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Abstract

This study aims to analyze the production components and the water-use efficiency of corn cultivated with irrigation depths, and also
to verify the utilization of multivariate analysis is suitable to highlight the relevant information. Hybrid corn AG 7088 was used as
plant material. Two experiments were conducted under field conditions at two different experimental periods between the months of
April and December 2015 in a randomized block design with six irrigation depths [50, 75, 100 (control), 125, 150, and 175%
replacement of evapotranspiration - ET] and four replications. At 120 days after sowing, the following variables were evaluated:
mass of one thousand grains, number of spikes per plot, yield of dry grains, ear length, ear diameter, number of lines per ear, number
of grains per line, number of ears grain per spike, grain mass per spike, cob mass, spaghetti mass, and mass of straws. The results
showed that production components and water use efficiency of hybrid corn AG 7088 were not affected by the varying water depths
in the first experimental period. In the second period, the increase in water depth supported a gain in the mass of a thousand grains,
dry grain yield, grain number per row, grain number per ear, corn cob mass and mass of dehusked ear, reducing the efficiency of
water use. The use of multivariate analysis was able to reduce the multi-dimensional space of the set of variables in the three
Principal Components with relevant information to highlight differences between irrigation depths and experimental periods.

Keywords: Zea mays L., productivity, water management, principal components.

Abbreviations: PCA_principal component analysis; Rg_global radiation; PAR_photosynthetically active radiation; Rn_radiation
balance, and PP_rainfall, ET, _reference evapotranspiration; mH,O_meters of water column; DAS_days after sowing; MTG_mass of
a thousand grains; ENP_ear number per plot; DGY_dry grain yield; EAL_ear length; EAD_ear diameter; RNE_row number per ear;
GNR_grain number per row; GNE_grain number per ear; GME_grain mass per ear; CMA_corn cob mass; MDE_mass of dehusked
ear; STM_ear straw mass; EWUpy, _efficiency of water use for dry mass; WWUgy_efficiency of water use for grain yield; PC_
principal component; A_eigenvalues; cz_variance; CO, _carbon dioxide; NADP*_Nicotinamide adenine dinucleotide phosphate;
ROS_reactive oxygen species; ATO_Adenosine triphosphate; RuBP_ribulose-1,5-bisphosphate.

Introduction

Among the cultivated species, corn (Zea mays L.) portrays characterized by irregularities in the spatial and temporal
itself as a prominent crop on the world stage, notably because distribution of rainfall. Under these conditions, water deficit
of its multiplicity of use, from food and feed to the high-tech is one of the factors responsible for low crop yields in these
industry and its use in the production of biofuels. Corn is semiarid regions. This deserves emphasis in relation to the
highlighted as a crop of significant economic importance in development of promising strategies to mitigate its negative
the world’s agribusiness (Ribeiro et al., 2015). Corn is effect (Alderfasi et al., 2016; Wu et al., 2017).

cultivated in almost the entire Brazilian national territory, The choice of hybrids that adapt to soil and climatic
which is justified by its high production potential (Silva et al., conditions of cultivation is an important strategy for ensuring
2015; Li and Sun, 2016). In fact, the crop is very efficient in major crops. This information is based on the fact that the
the wuse of production factors, even in restrictive corn crop is characterized by its high water demand. It is also
environments, due to its well-adapted photosynthetic one of the most efficient crops in use of water (water use
apparatus. The culture belongs to the group of plants with efficiency). It has a high ratio of dry matter production by
photosynthetic metabolism type C4, which gives it a high unit of consumed water (Silva et al., 2012).

uptake capacity and carbon dioxide assimilation (Dantas The availability of water in ideal conditions promotes the
Junior et al., 2011). Silva et al. (2015) reported that the water maintenance of soil moisture at an optimal level for the crop,
availability in the Brazilian Northeast is a limiting factor for ensuring its growth and full development (Xavier et al.,
agricultural production due to its low rainfall. This region is 2014). In this context, appropriate irrigation has often been
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used to supply the water requirement for corn, with the aim
of providing a balanced use of water and highlighting
production systems involving the economic, environmental,
and social aspects. It enables the conservation of natural
resources, especially water resources (Silva et al., 2015).

