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Meta-analysis of the application effects of a biostimulant based on
extracts of yeast and amino acids on off-season corn yield

Metanalise do efeito da aplicacdo de bioestimulante a base de
extratos de leveduras e aminoacidos na produtividade de milho
safrinha

André Luis da Silva'"; Marcelo Giovanetti Canteri?; Alexandre José da Silva’®;
Marina Faria Bracale*

Abstract

The tests were performed with a biostimulant (GAAP) containing yeast extract and amino acids. The
yield data of the off-season corn for meta-analysis were collected from 41 trials conducted in the states of
Parana, Sdo Paulo, Mato Grosso, Minas Gerais, and Goias during the 2013/2014 crop season. The tests
consisted of eight treatments, with four replicates per treatment, and were conducted on 3.6 % 6.0 m plots.
The treatments consisted of application of biostimulant at 2.0 L ha at different times and the control
(no biostimulant). The time of application corresponded to the growth stages, V8, VT, R1, (V8 + VT),
(V8 +RI1), (VT +R1),and (V8 + VT + R1). The influence of biostimulant application was quantified as
the difference in yield, expressed as kilogram per hectare (kg ha'), between treatments and the control
(effect measurements). Meta-analysis was used to study the effects of the treatments and to calculate
the probability of yield increase with product use. The meta-analysis was performed using the software
R. The random effects model was used for meta-analysis because of the high heterogeneity among
the studies. Next, the mixed effect model was applied to explain the high heterogeneity, considering
the following subgroups: the number of applications, the timing of applications, the presence of water
stress, and the region where the tests were conducted. The probability of yield increase was calculated
at the levels of 2, 5, and 10 bags, each of 60 kg ha™'. The meta-analysis results for the variable “General”
and the subgroups were significantly positive (p < 0.0001), with a meta-analytic estimate of 342.1 kg
ha'! and the confidence interval for 95% probability ranging between 301.2 kg ha™' and 383.0 kg ha'.
The probability for yield greater than zero or equal to 2, 5, and 10 bags of 60 kg ha™' in subgroup “three
applications” was 91.7%, 85.4%, 71.0%, and 38.9%, respectively. These same values were estimated
at 91.7%, 85.4%, 71.0%, and 39.0% for the variable “applications in V8 + VT + R1”; 79.1%, 69.3%,
50.1%, and 21.1% for the variable “trials under stress condition”; and 84.2%, 75.1%, 57.7%, and 26.9%
for the variable “investments made in Southern Brazil,” respectively. The meta-analysis of the data
from 287 effect measurements generated in 41 trials demonstrated that foliar application of GAAP
biostimulant increases corn yield by 342.1 kg ha' with 83.7% probability of positive response.
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Resumo

