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ABSTRACT: Cactus pear is adapted to semi-arid conditions. In this study, the objective was to evaluate the
water use efficiency and green and dry mass yields of the cultivar Gigante under different fertilization rates
and sources in three production cycles, spacing and planting arrangement. Seventy two treatments, involving
two types of arrangements in the plots, three spacings in the subplots and 12 types of fertilization in the sub-
subplots were arranged in a split-split-plot scheme, using randomized block design with three repetions.
Dry mass content decreases while water use efficiency and green mass and dry mass yields increase from the
first to the third cycle. It is feasible to use planting arrangements in triple or quadrupling rows which allow
increasing the mechanization index of the crop. Organomineral fertilization with 30 or 60 Mg ha’ year’1
of bovine manure combined with 150-300-600 kg ha™* year "of N-P,0.-K,0 and 300-300 kg ha' year" of
P,0,-K,0, respectlvely, orgamc fertilization with 90 Mg ha™' year ! of manure; and mineral fertilization with
300-300-600 kg ha! year" of N-P,O,-K O ensure green mass and dry mass ylelds greater than 200 and 15
Mg ha cycle™, respectively, and water use efficiency greater than 20 kg ha' mm™ in ‘Gigante’ cactus pear. It
is concluded that yields of this magnitude are ensured with application of about 300-300-300 kg ha year!
of N-P,O_-K O using organic, organomineral or mineral sources.
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Produtividade e eficiéncia do uso da agua
da palma forrageira sob arranjos, espagamentos e adubacoes

RESUMO: A palma forrageira é adaptada as condi¢des semidridas. Neste trabalho, objetivou-se avaliar
em trés ciclos de producao, a eficiéncia do uso da agua e as produtividades de massa verde e matéria seca,
da cultivar Gigante sob diferentes doses e fontes de adubagio, espagcamento e arranjos de plantas. Setenta
e dois tratamentos, envolvendo dois arranjos nas parcelas, trés espagamentos nas subparcelas e 12 tipos de
adubagio nas sub-subparcelas foram dispostos em esquema de parcelas sub-subdivididas, em delineamento
em blocos casualizados, com trés repeti¢oes. O teor de matéria seca decresce e a eficiéncia do uso da dgua e as
produtividades de massa verde e matéria seca aumentam do primeiro para o terceiro ciclo. E viavel o uso de
configuragdes de plantio em fileiras triplas ou quadruplas que possibilitam aumentar o indice de mecanizagédo
na cultura. As adubagées organominerais com 30 ou 60 Mg ha' ano™ de esterco bovino combinadas com
150-300-600 kg ha'' ano™ de N-P,0,-K,O e 300-300 kg ha" ano" de P,0,-K,O, respectivamente, adubagao
organica com 90 Mg ha' ano™! ! de esterco bovino e adubagio mineral com 300-300-600 kg ha' ano™ de
N-P,0,-K,0 proporcionam produtividades de massa verde e de matéria seca maiores que 200 e 15 Mg ha™'
ciclo, respectivamente, e eficiéncia de uso da dgua maior que 20 kg ha’ mm™ em palma forrageira ‘Gigante.
Conclui-se que produtividades dessa ordem sdo asseguradas com aplicagéo de cerca de 300-300-300 kg ha' ano™*
de N-P,0,-K,0 com fontes organica, organomineral ou mineral.

Palavras-chave: Opuntia, adubagao organomineral, esterco bovino
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INTRODUCTION

The selection of a production system for cactus pear must
consider some points, such as the socioeconomic condition
of the producer, production costs (Donato et al., 2017a),
possibility of mechanization (Padilha Junior et al., 2016), soil
fertility, credit availability, and cultivar (Silva et al., 2010).

Cactus pear is adapted to semi-arid conditions because
it withstands long drought periods. This adaptation involves
many morphophysiological aspects, such as the Crassulacean
Acid Metabolism (CAM) (Pimienta-Barrios et al., 2012), whose
main advantage is the closure of stomata during daytime, which
reduces excessive water loss through transpiration, although
there may be losses of yield.