In another aspect, identifying the differences between
populations or between samples is dependent on a number of
variables. For the explanation of complex phenomena, the
use of a single variable can lead to results with low relevance.
In fact, there are situations where the individual analysis of
variables do not show the differences between treatments,
while the multivariate global analysis makes the differences
clear, indicating the need to respect the interdependent
structure of variables. Thus, multivariate analysis must be
performed whenever possible (Hair et al., 2009). The
Principal Component Analysis (PCA) is effective method to
reducing the dimensions of relationships
(Ranamukhaarachchi et al., 2017; Yi et al., 2017).

The objectives of this study are to analyze the production
components and the efficiency of water use by corn, in
response to the application of irrigation depths, and also to
check whether the use of multivariate data analysis is
efficient to highlight the differences and reduce the original
dimensions of the data, with relevant information for this
study.

Results
Analysis of variance

Based on the results of the analysis of variance, we found that
there was no significant difference between irrigation depths
(p > 0.05) for the production components studied in the first
experiment (April 11, 2015 to August 11, 2015). On the other
hand, in the second experiment (25/08/2015 to 25/12/2015),
significant differences were found between the irrigation
depths applied (p < 0.05) for the variables of row number per
ear and grain number per ear. Although no significant
differences were found through the F-test in the second
experiment, there was a linear regression adjustment for the
means of the variables: Mass of a thousand grains, dry grain
yield, grain number per row, corn cob mass, mass of
dehusked ears, and quadratic adjustment for grain number per
ear (Table 1).

Production components

The largest accumulation of the mass of a thousand grains
(230.3 g), dry grain yield (7,563.4 kg ha™), and grain number
per row (33.6 units row™), were obtained within the irrigation
depth of 801 mm cycle™. Increments of 24%, 44%, and 12%,
respectively, were calculated for these variables in relation to
plants cultivated under a critical depth of 229 mm cycle™.
This water depth promoted the lower values of mass (175.4
g), yield (4,225.0 kg ha™), and grains per row (29.7 units row’
1), as illustrated in Fig. 1A, B, and C.

As the irrigation depths were increased, there was a 17.2%
increase in the grain number per ear, recording the most
impressive value (593 units ear™), with an estimated depth of
681 mm cycle™. This contrasts with the 490.9 grains ear™
evidenced in the lowest depth (229 mm cycle™) applied.
However, the increase of depths above 681 mm cycle™
promoted a reduction of 1% until the limit depth of the 801
mm cycle?, where grains were quantified at 585.8 ear™ (Fig.
1D).

The increase in water depths up to 801 mm cycle?
produced significant gains of 32% and 39% in corn cob mass
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and mass of the dehusked ear, being recorded at 28 g corn
cob and 188.2 g ear?, respectively, for these variables, and
these percentage gains were calculated using smaller cob
masses (18.5 g corn cob™) and dehusked ears (114.3 g ear™)
obtained from the lowest depth of 229 mm cycle® (Fig. 1E
and F).

Principal components

It was possible to reduce the multidimensional space of the
original set of variables into three Principal Components (PC)
with eigenvalues greater than the unity (A > 1.0), as
recommended by the Kaiser criteria, for choice of PCs.
Together, the chosen components explain 88.56% of the total
variance, where the first Principal Component (PC1)
withholds 61.3% of the total accumulated variance. The
second and third Components (PC2 and PC3) contribute with
15.2% and 12.1% of this variance, respectively. In PC1,
seven variables with expressive factor loadings (r) were
listed, while in PC2 and PC3 two variables stood out. In all
components, the association between the expressive variables
and the PC was classified as strong, according to the
classification of Dancey and Reidy (2013), where: r = |0.10|
to |0.30] (weak); r = |0.40| to |0.6| (moderate); r = |0.70| to
|1.00] (strong) (Table 2).