Os testes foram realizados com um bioestimulante (AAAP) o qual contém em sua composi¢do extratos
de leveduras e aminoacidos. Os dados de produtividade de milho safrinha para metanalise foram
coletados de 41 ensaios, nos estados do Parana, Sdo Paulo, Mato Grosso, Minas Gerais € Goias no ano
agricola de 2013/2014. Os ensaios constituiam-se de 8 tratamentos com quatro repeticdes, com parcelas
de tamanho de 3,6 x 6,0 m. Os tratamentos testados eram compostos pela testemunha (sem aplicagdo
de bioestimulante) ¢ os demais tratamentos foram formados pela variagdo na época de aplicagdo do
bioestimulante na dose de 2,0 L ha™!. As épocas corresponderam aos estadios fenologicos V8, VT, R1,
(V8+VT), (V8+R1), (VT+R1) e (V8+VT+R1). Avaliou-se a produtividade em kg ha' e com base nas
diferengas entre tratamentos ¢ testemunha (medidas de efeito), quantificou-se a influéncia da aplicagdo
do bioestimulante. A metanalise foi utilizada para estudar os efeitos dos tratamentos e para o calculo
da probabilidade de incremento em produtividade com o uso do produto. A metanalise foi realizada
usando-se o software R. O modelo de efeitos aleatorios foi utilizado para metanalise pois constatou-
se alta heterogeneidade entre os estudos. Posteriormente aplicou-se o modelo de efeito misto, afim de
explicar a alta heterogeneidade, onde, definiram-se as variaveis moderadoras em fungdo do nimero
de aplicagdes, época das aplicagdes, ocorréncia de stress hidrico e regido onde foram conduzidos os
ensaios. Em posse da estimativa metanalitica das variaveis moderadoras calculou-se a probabilidade de
incremento em produtividade nos niveis de 2, 5 ¢ 10 sacas de 60 kg ha™'. Os resultados da metanalise para
variavel “Geral” e as variaveis moderadoras foram significativamente positivos (p-valor <0,0001) com
estimativa metanalitica de 342,1 kg ha'! e intervalo de confian¢a 95% de probabilidade, entre 301,2 kg
ha' e 383,0 kg ha!. A variavel moderadora “3 aplicagdes” apresentou probabilidades de 91,7%, 85,4%,
71,0% e 38,9%, respectivamente para apresentar produtividade acima de zero e nos niveis de 2, 5 e 10
sacas 60 kg ha''. Estes mesmos valores foram 91,7%, 85,4%, 71,0% e 39,0% para a variavel “aplicagdes
realizadas em V8+VT+R1”, 79,1%, 69,3%, 50,1% e 21,1% para a variavel “ensaios realizados sob
condigdo de stress” e 84,2%, 75,1%, 57,7% e 26,9% para a variavel “aplicagdes realizadas na regido Sul
do Brasil”. Demonstrou-se através da metanalise que a aplicacdo foliar do bioestimulante incrementou
a produtividade do milho com 83,7% de probabilidade de resposta positiva, com dados de 287 medidas
de efeito geradas em 41 ensaios.

Palavras-chave: Aplicagdo foliar. Estimativa Metanalitica. Forest plot. Quantis.

Introduction

Brazil is the third largest producer of corn
worldwide, with a production of 85.45 million tons,
in an area of 15.8 million hectares, and an average
yield of 5401 kg ha! (CONAB, 2015).

Corn production in Brazil is characterized
by two sowing seasons. Summer sowing, or the
first harvest, is traditionally performed during the
rainy season, varying between the end of August
in the South Region and October/November in
the Southeast and Central-West regions (in the
Northeast, it occurs at the beginning of the year).
Off-season sowing is performed predominantly in
the Central-West Region and the states of Parana
and Sao Paulo using drought corn in February or
March, almost always following early soybean
crops (EMBRAPA, 2008).

New technologies, together with genetic
improvement and adequate management, are used
to increase corn yield. The use of biostimulants
stands out, because they are natural or synthetic
substances that can be applied to seeds, plants, and
soil, changing vital and structural plant processes
and increasing plant yield (AVILA et al., 2008).
Biostimulants have been used in different crops
to promote plant development. They are mixtures
of plant hormones with different biochemical
compounds, such as amino acids, vitamins, seaweed,
micronutrients, and ascorbic acid (VIEIRA, 2001).
These complexes promote plant hormone balance,
favoring the realization of plant’s genetic potential
and stimulating root development (ONO et al.,
1999). Biostimulants affect the degradation of
seed reserves and cell differentiation, division,
and elongation (CASTRO; VIEIRA, 2001). Over
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the last few years, the use of biostimulants has
increased as an agricultural technique to optimize
the yield of several crops. The hormones contained
in biostimulants are signaling molecules, naturally
present in plants in small concentrations, with
important effects on plant development (TAIZ;
ZEIGER, 2004).