Cultivation techniques used for cactus pear such as
increased planting density (Cavalcante et al., 2014), organic
fertilization (Donato et al., 2014a), or mineral fertilization
(Silva et al., 2016) can enhance its growth, dry mass yield and
water use efficiency. This contradicts the idea that plants with
CAM metabolism are little productive (Donato et al., 2017¢).

Planting arrangements in triple or quadruple rows can
increase the mechanization index of the crop (Padilha Junior
etal., 2016), because it allows the use of mechanized or animal
traction for fertilization, spraying and harvesting (Donato et
al., 2017b).

There are several studies involving planting density (Sales
etal., 2013; Cavalcante et al., 2014; Silva et al., 2014), spacings
(Ramos et al., 2011), organic fertilization (Donato et al., 2014a),
chemical fertilization (Silva et al., 2016) and organomineral
fertilization (Padilha Junior et al., 2016). However, since it is
a perennial crop with long cycle, 10 years or more (Donato
et al., 2017b), the adopted production system is essential
for its production longevity. This justifies the conduction of
studies which consider different types of fertilization, planting
arrangements and spacings, and also contemplating more
production cycles, particularly until crop stabilization. Thus,
this study aimed to evaluate for three production cycles the
water use efficiency and green mass and dry mass yields of
cactus pear cv. Gigante under different doses and sources of
fertilization, spacing and planting arrangements.

480
440
400
360
320
280
240
200
160 1
120 4
80 4
40 4

[

Rainfall (mm month)

Alex A. Lédo et al.

MATERIAL AND METHODS

The experiment was carried out for three production
cycles at the Instituto Federal Baiano, Campus of Guanambi,
Bahia state, Brazil, in Oxisols, with weak A horizon, medium
texture, flat to gently undulating relief. The coordinates are 14°
13’307 S, 42° 46’ 53” W, at altitude of 545 m, and Aw climate
according to Koppen’s classification, with mean annual rainfall
and temperature of 680 mm and 26 °C, respectively.

In the first production cycle, with duration of 650 days
from planting to harvest, conducted between October 2011
and July 2013, rainfall was equal to 912.27 mm, corresponding
to two rainy seasons - between October 2011 and February
2012 (442.67 mm), and between October 2012 and April
2013 (469.62 mm). In the second cycle, with duration of 330
days between two consecutive harvests, from August 2013 to
July 2014, rainfall was equal to 853.96 mm. In the third cycle,
with duration of 330 days, between August 2014 and July
2015, rainfall was 879.60 mm. The data were recorded in an
automatic meteorological station installed in the experimental
area (Figure 1).

Treatments were arranged in split-split-plot scheme with
two planting arrangements (triple and quadruple rows) in the
plots; three spacings S, (3.00 x 1.00 x 0.25 m), S, (3.00 x 1.00
x 0.16 m) and S, (3.00 x 1.00 x 0.125 m) in the subplots; and
12 types of fertilization, Manure (Mg ha™) - N-P,0.-K,O (kg ha™):
1) 0-000-000-000; 2) 0-300-300-300; 3) 0-300-300-600; 4)
30-000-000-000; 5) 30-150-300-300; 6) 30-150-300-600; 7)
60-000-000-000; 8) 60-000-300-300; 9) 60-000-300-600; 10)
90-000-000-000; 11) 90-000-000-300; and 12) 90-000-000-600
in the sub-subplots. Fertilizations were carried out in the year
of planting and in the rainy seasons of the cycles.

Bovine manure doses of 30, 60 and 90 Mg ha'! respectively
supply the soil with 130-270-75; 260-540-150 and 390-810-
225 kg ha' of N-P,0.-K O, per application. The manure used
has OM = 63.73 g kg™, ashes = 36.27 dag kg'!, total carbon =
29.98 dag kg and pH = 7.42 - Official Method of the Ministry
of Agriculture (Brasil, 2007); moisture on dry basis at 65 °C
= 16.72%; contents of macronutrients: Ca, Mg, K, N and S -
1.7,0.2, 2.5, 5.2 and 2.3 g kg, respectively (EPA 3051/APHA
3120B), in this order, P = 4.7 gkg! (APHA 4500-PC); contents
of micronutrients (EPA 3051/APHA 3120B): B, Cu, Zn, Mn and
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Source: Data recorded in automatic meteorological station installed in the experimental area of the Instituto Federal Baiano

Figure 1. Monthly rainfall along the experimental period
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Fe - 2.1, 45.2, 200.5, 391.8 and 1,932.4 mg kg, respectively;
and density of 0.38 g cm™.