From the projection of the factorial scores of the first two
PCs in two dimensions, it was found that 61.34% of the
variance was due to the temporal variation represented by the
experimental periods (E). The scores of the first experiment
(first experimental period, E,), as well as the direction of the
variables occupied positions relatively on the left side of
PC1, whereas in the second experiment (second experimental
period, E;) they were located on the right. In PC2, 15.16% of
the variance was due to the separation between the irrigation
depths (L) in the upper and lower levels. The absence of a
hierarchical order between the irrigation depths in E; denotes
the nonexistence of a significant effect from them in this
period. Moreover, the fact that the larger depths (Ls and Lg)
have a position in the upper level shows a positive influence
of these on the set of variables projected on PC2 when
compared to L; (Fig. 2A and B).

In PC3, it can be observed that L; was higher than other
depths in E;, showing a straw mass with high discriminatory
power, while at E, the depths L, and Ls provided greater
straw mass at the expense of the ear number per plot. This
last variable shows better results at depths Lz, L4 and L,
emphasizing the inverse relationship between these two
variables of PC3 (Fig. 2C and D).

Water use efficiency

The increase of irrigation depths did not affect the water use
efficiency of corn plants in the first experimental period (first
experiment). Moreover, there was a significant reduction (p <
0.01) in EWUpy in the second period (second experiment),
demonstrating lower biomass allocation, according to each
unit of water absorbed during the cycle. It is noteworthy that
the EWUgy remained unchanged regardless of the
experimental period and irrigation depth (Table 3).

Discussion

The differences observed between the climatic conditions of
the first (E;) and second (E,) experiments are due to the
transition between the dry and rainy periods, which is a
peculiar characteristic of the experimental region. In fact, this
transition causes a remarkable change in the climate,



Table 1. Summary of variance analysis for the variables: Mass of a thousand grains (MTG), ear number per plot (ENP),
dry grain yield (DGY), ear length (EAL), ear diameter (EAD), row number per ear (RNE), grain number per row
(GNR), grain number per ear (GNE), grain mass per ear (GME), corncob mass (CMA), mass of dehusked ear (MDE)
and straw mass (STM) of corn under irrigation depths.

Medium squares

sV DF First Experiment

MTG ENP DGY EAL EAD RNE
Depths 5 106.13™  9440937.60™ 1255889.74™ 0.53"™ 10.02" 1.90™
LinearR. 1 192.37™  761216.00™ 627796.98™ 0.80" 8.79" 1.03"™
Quadratic R. 1 146.61" 22788539.83"  497412.03"™ 5E-6" 1.48™ 3.12"™
Blocks 3 21057™ 29599286.50™  1819841.37" 0.41" 12.64™ 1.98"
Error 15 20611  19759332.60 1402369.74 0.64 14.05 1.31
CV(%) 4.83 6.97 11.55 4.95 7.17 6.38

GNR GNE GME CMA MDE STM
Depths 5 4.03™ 3287.03™ 195.42™ 11.23™  455.23™ 20.13™
LinearR. 1 12.41"  949.75"™ 219.43"™ 35.50™  1331.65™ 54.44"
QuadraticR. 1 0.02" 2964.93" 52.86™ 7.81" 74.30™ 0.28"
Blocks 3 2.46" 4185.50™ 156.91" 4.77™ 284.70™ 23.46™
Error 15 320 1611.92 381.25 23.29 635.92 23.99
CV(%) 5.70 7.09 9.42 11.40 10.22 13.14

Second Experiment

MTG ENP DGY EAL EAD RNE
Depths 5 2018.70™ 276643036.44™ 6839977.07™ 2.13™ 7.74™ 0.37
Linear R. 1 8450.23" 311139045.99" 31172451.87 5.15" 15.48™ 0.04"
Quadratic R. 1 535.59™  1343875.19™ 303713.92™ 2.18" 17.64™ 0.45"
Blocks 3 415.10™  259378252.71"  300225.49" 0.92" 4431 0.97
Error 15  1064.81 99635741.17 2520608.79 1.92 14.39 0.13
CV(%) 16.08 17.14 26.93 9.02 8.79 2.02