Leaf cuticle is highly permeable to amino
acids. Foliar application of nutrients (minerals)
chelated to amino acids results in higher absorption
efficiency and speed than simple free cation
diffusion. Chelation removes the ionic charge of the
elements (nutrients), which are thus not subjected
to attraction or repulsion forces, in the leaf cuticle
(HSU, 1986). Plants can take up most essential
amino acids through leaves and/or roots. Foliar
uptake is the most utilized because the nutrient
can be applied together with other agrochemicals,
such as herbicides, insecticides, and especially
fungicides, and their association with amino
acids may increase their absorption rate by plants
(MALAVOLTA, 1980). Conflicting results have
been observed in the use of biostimulants due to the
absence of significant differences in yield in many
studies. Csinzinszky (1990) tested two bell pepper
cultivars and six biostimulants applied according to
the manufacturers’ recommendations. The author
observed no effect of the biostimulants on plant
yield or nutrient content-plant development was
similar to the control for one of the cultivars and
lower for the other cultivar.

Tweddell et al. (2000) applied a biostimulant to
corn plants subjected to different levels of nitrogen
fertilization and observed no significant differences
in grain yield, dry biomass, and leaf nutrient
concentrations. Vasconcelos (2006) reported that
biostimulant application did not increase plant dry
matter production, size, photochemical efficiency,
and protein and nutrient concentrations in corn and
soybean and the yield did not increase significantly.
Janegitz et al. (2008) analyzed the effects of four
biostimulants (Bioamino Extra®, Aminolom®, Pt4®,
and Radix®) on corn and sorghum plant emergence

and observed higher values for corn than for
sorghum, but the differences were not significant
between the treatments. Belanson (2008) tested
the effect of different biostimulants (hormone-,
micronutrient-, amino acid- and vitamin-based)
on wheat and confirmed their ability to promote
rooting. However, the author observed no increase
in plant size, average grain weight per spike, or grain
yield. Della Libera (2010) observed no differences
in corn yield with application of biostimulants in the
2009/2010 harvest.

Trials are usually analyzed separately, and even
if no statistically significant differences are observed
between treatments, tendency in yield increase with
biostimulant application is often observed. Meta-
analysis is a suitable tool for these cases, because
it allows the analysis of large data sets and the
detection of statistically significant effects even
when the observed differences are small.

Meta-analysis is applied to large data sets to
estimate the size, consistency, and homogeneity
of a given effect (ROSENBERG et al. 2004;
BORENSTEIN et al. 2009; RODRIGUES;
ZIEGELMANN, 2010; MADDEN; PAUL, 2011;
NGUGTI et al., 2011). The different studies included
in the meta-analysis can have different effects and
weights on its results (BORENSTEIN et al. 2009).

In Brazil, meta-analysis has been used in many
different agricultural studies (DALLA LANA et al.,
2015; CALVO et al., 2016; FANTIN et al., 2016).

Meta-analysis is a quantitative method, i.e., to
perform a meta-analysis, it is not enough to perform
a quantitative analysis of the results of previous
studies, but a new statistical analysis of the collected
data or results needs to be performed in order to
draw conclusions. Meta-analyses allow reaching
conclusions in the case of apparently conflicting
results (BOISSEL et al., 1989; BOISSEL, 1994;
D’AGOSTINO; WEINTRAUB, 1995). A meta-
analysis is a systematic statistical synthesis of prior
results on a given subject, with an emphasis on the
generation of quantitative conclusions. It therefore
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differs from the narrative reviews used in theses
and dissertations. It allows us to reach statistically
significant conclusions for variables for which no
statistically significant effects are observed under
traditional experimentation in isolated trials.

Although the application of biostimulants was
confirmed to have positive effect on plants, the
effect of biostimulant foliar application on corn
yield is still debated. The aim of the present study
was to perform a meta-analysis of the effects of
biostimulant application on the off-season corn
yield in 41 trials.

Material and Methods

The data used for the analysis were obtained
from a network of trials of a biostimulant (GAAP)
containing yeast extract, amino acids (glutamic
acid, aspartic acid, alanine, and proline), 9% K O,
1% N, 1% Ca and 15% organic carbon, with the
commercial name Quantis®. Quantis is a trademark
of Syngenta Protecdo de Cultivos Ltd. in Brazil,
which authorized this study and supplied the data
about its performance. No previously published data
on this subject were used, but only data from trials
performed within the trial network. Data from a total
of 41 trials were used; these trials were conducted
in the states of Parana, Sdo Paulo, Mato Grosso,
Minas Gerais, and Goias, on the off-season corn
crops, during the 2013/2014 crop year. Each trial
consisted of eight treatments, with four replicates
per treatment. The plots were 3.6 m in width and 6
m in length, in a total area of 21.6 m?. A randomized
blocks experimental design was used.