The sources used as mineral fertilizer were: ammonium
sulfate (NH,),SO, (20% N; 24% S), single superphosphate,
Ca(H,PO,),2H,0, (18% P,0,; 12% S; 18% Ca) and potassium
chloride, KCL, (58% of K,0; 45% of Cl). Nitrogen and
potassium were split into two applications, carried out at the
beginning and middle of the rainy season of each cycle.

Prior to planting, the soil was sampled for chemical and textural
characterization: Sandy Clay Loam texture; pH = 5.57; OM = 1.13
dagkg'; P =23.57mg dm” and K= 0.46 cmol_dm™; Na=0.10; Ca
=1.93; Mg = 0.87 and H+Al = 1.63 (cmol_dm“); B = 0.40; Cu =
0.40; Zn = 2.03; Fe = 35.93 and Mn = 50.2 (mg dm™); SB = 3.40;
effective CEC = 3.40 and CEC at pH 7.0 = 4.97 (cmol_dm~); V =
67.67%; Prem=39.10 mg L and EC = 0.93 dSm"".

Preparation of the area consisted of cleaning, subsoiling,
plowing and harrowing, opening of furrows with three- and
four-row furrower regulated for 1.00 m between furrows
and mean depth of 0.30 m. Planting was carried out using
one cladode per hole, in the vertical position, with the cut
side facing up and 50% of its height buried into the ground.
Fertilizations applied at planting followed the treatments.
Cultivation practices were similar to those described by Silva
et al. (2012, 2013) and Donato et al. (2014a, b).

At 650 days after planting (DAP), the first harvest was
carried out and the structural characteristics of cactus pear
were measured in the four central plants of each plot. The
following characteristics were evaluated: plant height (PH),
number of cladodes per plant (NCL), cladode length (CLL),
cladode width (CLW) and cladode area index (CAI). The first
harvest was carried out in July 2013, and it was repeated in
the subsequent cycles, with period of 330 days between them,
July 2014 for the second cycle and July 2015 for the third cycle.

A tape was used to measure plant height, as the distance from
the soil to the tip of the highest cladode; for cladode width and
length, the region of greatest width and length were considered.
Cladode area index (CAI) was estimated as the ratio between the

415

total cladode area of the plant (Pinto et al., 2002) and the area
occupied by the plant in the soil, represented by the spacing.

Dry mass content (DM) was determined by method
proposed by Silva & Queiroz (2009). At harvest, primary
cladodes were preserved (Silva et al., 2012). All plants in the
useful plot were collected to determine green mass yield (GMY),
Mg ha! cycle. Dry mass yield (DMY) was estimated based on
GMY and DM content. Water use efficiency (kg ha' mm™) was
calculated based on DM yield and on the rainfall recorded in
each period (Figure 1).

The data of the evaluated characteristics were subjected
to analysis of variance for each cycle. Significant interactions
were further analyzed and, subsequently, means of fertilizations
were grouped by the Scott-Knott criterion (p < 0.05), whereas
means of arrangements and spacings were compared by Tukey
test (p < 0.05).

RESULTS AND DISCUSSION

The analysis of variance revealed that, for the number
of cladodes, in the first cycle, cladode length and dry mass
content, in the third cycle, of cactus pear cv. Gigante, there
was interaction (p < 0.05) between fertilization and spacing
whereas the structural characteristics cladode length, cladode
width, plant height, cladode area index, dry mass content and
yield varied independently with spacings. Dry mass content
(DM), dry mass yield (DMY) and rainwater productivity based
on dry mass varied with the fertilizations, regardless of the
planting arrangements and spacings.

In the first cycle, for the number of cladodes two groups
were formed between the fertilizations according to the Scott-
Knott criterion (p < 0.05) at the spacings S, (3.0x 1.0 x 0.25 m)
and S, (3.0 x 1.0 x 0.125 m) with lowest values in the absence
of fertilization at the spacing S and in the absence of mineral
fertilization and fertilization with 30 Mg ha! of manure at the
spacing S, (Table 1).

