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Abstract

Population expansion increases the water use for food production, which has stimulated farmers to cultivate vegetable with
improved water use efficiency. The purpose of this meta-analysis study was to estimate the productivity gain of irrigated and
fertilized forage palm plants (Opuntia ficus-indica (L.) Mill. and Nopalea cochenillifera (L.) Salm-Dyck) compared to non-irrigated
ones. A systematic review was done and productivity average, tendency and dispersion measures were carried out from a search
carried out between October 23 and 27, 2017, without any restriction of date and location and use of filters. Data were submitted
to normality, hierarchical grouping, and meta-analysis tests. It has been observed that irrigated forage palm plant presents an
increasing production of 53.54 t hal year* when compared to non-irrigated and 80.25 t ha'! year?, with higher irrigation levels, and
26.83 t hal year® with smaller water levels, with the possibility of even higher yields, especially in semiarid regions.

Keywords: Cactaceae; Opuntia; Nopalea; non-irrigated land; water requirement; irrigation.

Abbreviations: AD_average of the differences; CO,_carbon dioxide; D_difference of productivity; DB_data base; ETo_reference
evapotranspiration; H2_relationship between the size of the confidence interval and the estimate of the measure of effect; ha_
hectare; |1>2_heterogeneity percentage variance among studies; K_number of combined studies; kg_kilogram; km_kilometer; K-
S_Kolmogorov-Smirnov’s; LL_lower limit; MD_average of differences; mm_millimeter; N_nitrogen; P_statistical significance
probability; S_subgroups; SS_search strings; S-1_first subgroup; S-1l_second subgroup; S-Ill_third subgroup; S-IV_forth subgroup; S-
V_fifth subgroup; t_tonne; T-E_all inputs; UL_higher limit; W_Shapiro-Wilk’s statistical test; Z_hypothesis test; %_percentage; *_
more or less; T>_estimation of variability among studies.

Introduction

Population growth, in line with the improvement of the for irrigated fields, has been estimated at approximately at
standard of living, observed on arid and semiarid regions, 1000 km?3 year?, so that groundwater accounts for 43% of
implies a greater demand for food to supply this population the water resource in agriculture (Tweed et al., 2018). It is
as well as the expansion of agricultural lands. Currently, it is observed that the demand of using irrigation techniques,
estimated that 15% of the Earth's population (841 million with inappropriate water management, can cause soil
people) live in arid and semiarid regions (Qader et al., 2018). salinization as well the consequent reduction of crops
Among the anthropic actions to guarantee food security, productivity (Hannachi and Labeke, 2018).

water catchment, intended to be used in irrigation systems, The above background shows the need to develop strategies
deserves attention. Since the beginning of this decade, for the efficient use of water resources in the semi-arid,
worldwide groundwater catchment to supply water demand among which is the cultivation of MAC plants as an
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alternative to this region. Forage palm, genus Opuntia and
Nopalea, presents this kind of physiological metabolism that
is characterized by its expressive tolerance to water deficit
and water use efficiency. This specie is grown worldwide
mainly to be used as forage, biofuel, medicines, human food,
and water treatment (Bayar et al., 2018; Volpe et al., 2018).
Forage palm stands out due to its physico-chemical
properties both for feeding the herds and for the human diet
mostly because it is an important source of minerals, fat,
carbohydrates, fibers, energy, fatty acids, high antioxidant
capacity. However, it has low protein content (Santiago et
al., 2018). For these reasons, scientific community has been
investigating this species. Nonetheless, research results on
the productivity of irrigated forage palm plants is variable in
time and space; thus, there is requirement to summarize
these results through meta-analysis.

With meta-analysis technique, it is possible to summarize
primary researches on irrigated forage palm and compare
them to non-irrigated ones. This technique consists of a
systematic literature review and summarization of primary
research to obtain the meta-analytical mean estimation of
each variable under study. However, the difficulty of
obtaining adequate data to carry out meta-analysis has
limited its use, particularly because the combined estimates
depend on the availability of data, which is not always
adequately presented in researches included in the database
(Manca et al., 2018).

Based on the above, the objective of this study was to
estimate the productivity gain of irrigated and fertilized
forage palm plants compared to non-irrigated ones by
systematic review and meta-analysis.