GNR GNE GME CMA MDE STM
Depths 5 11.21™  5899.18™ 4577.32"™ 53.98"  5427.06™ 424.79™
Linear R. 1 41277 20153.68™ 11610.38™ 254.41°  15301.25" 42.04"
Quadratic R. 1 13.11"  6835.78" 3264.50"™ 0.02" 3278.94™ 78.98"
Blocks 3 15.08" 6102.68™ 2751.03" 4502"  3115.63™ 843.35™
Error 15 432 804.77 2677.55 39.01 3078.85 57752
CV(%) 6.57 5.11 40.42 26.89 36.68 80.59

** *and ns: significant at 1 and 5% and not significant by F test; SV: sources of variation; DF: degrees of freedom; R.: regression; and CV:

coefficient of variation.
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Fig 1. Production components: mass of a thousand grains (A), dry grain yield (B), grain number per row (C), grain number per ear
(D), corncob mass (E) and mass of dehusked corn ear (F) under irrigation depths, in second experiment (E, = experiment 2, from

25/08/2015 to 25/12/2015).
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Table 2. Eigenvalues greater than the unity, portion of the explained variance, and correlation coefficients between the
principal components and 12 variables.
PCs A % Variable loadings (r)

MTG ENP DGY EAL EAD RNE GNR GNE GME CMA MDE STM
PCl1 736 6134 -096 -056 -0.98" -0.83" -0.92° -046 -0.33 -057 -0.96 -0.96 -0.97" -0.42
PC2 182 15.16 024 -004 -013 036 -030 025 085 080" -011 -0.23 -0.12 -0.14
PC3 145 1206 003 -0.71" 008 -021 007 059 -0.08 012 -004 003 -0.05 072

PCs: principal components; A: eigenvalues; 62%: portion of explained variance; *: expressive correlation coefficient between the variable and the PC.
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Fig 2. Dimensional projection of irrigation (L), experimental periods (E) and of 12 variables in principal components 1 x 2 (A and B)
and 3x 1 (C and D). L,E;=19 mm, L,E;=28 mm, L3E;=38 mm, L,E;=47 mm, LsE;=56 mm, L¢E,;=66 mm, L;E,=229 mm, L,E,=343
mm, L3E,=458 mm, L,E,=572 mm, LsE,=687 mm, L¢E,=801 mm, E;= 11/04/2015 - 11/08/2015, E,= 25/08/2015 - 25/12/2015.

Table 3. Efficiency of water use (kg m™) by corn under irrigation depths.
First Experimental Period

Efficiency Irrigation depths (m® ha™) Regression adjustment
19 28 38 47 56 66 a Pxi R?
EWUpum 5.95 5.62 5.80 5.20 591 5.86 5.74 -5E-4™  1E-3
EWUgy 2.69 2.58 2.70 251 2.38 2.59 2,74 -3E-3™  0.32
Second Experimental Period
229 343 458 572 687 801 a Bxi R?
EWUpum 3.87 3.21 3.30 2.74 2.49 251 4.24 -2E-37  0.89
EWUgy 1.01 0.95 0.95 1.35 1.00 0.85 1.06 -5E-5" 5E-3

EWU: water use efficiency, DM: total dry matter of plants, GY: dry grain yield, o: population intercept, : population tilt, x;: independent variable,
R coefficient of determination, **: significant at 1% of probability (p < 0.01) and ns: not significant (p > 0.05) by t test.
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Table 4. Climate variables obtained during the periods of experiment execution.