Between spacings there were differences by Tukey test
(p < 0.05) for the number of cladodes in all organic and

Table 1. Structural characteristics and dry mass content of cactus pear cv. Gigante cultivated under different fertilizations and

spacings in the first and third production cycles
Treatments

Cycle I -2011-2013
Number of cladodes
S, S, S; S,

Fertilizations

Cladode length (cm)

Characteristics evaluated

Cycle Ill - 2014-2015
Dry mass content (g kg")
S, S;

1 12.3Ba 95Ba 85Ba 28.5Bb 32.0Aa 27.2Bb 79.7Aa 64.6B b .

2 18.7Aa 155Aa 13.7Aa 32.2Aa 32.2Aa 33.0Aa 724 Aa 61.5Ba 70.6Aa
3 21.6Aa 14.0ADb 13.0ADb 32.1Aa 32.7Aa 328Aa 841Aa 63.5Bb 76.1Aa
4 17.0Aa 13.6 Aab 9.7Bb 30.6Ab 33.9Aa 33.0 Aab 66.7Ba 67.9Aa 68.1Ba
5 177Aa 16.9Aa 147Aa 32.6Aa 32.3Aa 33.3Aa 65.0Ba 71.0Aa 69.3Ba
6 193Aa 15.5Aa 143Aa 31.4Ab 33.4 Aab 341Aa 68.2Ba 67.2Ba 68.1Ba
7 203Aa 11.6Ab 10.2ADb 31.7Aa 334Aa 33.4Aa 65.2Ba 69.8Aa 62.6Ba
8 18.8Aa 16.7Aa 11.0ADb 31.9Aa 341Aa 329Aa 67.1Ba 775Aa 70.8Aa
9 19.0Aa 14.1 Aab 11.7ADb 31.1Aa 341Aa 33.5Aa 61.0Ba 61.6Ba 62.2Ba
10 219Aa 13.4Ab 10.5ADb 32.7Aa 341Aa 341Aa 721Aa 723Aa 64.1Ba
11 18.7Aa 14.4 Aab 121ADb 31.0Aa 33.7Aa 33.1Aa 68.3Ba 60.0Ba 66.1Ba
12 18.9Aa 13.7 Aab 126 Ab 31.6ADb 35.1Aa 34.7Aa 70.8Aa 724 Aa 702Aa

CV (%) 17.60 5.58 13.26

Fertilization: (Mg ha™') of bovine manure - N-P,0-K,O (kg ha™'), (1) - 0-000-000-000; (2) - 0-300-300-300; (3) - 0-300-300-600; (4) - 30-000-000-000; (5) - 30-150-000-300; (6) - 30-
150-300-600; (7) - 60-000-000-000; (8) - 60-000-300-300; (9) - 60-000-300-600; (10) - 90-000-000-000; (11) - 90-000-000-300; (12) - 90-000-000-600

Means followed by the same uppercase letters in the column for fertilizations belong to the same group according to the Scott-Knott criterion (p < 0.05) and means followed by the
same lowercase letters in the row for spacings did not differ significantly by Tukey test (p < 0.05); Spacings: S - (3.0 x 1.0 x 0.2 m);S, - (3.0 x 1.0 x 0.16 m); S, - (3.0 x 1.0 x 0.125 m)

R. Bras. Eng. Agric. Ambiental, v.23, n.6, p.413-418, 2019.
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organomineral fertilizations with more than 60 Mg ha' of
manure. In general, highest number of cladodes occurred in
fertilization with greater supply of nutrients, especially at less
dense spacings S, (3.0 x 1.0 x 0.25 m), corroborating Donato
et al. (2014a) and Silva et al. (2016).

In the third cycle, two groups were formed between
fertilizations, at the spacings S (3.0x1.0x0.25m) and S, (3.0
x 1.0x0.125 m) for cladode length and at S, (3.0 x 1.0 x 0.16 m)
and S, for DM content (Table 1).