Result and Discussion
Selected references for meta-analysis

From inclusion of the search strings in each data base (DB),
2,583 references were found, by which 1,204 were from
Scholar Google references (DB1), 9 from Scopus (DB2), 8
from Science Direct (DB3), 772 from Spring Link (DB4), 450
from Wiley Online Library (DB5), and 140 from CAPES Thesis
and Dissertation Catalog (DB6). The total of references was
submitted to initial analysis to verify the relevance to the
objective of the study with 2,558 references excluded, 25
references remained, which underwent systematic review.
Twenty references were excluded because they did not
achieve the inclusion criteria, remaining five references,
from which input data were extracted to accomplish the
meta-analytical measure estimate (Fig 1).

The results indicate that Scholar Google data base (DB,)
have a higher number of references related to search strings
both in English and in Portuguese, probably retrieving
references belonged to other databases (Ferraz et al., 2017).
These researchers report that for better search efficiency in
databases as used in this current research, it is suggested to
use English search strings. In historically consolidated
databases as DB,= Scopus, DBs;= Science Direct, DBs=
Springer Link, and DBs= Wiley Online Library, the indexing
process is accurate (Mugnaini and Strehl, 2008), which may
be compared with the lower number of references found in
these databases in relation to Scholar Google. This is
because Google Scholar includes several types of academic
material (Noruzi, 2005). It is also important to point out that
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Google Scholar does not cover all relevant content and; thus,
justifies the search for established bases (Giustini and
Barsky, 2005).

The criteria for references insertion into meta-analysis are
paramount to guarantee the irrefutable quality so that these
criteria should be described in detail (McDonagh et al.,
2013). However, well-designed criteria reduce the number
of data inputs for meta-analytic estimation (Meline, 2006;
Cogo et al., 2017). From 2,583 references, just five of them
fulfilled the criteria, assuring the quality of the meta-analysis
regarding the relevance of the studies to prove the
hypothesis tested.

Subgroups and data normality

Five subgroups (S) were established which were originated
from irrigated and non-irrigated forage palm production
data inputs. The first subgroup (S-1) was made up by inputs
28, 29, 30, and 31 from Silva (2017) who studied the
increasing levels of ETo replacement (50, 75, 100, and 125%)
plus soil fertilized with 600 kg ha? of nitrogen (N). The
second (S-11) was composed by inputs 17, 18, 19, 20, and 21
from Silva (2017) who used irrigation (25, 50, 75, 100, and
125% from ETo) plus fertilization with 150 kg ha! of N. The
third (S-111) was made up by inputs 8, 9, 10, 11, 12, 13, 22, 23,
24, 25, and 26 from Sousa (2015). Inputs 8 9, and 10 from
irrigation levels (5, 10, and 15 mm) plus soil fertilized with
chicken manure, and inputs 11, 12, and 13 from irrigation (5,
10, and 15 mm) plus fertilization with sheep manure, while
inputs 22, 23, 24, 25, and 26 were obtained from Silva (2017)
who used irrigation (25, 50, 75, 100, and 125% from ETo)
plus fertilization with 450 kg ha! de N. The forth (S-1V) was
made up by inputs 5, 6, 14, 15, and 16, which 5 and 6 were
obtained from Dantas (2015) who studied 7.5 and 15 mm
irrigation levels, whereas 14, 15, and 16 from Morais (2016),
and the fifth (S-V) made up by inputs 1, 2, 3, 4, 7, and 27.
Inputs 1, 2, 3, and 4 obtained from Dantas (2015) who
studied irrigation levels 8.75, 17.50, 26.35, and 35 mm, input
7 from Dantas (2015) under irrigation with 30 mm, and 27
from Silva (2017) under irrigation with 25% from ETo plus
fertilization with 600 kg ha* de N (Fig 2).

Data obtained from different experiments underwent
variations due to the edaphoclimatic characteristics of each
crop and management systems associated with irrigation. To
control this effect of difference among studies, Tupich et al.
(2017) created subgroups based on occurrence and severity
levels of white-mold on soybean plants. Use of cluster
analysis was chosen in the present research (Mishra and
DATTA-Gupta, 2018), mainly due to the fact that the sources
of variation of each experiment, used in meta-analysis,
allows to group similar data within each distinct group (Dash
and Mishra, 2018).