Months Temperature (°C) Relative air humidity (%)  Radiation (MJ m?®) Rainfall Evaporation
Average High Low Average High Low Rg PAR Rn PP (mm) ET,(mm)
April 30.30 3652 2408 59.10 8755 30.65 2195 9.22 1256 4.60 5.80
May 28.87 3463 2311 6295 9052 3539 1858 7.80 10.63 25.80 493
June 26.13 3049 2177 7418 96.17 5220 1512 6.35 8.72 108.40 3.38
July 2520 2936 21.03 7660 9784 5535 16.11 6.77 9.22 92.20 3.28
August 26.16 3344 1889 6393 9657 3129 2180 9.15 12.47 0.00 5.20
September 27.38  34.18 2059 62.72 93.90 3153 2238 9.40 12.80 22.60 5.60
October 2856 3540 2173 5898 8861 2935 2393 10.05 13.69 10.00 6.19
November 30.50 38.08 2291 5282 8357 2207 2653 11.14 15.17 0.20 7.06
December 3048 3724 2373 5582 8540 2624 2456 10.32 14.06 18.00 6.61

Rg: global radiation, PAR: photosynthetically active radiation, Rn: radiation balance and PP: rainfall, ET,: evapotranspiration of reference.

Table 5. Physical and chemical attributes of the experimental area in the first experiments

Layers Attributes _

Sandy (%) Silt (%) Clay (%) Texture
0.00-0.30 m 60.58 26.50 12.92 FA!
0.30-0.60 m 52.65 42.61 4.74 FA!

FC (cm® cm™) PWP (cm® cm™) Density (g cm™) Porosity (%)
0.00-0.30m 22.61 6.43 1.39 48.13
0.30-0.60 m 26.47 6.45 1.41 47.78

pH KCI (1:2.5) OM (%) P (ppm) K (ppm)
0.00-0.30 m 6.54 1.07 31.00 76.00
0.30-0.60 m 5.95 0.93 13.00 43.00

1Sandy loam, PWP: permanent wilting point, FC: field capacity, OM: organic matter.

especially in tropical regions (Keller Filho et al., 2006). In
this sense, local agriculture is commonly practiced in the
rainy season. However, one way to cultivate in the dry season
is to use irrigation, and there is a need to study the water
depth appropriate to the crop (Carvalho et al., 2013). It is
believed that in the first experiment with emphasis on
rainfall, the combination of environmental factors have
provided optimal growth environment, overcoming the effect
of the treatments.

An increase in production components of corn in response
to increase irrigation depths was expected in the conditions,
under which the experiment was conducted. The
experimental area was located in a semiarid region and
characterized by a temporal and spatial limitation of water
resources, requiring the use of irrigation depths to meet the
crop demand (Silva et al., 2015). It is noteworthy that the use
of irrigation along with naturally precipitated water is a
significant management strategy in corn crops to water
deficiency in crucial stages of development and production
(Ribeiro et al., 2015).

As corn is very demanding and has a high water demand,
the water supply in larger amounts resulting from irrigation
depths helped to increase soil moisture and met the crop need
entirety to furnish a greater production (Silva et al., 2012;
Xavier et al., 2014). Even irrigation with smaller depths may
produce higher dry grain yield than the national average
(3,620 kg ha). The larger depths has produced values greater
than the average productivity of China (5,560 kg ha™),
although below the average yield of the United States, of
9,660 kg ha™* (Ribeiro et al., 2015).

Minuzzi and Lopes (2015) reported that climate is the main
factor related to the production of corn. Thus, the more
pronounced responses in the production components occurred
in the second experimental period (E,) are associated with the
specific climatic variables, especially the low rainfall (78.0%
lower than E,), the global radiation (Rg), photosynthetically
active radiation (PAR), and radiation balance (Rn), which
had increases of 21.5%, 21.5% and 21.4%, respectively.
These factors promoted an increase of 4.5% in the average
atmosphere temperature and a reduction of 12.6% in relative

air humidity, such that the combination of these factors
contributed to an increase of 26.3% in crop
evapotranspiration in E; (Table 4). The low productivity
occurred in plants in E,, irrigated with smaller depths, is
related to the lower availability of water in the soil and
consequent hydric stress. Usually, the water deficit causes
reduction of the photosynthetic apparatus, CO, assimilation,
and biomass allocation, stimulating increased accumulation
of soluble sugars in the leaves and a decrease in the amount
of starch (Costa et al., 2008; Minuzzi and Lopes, 2015).

