2). However, the same pattern was not observed on NUE, which presented
decreasing linear effect, and this behavior was similar to those found by Arago Filho et al.
(2013), who obtained maximum N efficiency at the lowest nitrogen level (50 kg ha?),
associating this effect to the higher assimilation and lower nutrient loss by leaching or
volatilization to the environment. In the present study, the lowest level tested (100 kg N hat)
presented the best efficiency, which means it took a lower amount of N applied to produce
one kg of accumulated DFMY, and this efficiency reduced as the N level applied increased.

The increasing linear effects (Table 2) can be explained by the fact that nitrogen provides an
increase in the forage mass, which is directly linked to the other variables. WAC presented
increasing values ranging from 59.9 to 141.0 ton ha, and this increasing behavior was also
found by Cavalcante et al. (2014) for water accumulation in different cactus pear genotypes
as a function of density increase, and Ramos et al. (2017) for Nopalea cochenillifera as a
function of different planting densities in cultivation with and without weeding, with the
difference between genotypes and environmental conditions equivalent to the different
nitrogen levels.

Rocha et al. (2017) evaluating WUE and WAC in different genotypes of cactus pear in
Petrolina-PE, observed that the genotype that presented the highest efficiency in the use and
accumulation of water, was the most productive. Similar values of the cactus pear genotype
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Doce Milda of 7.4 and 7.7 kg DM mm* were found by Silva et al. (2014b) for the variable
WUE, evaluating indicators of water and nutrients use efficiency of cactus pear clones under
rainfed conditions.

Regarding the chemical composition of the cactus pear (Table 3), it was observed effect of
the nitrogen application frequency (P<0.01) on the dry matter (DM), crude protein (CP),
neutral detergent fiber (NDF) and ether extract (EE) contents. The DM content was lower in
the application frequency of one time year?! with 6.240.2%, whereas the CP and NDF
contents were higher in this frequency, with 4.040.1% and 33.830.5%, respectively. These
results can be explained by the higher production of cladodes, which is potentiated, thus
diluting the proportion of nutrients in the plant.

Table 3. Analysis of variance and effect of the frequencies and levels of nitrogen on chemical
composition of cactus pear (Nopalea cochenillifera) genotype Doce Milda

P —value General Mean
Variable Freq.® Level Freq. x
Level

DM? <0.01* 0.05* 0.25™ 8.0
CP® <0.01* 0.01* 0.07"™ 3.3
NDF°¢ <0.01* 0.04* 0.15™ 30.1
EE <0.01* 0.14" 0.08" 1.1

. Nitrogen application frequency
Variable 1 time year? 6 times year! 12 times year* EPM
DM? 6.2b 8.7a 9.1a 0.2
CPP 4.0a 3.0b 2.8b 0.1
NDF¢ 33.8a 28.2b 28.4b 0.5
EE 1.1ab 1.6a . 0.7b 0.1 ,

. Nitrogen Level (kg N ha™) P - value R
Variable 0 100 200 400 Linear
DM? 7.7 7.7 8.8 7.8 0.58"™ -
CPP 3.1 3.6 3.2 3.1 0.18™ -
NDF¢ 28.8 29.6 30.2 31.6 <0.01* 97.2
EE¢ 0.97 1.42 0.94 1.35 0.34™ -

aDM: Dry Matter (%); °CP: Crude protein (% DM); °NDF: Neutral detergent fiber (% DMS);
dEE: Ether Extract (% DM). *significant at 5%; " not significant at 5. ®Freq.: nitrogen
application frequency; Level: level of nitrogen. Means followed by different letters in the
rows are different (P<0.05) by the Tukey's mean test.

Regarding the nitrogen levels, there was a positive linear effect (P<0.01) on the NDF content,
presenting 31.620.5% in the highest N level. There was no linear effect on the contents of
DM, CP and EE of cactus pear with the increase of the nitrogen fertilization. The increase in
the nitrogen application frequency presented a higher effect than the increase in the nitrogen
level on the chemical composition of the cactus pear, showing that the nitrogen fertilizer
application strategy is important to both growth and production, as well as to the chemical
composition of the cactus pear.

In an analysis of the economic viability performed on a corn crop regarding the level and
application frequency of N, Duete et al. (2009) reported that the non-application of N
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provided a lower economic return and was not feasible, and pointed the application of the
nitrogen fertilizer in three times for that crop with 140 DAS as the alternative that presented
higher benefit/cost and gross revenue. Knowing that the cactus pear crop has 365 DAP, the
application frequency of 6 times year may be a viable option, since it presented higher
productivity indexes.

When the nitrogen is applied 6 times year, it provides greater values of number of cladodes,
thickness, and length, perimeter and yield characteristics. When the nitrogen is applied 1 time
year! it provides higher crude protein and fiber content in the cactus pear (Nopalea
cochenillifera) genotype Doce MiUda.

The level 400 kg of N ha* provides higher yield of cactus pear and less efficiency in the use
of nitrogen.
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