Based on Kolmogorov-Smirnov’s test, for data normality
analysis (K-S), D statistic 0.23 (P> 0.05) was obtained for all
irrigated forage palm plants data inputs (T-E) and D 0.21
(P>0.05) for all non-irrigated forage palm plants inputs.
However, there is a strong evidence that data from the two
forage palm populations follow a normal distribution which
comply with assumptions of using meta-analytical
estimation. Nevertheless, these data do not follow normal
distribution by Shapiro-Wilk’s test (S-W) which justify
setting-up subgroups of effect moderator. All subgroups
data follow a normal distribution by K-S test, while non-



irrigated palm plants are not normally distributed by the S-W
test in the third (S-1Il) and in the fifth (S-V) subgroups (Table
1).

In meta-analysis, data normality is important for assuring the
quality of estimation effect. So that, non-normally
distributed data could be analyzed by meta-analytical
random effects models (Sun et al., 2018). Although current
research data are normally distributed by K-S test, Torman
et al. (2012) reported that the performance of this test,
when compared to other important ones also, is low and
those authors endorse S-W test use. When this
recommendation was followed, it was verified that non-
irrigated palm plants do not have a normal distribution data,
which is due to the high heterogeneity in the set of all inputs
(T-E) and the low number of combined studies (K) on
subgroups (Torman et al., 2012; Bujkiewicz et al., 2015; Snell
etal., 2017).

It is important to point out that the assumption of normality
is accepted in cases which the sources of variation are
different from those under study and they influence the
distribution of the data and are known by the researcher.
Indeed, Lee and Thomson (2008) studied the flexible
parametric meta-analysis models for random effects and
they emphasized that it is important to allow distortion,
especially when the predictive distribution is of interest,
mainly when the suppositions of normality between them
do not hold.

Meta-analytical estimation

From the literature review, it was observed that irrigated
forage palm plant experiments were carried out at different
locations as well as it was adopted different management
systems, which gave heterogeneity to data, suggesting the
necessity of using the random effects model. In fact, it was
observed high heterogeneity (P < 0.001) given by the
statistic > (3258.49) that measures the variation among
studies and was ratified by the high 12 (78.10) and by the H2
corresponding to 2.14 (Table 2).

At meta-analysis, data normality is important to ensure the
estimated effect quality. So, the data that have not normally
been distributed may be analyzed by meta-analytic random
effects models (Sun et al.,, 2018). Although the current
research data are normally distributed by K-S test, Torman
et al. (2012) reported that the performance of this test is low
in relation to also established one. These authors
recommend S-W test use. With this recommendation, we
observed that non-irrigated forage palm plants do not have
normal distribution, which is due to the high heterogeneity
in the set of all inputs (T-E) and the low number of combined
studies (K) in the subgroups (Torman et al., 2012; Bujkiewicz
et al., 2015; Snell et al., 2017).

The origin of meta-analysis heterogeneity may be clinical,
methodological and statistical. Clinical heterogeneity is
characteristic to meta-analysis and occurs due to the
variability among participants. Methodological
heterogeneity refers to the variability among the study
designs, samples characteristics, treatments variations,
variations in the quality of the project. However, the
statistical heterogeneity is due to the variability in the effect
measures among different studies and derives from clinical
variabilities or from both (Higgins and Green, 2008;
Macaskill et al., 2010; Bowden et al., 2011).
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On the basis of the above information, it could be seen that
meta-analysis heterogeneity, from all inputs (T-E) and
subgroups are due to the natural random variability among
forage palm plants from original experiments. Moreover,
other factors such as variability among the divergent grown
conditions of experiments, interaction between both
variabilities and the high variability among the different
measures between irrigated forage palm plants and non-
irrigated forage palm plants from each data input introduced
in the meta-analysis can be involved.

From the individual data analysis belonged to each
subgroup, the meta-analytic estimation of productivity gain
(MD) of the first sub-group (S-1) was 416.85 t hal year, with
a lower limit (LL) of 261.47 t hal year -1, and higher than
572.22 t hal year 1. All data inputs (Ezs, Ez, E3o, and Esi)
belonged to this subgroup confirmed a significant (P < 0.01)
increase in productivity (D £ L> 0 t ha'l) (Fig 3).

As seen in the first subgroup, the high estimate of
productivity was increased due to the irrigation with a
gradual rise of the ETo replacement levels on forage palm
plants ‘Mexican Elephant Ear’ plus 600 kg hal of nitrogen
(Silva, 2017). This researcher reported that the productivity
will increase because of water reposition. It is linked to the
synergistic effect of water availability and high nitrogen
content applied through fertigation in the soil.