Interaction between spacing and fertilization for cladode
length was found by Barros et al. (2016), despite being
considered as a characteristic little influenced by management,
with higher genotypic dependence (Mondragén Jacobo &
Pérez-Gonziéles, 2001), with greater dimension in primary
cladode and decreasing as other orders appear (Silva et
al., 2010). Cladode length was smaller in the absence of
fertilization at both spacings, as found by Barros et al. (2016).

Among spacings there were differences for cladode length
in the absence of fertilization, with highest values at spacing
S,, in the fertilization with 30 Mg ha"! of manure, with higher
value at S, compared to S, in the organomineral fertilization
with 30 Mg ha! of manure combined with 150-300-600 kg ha!
of N-P,O_-K,O, with higher value for S, compared to S, and
in the organomineral fertilization with 90 Mg ha™' of manure
combined with 600 kg ha" of K,O, with lowest value at the
spacing S,.

Higher dry mass contents were found at the spacing S,
in the absence of fertilization and in the fertilizations with
greater supply of nutrient, mineral and organic with 90 Mg ha™.
At the other spacings there was no pattern of variation with
nutrient supply, which is corroborated by Donato et al. (2014b).
Between spacings, there were differences for DM in the absence
of fertilization, with higher values at spacing S, compared to
S,, and in the mineral fertilization 0-300-300-600 kg ha of
N-P,0.-K,O, with lowest value at S,.

In the first and second production cycles, the height of
cactus pear cv. Gigante was greater at the spacing S, (Table 2),
similar to the results found by Sales et al. (2013), Donato et al.
(2014a) and Silva et al. (2016), who obtained greater height in

Alex A. Lédo et al.

less dense plantations. Cladode length was greater at spacing S,
in the first cycle and similar in the second cycle, while cladode
width in the second cycle was greater at spacing S, and, in the
third, smaller in S..

The number of cladodes in the second cycle was higher at
the spacing S, compared to S, and, in the third cycle, lower at
the spacing S, (Table 2).

Cladode area index in the first and second cycles was higher
at spacing S, compared to S and, in the third cycle, was lower
atspacing S, (Table 2). DM content in the first cycle was higher
at the spacing S ;; DMY in the first and third cycles was higher
at spacing S, whereas in the second cycle, it was higher at the
spacing S, compared to S, agreeing with Donato et al. (2014a),
who found higher DMY at the spacing with greater distance
between plants.

Highest values of DM in the first cycle were recorded in the
absence of fertilization and with manure application of
30 Mgha' (Table 3). These results agree with those of Silva et al.
(2013) and Barros et al. (2016), who observed reduction of DM
with increased fertilization, justifiable by the greater number
of cladodes (Table 1), more tender. In the second cycle, DM
was higher without fertilization and with fertilizations using
90 Mg ha' of manure without and with addition of potassium
and, in the third cycle, in the absence of fertilization and with
fertilizations using 60 Mg ha' of manure combined with
300-300 kg ha' of P,O,-K,0; 90 Mg ha' of manure without
and with addition of potassium, and mineral fertilization with
300-300-600 kg ha' of N-P.0_-K.O.

These results are close to those reported by Donato et al.
(2014b), who observed at 1.0 x 0.5 m spacing the same DM
content in the absence of fertilization and with fertilization of
up to 90 Mg ha! of manure. On mean, DM content decreased
by 32.54% from the first to the second cycle and by 37.50%
from the first to the third cycle. The highest reductions were
40.99 and 48.21% in the absence of fertilization and 46.44 and
48.86% with manure application 30 Mg ha™, from the first to the
second cycle and from the first to the third cycle, respectively.
These results agree with those of Donato et al. (2017c) and
confirm that fertilizations with greater nutrient supply promote

Table 2. Structural characteristics of cactus pear cv. Gigante cultivated at different Spacings in three production cycles, 2011-

2013,2013-2014 and 2014-2015

Characteristics

Treatments S

1
(3.0x1.0x0.2m)

evaluated

(3.0x1.0x0.16 m)

Spacings
SZ sa

(3.0 X 1.0 X 0.125 m) CV (%)