Melo et al. (2010) reported that if water deficit occurs in
the critical period, the recovery of the productive capacity of
the culture will not be satisfactory and the final production
will be severely reduced. In a complementary sense,
Bergamaschi et al. (2006) mentioned that the most severe
reductions in production occur due to water deficit in the
stages of pollination, zygote formation, and early
development of the grain.

The production components vary in the function of
photosynthetic dynamics. Therefore, under moderate water
deficit, there is a decrease in the photosynthetic rate.
However, the light reactions, transport of electrons, and
reduction of NADP® are retained, causing an energy
imbalance (Lawlor and Tezara, 2009). This may result in
synthesis of the reactive oxygen species (ROS) that damage
the ATP synthase enzyme, delaying the synthesis of ribulose-
1,5-bisphosphate (RuBP) and causing a decrease in
Ribulose-1,5-bisphosphate carboxylase/oxygenase (rubisco)
activity. These are physiological events reflected as lower
yield and production components, at lower irrigation depths
(Chavarria et al., 2015).

In a space with smaller dimensions, the reduction of the
multi-dimensional space of the data from these experiments
sets an important strategy for a better understanding of the
results. It is an important auxiliary tool for making decisions
on corn crops irrigated with variable water depths. In fact, to
analyze and understand complex studies is a challenging task,
especially due to the high volume of data involved and the
occurrence  of  multicollinearity ~ between  variables,
emphasizing the use of multivariate analysis. For example,
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Principal Component Analysis can be used as an efficient
tool to mitigate these difficulties (Ranamukhaarachchi et al.,
2017; Yiet al., 2017).

It should be noted that the corn is characterized by its great
requirement to water and also for its most efficient water use
(WUE) as well. In other words, it has a high ratio of dry
matter production by absorbed water unit (Silva et al., 2012).
Therefore, its stability in the WUE in the first experimental
period can be explained by the high volume of precipitation
and the complementation of the required water through
irrigation. The reduction of EWUpy, in the second
experimental period is linked to the climatic characteristics
and to the physiological responses of the plants. In another
aspect, the adopted planting system may have contributed to
the maintenance of soil moisture and better use of water, even
at smaller irrigation depths. This information is ratified by
Murga-Orrillo et al. (2016), who found that the greatest WUE
can occur in covered soil.

In a research with irrigation depths, Souza et al. (2011)
obtained values higher than the ones observed in this study.
The authors justified the gain in WUE because the cultivar
had been improved for adaptation in semiarid conditions.
However, the WUE values found in this study are similar to
those reported by Minuzzi and Lopes (2015), who estimated
the WUE values of corn in different climate scenarios in the
Midwest of Brazil and found for the current conditions,
values of 2.8 kg m™ (Cataldo - GO), 2.61 kgm™ (Rio Verde -
GO), 2.99 kg m™ (Ponta Poré - MS), 2.91 kg m™ (Invinhema
- MS), and 2.43 kg m™ (Diamantino - MT).

Materials and Methods
Experimental area characterization

Due to the transition between the dry and rainy period and
characteristic of the region, there is a dry and a rainy season.
It is necessary to identify the appropriate irrigation depth for
the maize crop in each period. Thus, two experiments were
conducted at two different periods, the first period (E;) was
conducted in the period between April and August 2015 and
the second period (E,), between August and December of the
same year. The experimental area was located in the Farm
Torord 111, Pdo de Aclcar municipality, state of Alagoas
(AL) on the coordinates of latitude: 09° 45° 20.7” S,
longitude: 37° 25° 1 2.3 W, and an altitude of 18 m.
According to the Koeppen classification (1948), the local
climate was classified as BSh’, with a predominance of
hypoxerophytic caatinga. It presents an average annual air
temperature of 27°C and average annual rainfall of 500 mm
(Barros et al., 2012).