At the second subgroup, we did not find evidence (P > 0.05)
that irrigation increase or decrease productivity (D+L =0t
ha?), with the meta-analytic mean of -12.49 t ha. This
result suggests that in this data grouping forage palm plants
productivity can be reduced by 75.90 t ha?l at the worst
scenario, whereas it may increase up to 50.91 t ha? at the
best scenario (Fig 4).

The establishment of the second subgroup was occurred due
to the nitrogen amount applied to the soil by Silva (2017) in
irrigated forage palm pants. At this subgroup, inputs come
from plants fertilized with 150 kg ha of N. For nitrogen
value, they found a significant linear reduction according to
the variable levels of ETo replacement: 25, 50, 75, 100, and
125%. The author reports that the productivity reduction,
with this fertilizer management, occurs due to the absence
of rainfall, as well as the possible effect of the salts
contained in irrigation water.

The low rainfall rates lead to soil salinity problems in arid
and semiarid regions, which may limit establishment growth,
and survival of forage palm plants. Decreases observed in
this research are explained by the scarcity of rainfall and
irrigation with saline water due to the reduction in
chlorophyll content, quantum efficiency, and PSIl
photochemical yield, besides the chloroplasts accumulation
at the center of the cells and physical damage to cell
membranes caused by the effect of salts (Arias-Moreno et
al., 2017).

At the third subgroup S-Ill), there was an average
productivity gain of 36.25 t ha?, varying 95% at the
confidence interval, with a lower limit of 0.23 t hal and
upper limit of 72.27 t ha™. Individually, all data input shows
the same productivity between irrigated and non-irrigated
palm plants, although each input average indicates an
increase (Fig 5).

The productivity gain observed in the third subgroup reflects
the effect of irrigation levels associated with the
management of fertilization with chicken litter, sheep



Table 1. Shapiro-Wilk’s (S-W) and Kolmogorov-Smirnov’s (K-S) normality test for irrigated forage palm plants and
non-irrigated forage palm plants. Campina Grande, PB, 2018.

Irrigated Forage Palm plants Non- Irrigated Forage Palm plants
Subgrups S-W K-S S-W K-S

W P D P W P D P
T-E 0.84 3E-4 0.23 0.07 0.89 5E-3 0.21 0.11
S-l 0.99 0.97 0.15 0.99 1.00 1.00 0.50 0.19
S-ll 0.98 0.96 0.14 0.99 1.00 1.00 0.50 0.11
S-l 0.95 0.63 0.16 0.89 0.72 9E-4 0.30 0.23
S-Iv 0.94 0.83 0.19 0.98 0.81 0.10 0.35 0.48
S-v 0.90 0.40 0.26 0.75 0.69 4E-3 0.38 0.27

W: Shapiro-Wilk’s statistical test, D: Kolmogorov-Smirnov’s statistical test, P: statistical significance probability, T-E: all inputs, S-I: first subgroup, S-II: second subgroup, S-
111: third subgroup, S-1V: forth subgroup, and S-V: fifth subgroup.

Table 1. Summary of the heterogeneity tests and the general effects of the meta-analyzes of all data inputs from
experiments and subgroup data. Campina Grande, PB, 2018.

Subgroups Heterogenity General Effect
© 12 (%) H2 p K MD Z P

T-E 3258.49 78.10 2.14 0.0001 31 53.54 3.93 0.0001
S-1 18157.66 73.70 1.95 0.0098 4 416.85 5.26 0.0001
S-ll 0.00 0.00 1.00 0.9900 5 -12.49 0.39 0.6993
S-l 0.00 0.00 1.00 0.9900 11 36.25 1.97 0.0486
S-IvV 363.38 65.20 1.70 0.0215 5 13.38 1.24 0.2143
S-V 3717.07 78.30 2.15 0.0003 6 36.89 1.31 0.1917