The tested treatments consisted of different times
of application of the biostimulant and a control
without biostimulant application. The different
times of application corresponded to different
phenological stages, vegetative (V) and reproductive
(R): V8, VT, R1, V8+VT, V8+RI1, VT+RI, and
V8+VT+RI1. The biostimulant was applied in doses
of 2.0 Lha’'. The applications were performed using
a CO,-pressurized backpack sprayer with a 3.5 m

boom with six fan nozzles XRTJ11002 spaced 0.5 m
apart, delivering 200 L ha'', at a constant pressure of
30 1b pol?. Weed, pest, and disease management was
performed by herbicide, insecticide, and fungicide
application.

The yield was estimated by harvesting an area
of 7.2 m?*(1.80 m x 4.00 m) from each plot. The
data were corrected for 13% moisture and converted
to kilogram per hectare (kg ha™'). Treatment effects
were quantified by calculating the yield difference
between treated and non-treated plots according
to the method described by Paul et al. (2010) and
adapted from Arends et al. (2000; 2003).

Meta-analysis was initially performed by
estimating the effect measurements or yield response
(kg ha') as the difference between the treatment
group (with biostimulant application) and the control
group (without biostimulant application). The
size of the effect measurement indicates the effect
of biostimulant application on grain yield in corn
crops. Standard deviation for each trial (Equation 1)
and standard error for each treatment (Equation 2)
were calculated from the effect measurements. The
standard error was used as a dispersion or weight

measure in the meta-analysis.

o =(CV*3)/100 (1)

Standard deviation (o) was calculated as the
product of the coefficient of variation (cv) and
the overall average of yield differences between
treatment and control (¥), divided by 100.

Standard error (SE) was calculated by dividing
the standard deviation (o) by the square root of the
number of replicates (n) for each trial.

SE=0/\n )

Following data tabulation for the 41 trials, 287
effect measurements were calculated (41 trials
x 7 treatments). On the worksheet, the data were
grouped according to the number of applications (1,
2, or 3), the time of application (V8, VT, R1, V8+VT,
V8+R1, VT+R1, or V8+VT+R1), the presence of
water stress during the trial (with and without), and
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the region where the trial was conducted (South and
Cerrado region).

Using these data, a forest plot was generated
for yield in bags of 60 kg ha' (Figure 1) to analyze
the treatment effects and standard error. Using the

treatment effect, standard deviation, and standard
error, meta-analytic models were fitted using
the Metafor 1.9-8 package in the R software (R
DEVELOPMENT CORE TEAM, 2015).

Figure 1. Off-season corn yield differences between treatments with and without (control) foliar application of
biostimulant (bars), and respective standard deviations (lines), for the 287 effect measurements obtained for 41 trials

analyzed.
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using the random effect model is recommended
(BORENSTEIN et al., 2009; MADDEN; PAUL,
2011). In addition to the sampling error considered
in the fixed-effects model, the random-effect model
also takes into account variation between studies,
which is important to obtain a measure of dispersion
for each study such as standard deviation, variance,
or coefficient of variation (BORENSTEIN et al.
2009; FIELD; GILLETT, 2010; RODRIGUES;
ZIEGELMANN, 2010; MADDEN; PAUL, 2011;
NGUGI et al. 2011). Heterogeneity was calculated
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using the F? statistics (HIGGINS; THOMPSON,
2002; HIGGINS et al., 2003), which considers that
the heterogeneity of effect measurements between
studies is formed by two sources of variation,
true heterogeneity and random sampling error
(RODRIGUES; ZIEGELMAN, 2010).