CLL (cm) 29.7a ) 28.40 b )
PH (cm) 112.0a 1033b 95.90 b 114
Cyc'%}é‘” - CAI (m?) 31b 32ab 3502 226
DM (g kg 91.2b 107.8b 129202 233
DMY (Mg ha'") 1421 1221 1776 2 30.0
CLL (cm) 308a 2932 29102 65
CLW (cm) 16.8a 147D 1460 b 69
Cycle Il - PH (cm) 116.1a 933D 92.10b 115
2013-2014 NCL (cm) 1582 145 ab 12.40b 231
CAI (1) 29b 33D 3702 296
DMY (Mg ha") 17.0a 15.0 ab 1240b 340
CLW (cm) 1692 16.7 2 16.20 b 58
Cycle Il - NCL (un) 141a 1342 11.00b 26.1
2014-2015 CAI (m2) 26D 392 4202 258
DMY (Mg ha-) 158 17.8 2180 a 27.0

CLL - Cladode length; PH - Plant height; CLW - Cladode width; NCL - Number of cladodes; CAI - Cladode area index; DM - Dry mass content; DMY - Dry mass yield
Means followed by the same lowercase letter in the line do not differ significantly by Tukey test (p < 0.05)

R. Bras. Eng. Agric. Ambiental, v.23, n.6, p.413-418, 2019.
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Table 3. Dry mass content (DM), green mass yield (GMY), dry mass yield (DMY) and rainwater use efficiency based on the
dry mass of cactus pear cv. Gigante cultivated under mineral, organomineral and organic fertilization, in three production
cycles, 2011-2015

Rainwater use efficiency based

DM content (g kg') on DMY (kg ha' mm-)

GMY (Mg ha' cycle)

DMY (Mg ha' cycle)

. 000000000000 Production cycles
1 st 2nd 3rd 1 st 2nd 1 st znd 3rd

Fertilizations

1 1371a 809a 71.0a 737b 97.7c . 93¢ 79¢ 8.2d 10.2¢ .
2 109.6b 675b 68.1b 153.0a 1982b 2422b 16.2a 135b 16.6D 17.7a 15.8b 18.8 Db
3 1001b 575c 746a 1770a 2253a 286.0b 16.7a 127b 215a 18.3a 14.9b 24.4 2
4 1320a 70.7b 675b 979b 1753b 1994c¢ 124b 123b 13.1c¢ 13.6 b 14.4b 149¢
5 101.5b 742b 684b 1584a 2088b 262.6b 158a 154a 183D 17.3a 18.1a 20.8b
6 103.4b 691b 678b 1564a 2033b 300.0a 156a 136a 204a 17.1a 16.0a 2322
7 1101b 746b 659b 1378a 179.1b 2678b 145a 128b 176D 15.9a 15.0b 20.0b
8 100.1b 740b 71.8a 1752a 2328a 286.1b 16.6a 171a 205a 18.2a 20.0a 23.3a
9 96.5b 669b 616b 1624a 2679a 3468a 151a 175a 212a 16.5a 2054 242a
10 107.3b 813a 695a 136.0a 2386a 3063a 141a 186a 21.1a 15.4a 21.8a 24.0a
11 1126b 91.4a 648b 136.2a 2428a 307.7a 152a 220a 199a 16.6a 25.7a 2262
12 1061b 793a 711a 1505a 2478a 321.5a 150a 193a 232a 16.4a 22.7a 26.4a
CV (%) 23.3 21.7 13.2 33.4 23.5 21.4 30.0 34.0 27.0 30.0 34.0 27.0

First cycle duration, 650 days (from planting to harvesting) and conduction between October 2011 and July 2013; Total rainfall in the period, 912.27 mm, corresponding to two rainy
seasons - first one between October 2011 and February 2012 (442.67 mm) and second one between October 2012 and April 2013 (469.62 mm); Second cycle, period between two
harvests, August 2013 to July 2014, with duration of 330 days; rainfall in the period, 853.96 mm; Third cycle, period between two harvests, August 2014 to July 2015, with duration

of 330 days, rainfall in the period was 879.60 mm; 12 types of mineral, organomineral and organic fertilizations expressed in Mg ha' of bovine manure - N-P,0-K,O (kg ha™');
Fertilizations: (1)-0-000-000-000; (2)-0-300-300-300; (3)-0-300-300-600; (4)-30-000-000-000; (5)-30-150-000-300; (6)-30-150-300-600; (7)-60-000-000-000; (8)-60-000-300-300;