% estimation of variability among studies, I2: heterogeneity percentage variance among studies, H%: relationship between the size of the confidence interval and the
estimate of the measure of effect, P: probability of the significance of the tests, K: number of combined studies, MD: average of differences, Z: hypothesis test, T-E: all
inputs, S-I: first subgroup, S-11: second subgroup, S-I1I: third subgroup, S-1V: forth subgroup, and S-V: fifth subgroup.
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Fig 1. Flow Diagram of Reference Selection Process for systematic review and meta-analysis data collection. Campina Grande, PB.
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Fig 2. Dendrogram of cluster analysis of data inputs and subgroup establishment with homogeneity within subgroups and
heterogeneity among subgroups. Campina Grande, PB, 2017.
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Fig 1. Forest plot of irrigated forage palm plants productivity distribution differences compared to the non-irrigated forage palm
plants from the first subgroup. LL: lower limit, UL: higher limit, D: difference of productivity, AD: average of the differences, (®): size

of effect and (®): meta-analytical estimation. Campina Grande, PB, 2017.
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size of effect and (®): meta-analytical estimation. Campina Grande, PB, 2017.
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Fig 5. Forest plot of irrigated forage palm plants productivity distribution differences compared to the non-irrigated forage palm
plants from the third subgroup. LL: lower limit, UL: higher limit, D: difference of productivity, AD: average of the differences, (®):
size of effect and (®): meta-analytical estimation. Campina Grande, PB, 2017.
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of effect and (®): meta-analytical estimation. Campina Grande, PB, 2017.
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Fig 8. Probability of occurrence (A) and non-occurrence (B) of forage palm plants increasing productivity under irrigation levels.
Campina Grande, PB, 2017.
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manure, and mineral nitrogen. However, for 8, 9, 10, 11, 12,
and 13 inputs, Sousa (2015) did not find a significant
interaction between irrigation and fertilization, which could
be related to expressive random data variability and low
predictive capacity of the adjustment means models due to
irrigation (R? = 0.06) water levels under chicken litter and
when irrigated forage palm plants were fertilized with cattle
manure (R2=0.02).

Productivity growth, observed for 22, 23, 24, 25, and 26 data
inputs, confirms the meta-analytic estimate of the
productivity gain by irrigation, mainly because Silva (2017)
has confirmed the hypothesis that irrigation increases
productivity of forage palm plants plus fertilization with 450
kg hal of N. This author reports that water availability
increased cellular turgidity. This information is supported by
Barros et al. (2016) who cited that the physiological
processes are altered with positive productivity gain. Indeed,
semiarid dry condition favors the accumulation of
compatible osmolytes to the water deficit tolerance. So that,
under irrigation, these high concentration solutes promotes
the increase in water intake as well as in the cellular turgor
pressure (Taiz et al., 2017).

At the fourth subgroup (S-1V), there was no productivity gain
or loss (D £ L =0t ha?), compared to irrigated forage palm
plants with non-irrigated ones, although a mean meta-
analytic of 13.38 t ha! year? was obtained, however, there
is the possibility of occurring a decrease of 7.73 t ha! at non-
irrigated forage palm plants and an increase of 34.49 t ha't
atirrigated forage palm plants (Fig 6).

There is difference between irrigated forage palm plants and
non-irrigated. However, Dantas (2015), extracted 5 and 6
inputs and observed a significant productivity increase in
response to irrigation. They also reported that the causes of
low yields of forage palm in unfavorable climate regions may
be attributed to several factors such as low CO; uptake, high
night transpiration, root death during dry period, and severe
wilt of the cladodes, even though the few rainfalls that
occurred during the current experiment period have
guaranteed the non-irrigated plants survival and
productivity.

In this subgroup, the absence of a significant difference
between irrigated and non-irrigated forage palm plants
productivity is attributed to the environmental facts. Morais
(2016) at Pernambuco state semiarid, reported that the
warm nights and the low values of air relative humidity
induce the loss of water by cladodes and that may make it
impossible to use forage palm plants as a fodder reserve
during the dry season (Lima et al., 2010). In addition, Dantas
et al. (2015) observed that 30 mm irrigation per month
promoted loss of plants caused by soft rot, probably, due to
water excess.

At the fifth subgroup (S-V), the meta-analytic measure of
36.69 t ha! was achieved, with a lower limit of -18.49 t ha!
and higher than 92.29 t hal, no difference (P> 0.05) was
observed between irrigated and non-irrigated forage palm
plants, despite significant productivity gains in 7 and 27 data
inputs (Fig 7).