After estimating the global effect measurement,
fixed-effect explanatory variables were introduced
to the random-effect model, generating a mixed-
effects model. The explanatory variables were
defined based on trial characteristics that could
explain the variation between them. Four moderator
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variables and respective groups were defined: 1)
Number of biostimulant applications (1, 2, or 3); 2)
Time of application (V8, VT, R1, V8+VT, V8+RI,
VT+R1 or V8+VT+R1); 3) Presence of water stress
during the trial (with or without); and 4) Region in
which the trial was performed (South and Cerrado
regions). A mixed-effects model was applied to
each explanatory variable to evaluate the effect size
of each variable on the overall effect measurement,
generating four models in addition to the null model
(without variables).

After defining the meta-analysis models, we
calculated the probability of yield increase, which
evaluates the probability of a given treatment
to increase the yield to a given level. This was
performed using Equation 3 (PAUL et al., 2010;
MADDEN; PAUL, 2011):

=Pt <8 =0ls-5y1s) .0

.P 3 I‘:irk"'l-i'
where (= is the treatment effect, @ is the
cumulative distribution function of the standard

normal distribution, and G is the estimated standard

deviation among the studies. In the above example,
C,.,, 18 less than 8 = 0 (equivalent to the probability
that the treatment has no effect).

Results and Discussion

The meta-analysis null model for the effect of
biostimulant application on off-season corn yield
estimated an average yield increase of 342.1 kg
ha',
ranging from 301.2 to 383.0 kg ha' and statistical

with 95% confidence interval (Figure 2)

significance at p < 0.01. Heterogeneity was high
(Q: p < 0.0001; I*: >75%), indicating variances
between the trials. These variances may originate
from variables not analyzed in the present study,
but may be partly explained by the moderator
variables considered in the present study: number
of applications (1, 2, or 3), time of application (VS§,
VT, R1, V8+VT, V8+R1, VT+RI, or V§+VT+R1),
water stress (with and without), and region where
the trial was performed (South and Cerrado regions)
(Table 1).

Figure 2. Meta-analysis of the null model (overall) estimated effect measurement, and respective number of cases
analyzed (k), for the 287 effect measurements obtained for 41 trials analyzed, with 95% confidence interval.

Null Model (Overall — k=28T)

300 320

340 360 380

kg ha-1
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Table 1. Statistics for the meta-analysis using a random effect (overall) and mixed-effects model (moderator variables).

Model °K 2 IME’ p Low ‘Up Tau
lim*  lim.*
Overall (null) 287  99.75 342.1  <0.0001 301.2 383.0 3529
" Moderator variables Group
1 1 123 2447  <0.0001 180.8 308.6
Nun.nbe.r of 99.76% 360.9
Applications
2 123 387.1  <0.0001 323.2 451.1
3 41 499.1 <0.0001 388.4 609.8
A% 41 189.9  <0.0001 79.8 299.9
VT 41 228.2  <0.0001 118.2 338.3
ot K0 s 60 U0 0 mel g,
V8+R1 41 380.5  <0.0001 270.5 490.6
VT+R1 41 356.2  <0.0001 246.1 466.3
V8+VT+R1 41 499.1  <0.0001 389.1 609.1
3Occuneszg(éessof water with 273 99 749, 346.0  <0.0001 305.6 386.4 3721
without 14 266.3 0.0775 29.4 562.0
“Region South 161 99.96% 372.1  <0.0001 314.7 429.5 3709
Cerrado 126 303.7  <0.0001 238.8 368.6

“Moderator variables: '"Number of applications: (1, 2, and 3); *Time of application (V8, VT, R1, V8+VT, V8+R1, VT+R1, and
V8+VT+R1);* Water stress (with and without),*Region where the trial was performed (South and Cerrado region); "Number of cases
analyzed (K); “Heterogeneity of the studied variables (/%); ‘Meta-analysis statistics, point estimate (kg ha™); °p-value (significance
level); fconfidence interval (kg ha''; upper and lower limits);. ¢ Variance between trials (Tau?).