During the period of conducting the research, climate
monitoring was performed and expressed through agro-
climatic variables obtained from the automatic weather
station of the National Institute of Meteorology-INMET
(latitude: 09° 44’ 56 S, longitude: 37°25” 51° W and altitude
of 15 m) located 1.6 km from the experimental area. The
monthly averages are presented in Table 4.

In the experimental area, prior to assembly of the first
experiment, 12 simple soil samples were collected in layers
from a depth of 0.00 to 0.30 m and 0.30 to 0.60 m. These
were composite samples representative of each depth. The
samples were properly packed and sent to the Laboratory of
Irrigation and Salinity of the Federal University of Campina
Grande for analysis of their physical and chemical properties
(Table 5).

The water used in the experiments came through a flume
from the Sdo Francisco river, which was at a distance of 113
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m from the experimental area. Water samples of 1 L were
collected from around the pickup point, packed into water
containers, washed thrice with the water collected, and then
forwarded to the Central Analytical Laboratory in the city of
Maceid, state of AL, for chemical and salinity analysis. The
following values were recorded: pH = 8.15, Ca = 0.44 mmol,
L, Mg = 0.16 mmol, L, Na = 0.88 mmol, L}, K = 0.03
mmol, L™}, Fe = 0.08 ppm, Electrical Conductivity = 0.16 dS
mt, Carbonates = 0.00 mmol, L, Bicarbonates = 0.32 mmol,
L%, Chlorides = 0.89 mmol, L™, Sulfates = 0.35 mmol, L,
Sodium Adsorption Ratio = 1.54, Class = C1-S1, General
Classification = No Restriction.

Experimental design

The experimental design was randomized blocks, with six
treatments (water depths), corresponding to 50%, 75%,
100%, 125%, 150%, and 175% replacement of
evapotranspirated water (ET,), with four replications.

Area preparation

The total experimental area (480 m?) was cultivated with a
No-Till System, performing desiccation of the vegetation
cover with application of 1 L ha® (0.48 kg i.a. ha?) of
Glyphosate, 15 days before sowing. Each experimental plot
occupied an area of 20.0 m? (5.0 m x 4.0 m), consisting of
five irrigation lines, 5.0 m in length, with spacing of 0.80 m
between lines, and 0.20 m between plants. At harvest, a row
of each extremity of the plot (border) was discarded,
collecting a useful area of 12 m,

Soil fertilization was performed by the interpretation of the
soil analysis, applying 45 kg ha™* of N, 138 kg ha™* P,Os, and
37 kg ha* of K,0.

A localized irrigation drip system was used, consisting of
drip tape with 16 mm nominal diameter, with flow emitters of
7.5 L h! spaced at every 0.20 m, operating under a service
pressure of 10 mH,O (meters of water column). For system
automation, a set of six electrovalves was adopted, which was
activated by a programmer, for six stations.

Seeding

The sowing of corn, hybrid AG 7088 from Agroceres, was
performed in both experiments (E; = experiment 1
from11/04/2015 to 11/08/2015 and E, = experiment 2, from
25/08/2015 to 25/12/2015), adopting three seeds evenly
distributed. 10 days after sowing (DAS), thinning was carried
out by adopting one plant per pit, totalizing the final stand of
62,500 plants ha®. During 15 DAS, the soil was maintained
under daily irrigation with 12.5 mm. This was considered to
be sufficient time for seedling establishment in the field.

Treatment application

The application of irrigation depths corresponding to the
treatments was carried out with a frequency of two days,
performed based on the restoration of evapotranspirated
water (ET,) and calculated by summing the ET, of two days,
prior to the day of irrigation. On the days of recorded rainfall
during the crop cycle, the same was subtracted from the ET,,.
For the calculation of daily ET,, the FAO Penman-Monteith
method was used (Allen, 1989).

The time required for repositioning of the respective depths
was recorded by the programmer to activate and stop the
operation of the irrigation system.