No significant difference was observed between irrigated
and non-irrigated forage palm plants in the fifth subgroup
(inputs 1, 2 3, and 4). It may be attributed to meteorological
conditions where this research was carried (Queiroz et al.,
2015). They reported that the water levels introduced into
the system (the sum of rainfall and irrigation) for 0, 8.75,
17.5, 26.35, and 35% of reference evapotranspiration
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treatments, corresponded to 976, 1048, 1096, 1152, and
1202 mm, with 226 mm difference between the lower and
the higher water level applied; thus, water levels did not
influence the productivity.

It should be emphasized that excess of water levels may
prevent forage palm plant growth and development (Flores-
Hernandez et al., 2004; Bajgain et al., 2015), mainly because
it is a cactus specie, which requires a low water volume; thus
induces greater maintenance of soil moisture (Silva et al.,
2014). In fact, productivity gains, in response to the forage
palm plants and increasing water levels, are more evident in
regions with rainfall levels below from this crop demand,
compared to regions which precipitation values are greater
than 740 mm (Queiroz et al., 2015).

Probability of increased production

For increased productivity levels, we observed that 60 t ha!
increase took place in irrigated crop compared to non-
irrigated one (96% of probability), while for 80, 100, 120,
140, 160, 180, 200, and 220 t ha?l increment levels,
probability was decreased linearly and reached out to 84,
73, 61, 49, 38, 26, 14, and 3% (Fig 8A). Probability of no
increase in productivity rises linearly, with following values
4,15, 27, 39, 51, 62, 74, 86, and 97%, respectively.

Tupich et al. (2017) used meta-analytical estimate and the
dispersion values of the studies, supposing that the set had a
normal distribution. They estimated the probability of gain
in productivity using fluazinam fungicide to control soybean
white mold. They observed that higher expected
productivity lowered the probability of this increment,
corroborating with the current study. Paul et al. (2010)
studied the influence of treatments with fungicides on
wheat and found that, when the response in estimated
productivity rises, the probability of occurrence decreases to
an equilibrium point, where there is no longer benefit.

It is important to emphasize that to the best of our
knowledge there is no previous meta-analytical studies in
literature, which compares irrigated with non-irrigated
forage palm plants. Therefore, the current study is an
important support for decision-making on the use of
irrigation to increase productivity of forage palm plants,
especially in semi-arid regions, where rainfall does not
supply adequately water demand of this specie.

Materials and Methods
Plant materials

Opuntia ficus-indica (L.) Mill. is originally from Mexico and
Africa. Its advantages lie in the resistance to carmine
cochineal and the lower requirement for soil fertility
(Cavalcanti et al., 2008; Vasconcelos et al., 2009). The
Nopalea cochenillifera (L.) Salm-Dyck has vertical growth,
good productivity, is palatable to animals, rich in
carbohydrates and low resistance to drought when
compared to the giant palm, resistant to carmine cochineal
(Silva, 2017).

Search for bibliographic references and systematic review
The research is classified as quantitative due to the survey

and processing of empirical data obtained from primary
research (Gerhardt and Silveira, 2009). In relation to its



nature, this research is applied since it aims to generate
knowledge for practical application in relation to the
productivity gain of irrigated forage palm plant. In relation to
the objectives, this research is classified as explanatory (Gil,
2010). About the procedure, this is a bibliographical research
complemented by systematic review and meta-analysis
(Littell et al., 2008).

The methodology described by Tupich et al. (2017) was used
in this study. A systematic search was carried out between
October 23 and 27, 2017, without any restriction of date and
location and use of filters. Research was accomplished in the
following databases: DB;= Google Scholar, DB,= Scopus,
DB;= Science Direct, DBs= Springer Link, DBs= Wiley Online
Library, and DBg= CAPES Thesis and Dissertation Catolog. The
following search strings were used: SS;= “Opuntia” AND
“irrigation depth”, SS,= “Opuntia” AND “irrigation depths”,
SSs3= “Opuntia” AND “irrigation levels”, SS;= “Opuntia” AND
“irrigation levels”, SSs= “Nopalea” AND “irrigation depth”,
SSe= “Nopalea” AND “irrigation depths”, SS;= “Nopalea”
AND “irrigation levels”, SSg= “Nopalea” AND “irrigation
levels”.