(9)-60-000-300-600; (10)-90-000-000-000; (11)-90-000-000-300; (12)-90-000-000-600

Means followed by the same lowercase letter in the column do not differ significantly by Scott-Knott test (p < 0.05)

better plant growth, with emergence of new cladodes (Donato
et al., 2014a; Silva et al., 2016), lower lignification of tissues
and higher water accumulation (Donato et al., 2014b), which
is accentuated in the second and third cycles, a consequence
of the younger age of the cladodes, 330 days between harvests,
compared to 650 days for the harvest in the first cycle. There
is a dilution effect, in which the GMY promoted by the
development in the favorable period is more intense than the
DM production (Donato et al., 2014b).

For GMY, DMY and water use efficiency based on DMY, the
lowest values were found without fertilization and with 30 Mg
ha! of manure in most cases, whereas the highest values occurred
in fertilizations with greater nutrient supply, particularly in
organic fertilizations with 60 Mg ha' combined with potassium,
90 Mg ha' of manure with or without potassium addition,
mineral fertilization with 300-300-600 kg ha" of N-P,0,.-K,0,
or organomineral fertilization with 30 Mg ha' of manure and
150-300-600 kg ha' of N-P,0_-K 0.

There were mean increments of 46.81 and 89.11% for GMY,
3.60 and 25.49% for DMY and 10.67 and 30.18% for water
use efficiency in cactus pear cv. Gigante, from the first to the
second cycle and from the first to the third cycle, respectively.
In general, for GMY, the highest increments occurred in
fertilizations with greater nutrient supply, for instance, 72.78
and 121.54% from the first to the second and from the first to
the third cycle, respectively, with 90 Mg ha™' of bovine manure
with or without potassium.

For DMY and water use efficiency, decreases were
recorded in the absence of fertilization in both cycles, and
from the first to the second production cycle in mineral
fertilization, organomineral fertilization with 30 Mg ha' of
manure combined with 150-300-600 kg ha' of N-P,0.-K,O
and in organic fertilization with 60 Mg ha'. The highest
increments of DMY, 35.31 and 45.25%, and water use
efficiency, 44.57 and 50.69%, from the first to the second and
from the first to the third cycle, respectively, were observed in

the fertilizations with 90 Mg ha! of manure with or without
potassium addition.

Water use efficiency translates the species’ capacity of
adaptation to conditions of water restriction (Donato et al.,
2017¢). This process is favored by the size of the source, which
is the reserve left in the previous harvest represented by the
primary cladodes (Lima et al., 2016), the root system already
established, and the production of “rainfall” roots, which are
roots produced to absorb water as soon as rain occurs, dying
afterwards.

In general, in the absence of fertilizers, DMY was on mean 8.7
Mg ha' cycle! in the three cycles; water productivity was close
to 10 kgha' mm™ and the DM content decreased by more than
40%, due to cladode age. By contrast, for the fertilization with the
greatest nutrient supply, especially organic and organomineral,
in the third production cycle, period of crop stabilization, DMY
and water use efficiency were respectively higher than 20 Mg ha™!
and higher than 20 kg ha' mm™. These values demonstrate
the importance of fertilization as a production factor, capable
of increasing DM vyield and water use efficiency in plants with
CAM metabolism in rainfed cultivation in the Brazilian semi-
arid region (Donato et al., 2017c).

CONCLUSIONS

1. Dry mass content decreases, while green mass yield, dry
mass yield and water use efficiency increase from the first to
the third cycle.

2. It is feasible to use planting arrangements in triple or
quadruple rows which allow favoring the mechanization index
of cactus pear cv. Gigante.

3. Water use efficiency greater than 20 kg ha' mm™and green
mass and dry mass yields higher than 200 and 15 Mg ha cycle™,
respectively, in cactus pear cv. Gigante are ensured with application
of about 300-300-300 kg ha™ year of N-P,O,-K,O using organic,
organomineral or mineral sources.
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