All moderator variables were significantly
different from zero (p < 0.01), with 95% confidence
interval, with the exception of the group “without
stress” within the moderator variable “presence of
water stress” (p=0.077) (Table 1). The meta-analysis
results presented in Figure 3 show that the result
for the group “without stress” was not significant,
because the confidence interval crosses the zero
line. The meta-analytic estimates for group “without
stress” were lower than those for group “with stress.”
However, group “without stress” presented a higher
confidence interval, ranging from -29.4 to 562.0
and encompassing the confidence interval for group
“with stress” (305.6 to 386.4). This indicates that the
estimation precision was lower for group “without
stress” due to larger 95% confidence interval, which
can be explained by the small number of trials
included in this group (k = 14).

Corn is a C4 plant, highly dependent on leaf
architecture and expansion. It is able to maximize

the incidence active

radiation. When balanced, these factors enable

of  photosynthetically

high final grain yield in the absence of water stress
(BERGAMASCHI et al.,, 2006). Biostimulants
may change plant hormonal status and greatly
affect plant growth and health (ZANG; SCHMIDT,
2000). These products increase plant antioxidant
activity, especially under water stress, extreme
temperatures, and herbicide action, amongst other
factors. Treatment of plants under stress conditions
with biostimulants increases plant antioxidant
levels, resulting in more efficient defense systems
and better plant development (KARNOK, 2000).
Richardson et al. (2004) performed a greenhouse
experiment to study how a commercial biostimulant
would improve the health and resistance to water
stress of 3-year-old trees (Betula papyrifera) and
observed that plants treated with the biostimulant
presented higher leaf nitrogen concentrations and
lower water stress damages.
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Figure 3. Meta-analysis of effect measurements (kg ha'') estimated using the mixed-effects model and the moderator
variables: number of applications (1, 2, or 3), time of application (V8, VT, R1, V8+VT, V8+R1, VT+RI, and
V8+VT+R1), water stress (with or without), and region were the trials were performed (South and Cerrado region).
k: number of cases in each model or group from a total of 287 effect measurements obtained from 41 trials, with 95%
confidence interval.

- Cerrado Region (k=126) iy
Reglon South Region (k=161) —a—
Mo Stress (k=14) | + + -
Occurrence of water With Stress (k=273) R
VB+VT+R1 (k=41) ——
VT+R1 (k=41) ——
' P— VB+R1 (k=41) ——
Time of application VBVT (k=41) -
R1 (k=41) —e—
VT(k=41) ——
VB (k=41) T
e 0,08 Three Applications (k=41) ——i
Number of applications Two Applications (k=123) .
One Application (k=123) et
0 200 400 600
kg ha!

2300

Corn cultivation regions in tropical zone of
Brazil can be separated into South, below the 24th
parallel, and Cerrado. The meta-analytic estimates
were higher for South than for Cerrado region. The
average yield of the off-season corn is 5689 kg ha!
in Cerrado and 5632 kg ha'! in the South (CONAB,
2015). The meta-analytic estimates were 372.1 kg
ha' for the South and 303.7 kg ha' for Cerrado,
both being significant (p < 0.01). This difference
between the regions can be explained by the higher
number of studies analyzed for the South (k = 161)
as compared to that for the Cerrado region (k = 126).

Regarding the moderator variable “time of

application,” when single applications were
analyzed, the meta-analysis estimates were higher
for applications in R1. However, when double
applications were analyzed, the best meta-analytic
estimates were obtained for no applications in

R1, i.e., V8+VT. Silva (2009) and Ramos (2011)

studied fungicide application in corn crops and
observed higher yield for applications during V8
and VT, indicating that corn is physiologically more
sensitive to product application during these stages.

The moderator variable “number of applications”
presented the largest variations between the groups,
with yield response increasing with increasing
number of applications: 180.8 kg ha' for one
application, 323.2 kg ha'! for two applications, and
388.4 kg ha'! for three applications.