At the end of the first experiment, the total depths
corresponded to L; =19 mm, L, =28 mm, L; =38 mm, L, =
47 mm, Ls = 56 mm, and Lg = 66 mm; and at the end of the
second experiment L; = 229 mm, L, = 343 mm, L; = 458
mm, L, =572 mm, Ls = 687 mm, and Lg = 801 mm.

Field management

Soon after sowing, 4.0 L ha™ of the pre-emergent selective
herbicide Primestra Gold® (Syngenta Crop Protection Ltda)
was applied. The first top dressing of the crop occurred 22
days after sowing (DAS), with 112 kg ha™ of urea (45% N,).
At 25 DAS, in order to control the Cartridge worm
(Spodoptera frugiperda L.), 150 ml ha* of insecticide Karaté
Zeon 50 CS® (Syngenta Crop Protection Ltda) was applied.
On comgletion 30 DAS, 0.5 L of the herbicide Roundup
Original® (Monsanto from Brazil Ltda) per 100 L of water
was applied to control weeds with a directed jet between the
lines of plantation. The second top dressing was performed at
54 DAS, with 112 kg ha™ of urea (45% N,). At 35 DAS,
some insects like bumble bees botflies (Dermatobia hominis)
and wood saw beetles (Oncideres impluviata) were emerged
in the experimental area and were controlled with one
application of the insecticide Connect® (Bayer S/A) at a dose
of 750 ml ha™.

Evaluated variables

After 120 DAS, finalizing maturity, the useful area was
manually harvested in portions, which corresponded to the
three lines of the interior plot, being 3 m from the central line
and 1.5 m from the side lines. The production components of
corn were expressed through the variables: mass of a
thousand grains (MTG g 1000 grains™), ear number per plot
(ENP un plot™), dry grain yield (DGY kg ha™), ear length
(EAL cm ear?), ear diameter (EAD mm ear™), row number
per ear (RNE un ear™), grain number per row (GNR un line
1), grain number per ear (GNE un ear™), grain mass per ear
(GME g ear™), corn cob mass (CMA g corncob™), mass of
dehusked ear (MDE g ear), and ear straw mass (STM g) of
corn.

The agronomic efficiency of water use (WUE) was
estimated according to the methodology of Faraco et al.
(2016), being expressed in terms of dry matter (WUEp),,) and
grain yield (WUEgy). For this purpose, the EWUpy was
calculated using the ratio between the total dry matter
production (kg ha™) and the consumed water volume (m? ha"
%), while the WUEgy was obtained by using the ratio between
the obtained grain yield (kg ha™) and the consumed water
volume (m3 ha®). The WUE was expressed in kilograms of
dry matter or corn grains per cubic meter of water (kg m™). It
is important to note that, due to the nature of this variable, it
was not included in the database for statistical analysis,
avoiding multicollinearity and redundant results (Guilhen et
al., 2016; Lindner and Pitombo, 2016).

Statistical analysis

The original data were submitted to univariate variance
analysis and when a difference was found between the
treatments, we used the polynomial regression analysis to
show the best estimated irrigation depths (Barbosa and
Maldonado Junior, 2015). Subsequently, the data were
standardized to make zero mean and unitary variance. The
multivariate structure of the results was evaluated by means
of exploratory Principal Component Analysis (PCA),
condensing the amount of relevant information in the original
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set of data into a smaller number of dimensions, resulting in
linear combinations of the original variables generated from
the highest eigenvalues in the covariance matrix (Hair et al.,
2009).

Conclusion

The production components and water use efficiency of corn
hybrid AG 7088 were not affected by varying water depths in
the first experimental period. In the second experimental
period, an increase of irrigation depth promoted significant
gains in the mass of a thousand grains, dry grain yield, grain
number per row, grain number per corn ear, corncob mass,
and mass of the dehusked ear, reducing the water use
efficiency. The use of multivariate analysis of Principal
Components was effective in reducing the multidimensional
space of the original set of variables in three dimensions, with
relevant information to highlight the differences between
irrigation depths and experimental periods.
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