The criteria for inclusion of frequency, hydric regime, ideal
irrigation level, and evapotranspiration studies were: (l)
Irrigation levels data applied to forage palm plants and their
response to production or productivity; (ll) Applied water
levels data, and (Ill) experiments that showed measures of
variability and data dispersion, as well as the number of
repetitions. Bibliographic references flow was carried out as
described by Lima et al. (2017) through Mendeley software.
Data from selected experiments were submitted to
normality analysis by Shapiro-Wilk (Shapiro and Wilk, 1965)
and Kolmogorov-Smirnov tests (Kolmogorov, 1933; Smirnov,
1948).

Measures of tendency and dispersion

The measure of studies effect (D) was obtained from the
difference between the productivity from irrigated (Pl)
forage palm plants and the productivity from non-irrigated
(PS), according to the model described by Tupich et al.
(2017): D=(PI-PS).

Data variability, inserted into meta-analysis, was estimated
by the standard error as describe by Tupich et al. (2017).
Therefore, the standard deviation (o) was calculated from
coefficient of variation (CV), presented in each study, using
irrigated crops average productivity (PI) and non-irrigated
crops average vyield (PS) through the model:
o=((P1+PS)/2*CV)/100. For each data input, the number of
experiment repetitions (n) was obtained to estimate its
respective standard error (S), proposed by the model: S=0/
vn.

Creation and analysis of subgroups

Data obtained from all studies were submitted to
multivariate cluster exploratory analysis (Cluster Analysis) by
hierarchical method (Ward’s minimum variance) in order to
create subgroups so that, the observations of interest,
within each subgroup, are homogeneous and the subgroups
are different from each other (Mishra and Datta-Gupta,
2018). The analysis was carried out by Statistica v. 7.0
sofware (STATSOFT, 2004).
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Meta-analysis

For the complete data obtained from literature survey and
for all sub-groups formed, variability estimation between
studies (t?) was assessed by the method described by
DerSimonian and Laird (1986). The weighting calculation of
each study was carried out by the inverse variance method.
Because of high data heterogeneity, we used the random
effects model (Santos and Cunha, 2013). Meta-analyses
were calculated by software R with the meta-analytic
procedure package "metafor" (Viechtbauer, 2010; R Core
Team, 2017).

To use the random effects model from normality test we
observed that the set of studies have a normal distribution,
with the average effect (i) and the variance of the effect (t?)
represented by the notation 6; ~ N (y, t2) according to Tupich
et al. (2017). Thus, the model has used as effect sources the
variation within the study (within-study) among experiments
(between-study), as describe below:

Yj=p+§_j+e_j (1)

Yj is the effect observed in the study j, L common effect to
all studies or the summary measure or meta-analytical
measure, €j corresponds to the random error of study j, and
&j is the true effects variation. To obtain the overall estimate
and minimize variance, the weighted average was
calculated, in which the value assigned to each data entry
was given by the inverse of its variance, from the variance
within the study and among studies.

The heterogeneity of overall estimates was obtained from H2
and 12 indexes proposed by Higgins and Thompson (2002).
With regard to these indexes, Tupich et al. (2017) report that
the 12 provides the total percentage variance that occurs due
to heterogeneity among studies, while H2 makes a
relationship between the confidence interval and the
estimation of measurement effects. Those researchers
emphasize that H? bigger than 2 suggest that the variation
among studies has a substantial influence on the overall
effect.

Probability of increased production

Probability of increased production was established through
methodologies described by Paul et al. (2008) and Madden
and Paul (2011), with the following model:

p_(8 )=({_new>8)=1-¢((5-C)/o) (2)

Where; {new indicates treatment effect to be estimated, ¥
it is the answer from estimated productivity, o is the
variance square root among studies, { it is the meta-
analytical estimate, and ¢ is a function of the normal
distribution. Probabilities of positive productivity yield were
set at levels 60, 80, 100, 120, 140, 160, 180, 200, and 220 t
ha? year! increase for irrigated forage palm plants. Results
were multiplied by 100 and expressed as percentage (Tupich
etal., 2017).

Conclusion

The irrigated forage palm crops have increased the
productivity by 53.54 t hal, when compared to non-irrigated
plots, which could reach 80.25t ha! with highest water
levels in the restrictive environment and 26.83 t ha! under
the lowest water levels in the high rainfall environment.
There is the probability of a higher productivity when



fertilizer is introduced into the system associated with
irrigation.
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