Figure 3 shows the results of the meta-analysis
of the data for the analyzed variable (Global) and
the respective moderator variable groups and the
number of cases in each group (k). The meta-analysis
result showed that foliar biostimulant (GAAP)
application had positive effects on corn yield (p <
0.0001). The highest average point estimates was
observed for three applications, during vegetative
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and reproductive stages (V8+VT+RI1), in trials
performed in the South, and under water stress
conditions, and they were positively prominent
among the remaining groups analyzed.

Using the meta-analysis results, the meta-analytic
estimates and the variability between studies, the
probability of the biostimulant application resulting
in yield increase higher than zero or at levels of
2, 5, and 10 bags each 60 kg ha'! was calculated
(Table 2) and estimated at 83.7%, 73.5%, 54.7%,
and 23.2%, respectively, for the overall analysis;
for the variable “number of applications™ it was
estimated at 75.1%, 63.5%, 43.9%, and 16.2% for
one application, 85.9%, 77.0%, 59.5%, and 27.7%
for two applications, and 91.7%, 85.3%, 70.9%,
and 38.9% for three applications, respectively; for

“time of application” it was estimated at 70.1%,
57.7%, 37.9%, and 12.6% for V8, 73.7%, 61.8%,
42.0%, and 15.0% for VT, 81.1%, 70.7%, 51.7%,
and 1.4% for R1, 88.1%, 80.2%, 63.5%, and 31.2%
for V8+VT, 85.5%, 76.6%, 58.8%, and 27.0%
for V8+R1, 83.9%, 74.4%, 56.2%, and 24.8% for
VT+R1, and 91.7%, 85.4%, 71.0%, and 38.9% for
V8+VT+RI1, respectively; for “presence of water
stress” it was estimated at 79.1%, 69.3%, 50.1%,
and 21.1% “with stress” and 76.2%, 65.2%, 46.3%,
and 18.4% “without stress,” respectively; and for
the variable “region where the trial was performed”
it was estimated at 84.2%, 75.1%, 57.7%, and 26.9%
for the South region and 79.3%, 68.9%, 50.3%, and
21.2%, for the Cerrado region, respectively.

Table 2. Probability of the positive yield increase, negative yield increase, and increase of 2, 5, and 10 (bags 60 kg
ha'!) resulting from foliar application of the biostimulant GAAP to corn crops. Data obtained from 41 trials. Overall
analysis of 287 effect measurements, and analysis of the moderator variable groups: one application, two applications,
three applications, application in V8, VT, R1, V8+VT, V8+R1, VT+R1, or V8+VT+R1, with or without water stress,

and trials conducted in the South or Cerrado region.

TREATMENTS POSITIVE 2BAGS (%) 5BAGS (%) 10 BAGS (%)

(%) >0 >2 >5 >10
Overall 83.7 73.5 54.7 23.2
One application 75.1 63.5 43.9 16.2
Two applications 85.9 77.0 59.5 27.7
Three applications 91.7 85.3 70.9 38.9
Applied in V8 70.1 57.7 37.9 12.6
Applied in VT 73.7 61.8 42.0 15.0
Applied in R1 81.1 70.7 51.7 21.4
Applied in V8+VT 88.1 80.2 63.5 31.2
Applied in V8+R1 85.5 76.6 58.8 27.0
Applied in VT+R1 83.9 74.4 56.2 24.8
Applied in V8+VT+R1 91.7 85.4 71.0 38.9
With stress 79.1 69.3 50.1 21.1
Without stress 76.2 65.2 46.3 18.4
South 84.2 75.1 57.7 26.9
Cerrado 79.3 68.9 50.3 21.2

Conclusion off-season corn, as indicated by a significant meta-

The meta-analysis revealed that application of
the biostimulant GAAP had a positive effect on the

analytic response (p < 0.0001) and a positive yield
increase of 83.7%.
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Regarding the tested moderator variables, three
applications of GAAP, during the phenological
stages V8+VT+R1, under water stress conditions,
in trials conducted in the South region of Brazil,
presented higher meta-analytic estimates and higher
probabilities of yield increase.

Biostimulant application increased corn crop
yield with an overall meta-analytic estimate between
301.2 kg ha'and 383 kg ha'l.
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