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Abstract 
The yield and cause and effect relationships of green-ear production components of hybrids cultivated in reduced 
spaced environments were investigated aiming to increase the green ear harvest, as well as to identify the main 
characteristics that contribute most to the productivity. Four row spacings were evaluated using three commercial 
hybrids. The experiment lasted three months and were evaluated: plant height (PH) and ear insertion height 
(EIH), leaf area (LA), stem diameter (SD), total number of ears, total ear yield, number of ear with straw and 
without straw, yield of ears with straw (YES) and yield ear without straw (YEWS), ear length (EL) and ear 
diameter (ED). In addition, the full correlation in direct and indirect effects was performed by the path analysis 
of the PH, EIH, LA, SD, EL, ED characters on the YEWS. It was found that the reduction of spacing to 60 cm 
favors higher YEWS without compromising the quality, size and diameter of the green ears. However, the EL, 
EIH and SD are the main characters that directly and indirectly influence the yield of green ears of maize hybrids 
cultivated in reduced spaced environment. 
Keywords: correlations, cropping systems, production, Zea mays 

1. Introduction 
Maize (Zea mays L.) is originally from Central America and has acclimatization capacity to various climates, 
which gives it considerable plasticity and allows its cultivation in many areas of the world (Silveira, Bonetti, 
Tragnago, Neto, and Monteiro 2015). Corn is grown practically all year round, where it is explored on most 
farms, cultivated with low technology and subsistence characteristics in addition to technology cultivation and 
high productivity (Luz, Camilo, Barbieri, Rangel, & Oliveira, 2014). 

Grain production is the main focus in maize cultivation. However, the crop has great consumption versatility, 
which can also be destined to the production of green maize or silage (Ribeiro, Damaso, Costa, Pelá, & 
Rodrigues, 2016). For consumption in natura the green ears are harvested fresh at the physiological stage R3, 
with water content in the grain ranging from 70% to 80% of moisture, presenting characteristics such as color, 
flavor, texture, length and diameter of the ear suitable for the marketing of ears (Santos et al., 2015). In this 
context, the green maize crop becomes attractive to small and medium producers, due to the possibilities of 
added value to the product by the market and also by its demand (Williams, 2014). 

In general, few cultivars for green maize are available and recommended for different producing regions. Thus, 
producers choose to use hybrid maize seeds intended for other markets for the production of green maize 
(Rodrigues et al., 2018). As an alternative to this market, hybrid maize for grain production may be interesting options 
for growing green maize (Costa, Damaso, Mendes, Marques, & Rodrigues, 2015), which combined with reduced 
row spacing can increase production in small areas (Nascimento, Ferreira, Martins, Nascimento, & Lima, 2019), 
without compromising the quality of marketable ears. 

Studies on the behavior of cultivars for in natura consumption and cause-and-effect relationship between green 
ear production components are of great importance to growers (Entringer, Santos, Vettorazzi, Cunha, & Pereira, 
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2014). The information generated by the path analysis contributes to decision of the cultivar to be used and 
which characteristics influence the main variable (Rocha et al., 2019). 

Green ear yield is influenced by several components, so the identification of ear yield characters that make the 
greatest contribution to yield can assist in selecting cultivars for the green maize market (Entringer et al., 2014). 
Given this, the knowledge of the correlations through the path analysis allows to outline alternative strategies to 
maximize the predicted gain with the selection of components directly or indirectly correlated with a main 
variable (Zuffo, Ribeiro, Bruzi, Zambiazzi, & Fonseca, 2018). 

Therefore, this work was proposed with the objective of verifying the green ear yield potential and direct and 
indirect relations between the green ear yield components, by means of the path analysis, identifying which trait 
presents the greatest contribution to the yield of green ears of maize hybrids cultivated in an environment with 
reduced spacing. 

2. Material and Method 
2.1 The Area Description 

The experiment was conducted at the 2016/2017 crop at Fazenda São João, located in Senador Guiomard, BR 
317-km 57, State of Acre, Brazil (09º50.9′S and 67º26.4′W in datum WGS84). The chemical analysis of the soil 
in the 0-20 cm layer presented pH = 5.4; P = 10.4 mg dm-3; K = 45.3 mg dm-3; MO = 20.6 g dm-3; Al = 0.25 
cmolc dm-3; Ca = 6.5 cmolc dm-3 and Mg = 2.5 cmolc dm-3. 

The monthly data referring to experimental area climatic conditions can be observed in Table 1. 

 

Table 1. Monthly climatic information in the crop 2016/2017 

Season Average Temperature (°C) Relative Humidity (%) Precipitation (mm) 

Novembro (2016) 26.35 84.61 169.90 

Dezembro (2016) 26.10 87.78 219.30 

Janeiro (2017) 25.53 94.47 405.20 

Fevereiro (2017) 25.72 94.04 236.50 

Source: INMET (2017). 

 

2.2 Experimental Design and Conduction 

The experimental design used was randomized blocks with split plots with four replications. The treatments 
resulted from the combinations of corn hybrids in management systems with different spacings. The hybrids 
were allocated in the plots, and in the subplots were inserted in the row spacing.  

In the week before sowing, the weeds present in the area were desiccated with glyphosate (glycine derived 
systemic herbicide), at the dose of 1,920 g ha-1 of the active ingrediente, maintaining the dry mass of the 
desiccated plants as cover. 

In minimum tillage system, sowing was done manually in November 2016, in furrows spaced with the distance 
according to the desired spacing, but the separation between the plants in the planting lines was 20 cm in all 
treatments, one seed per pit being used. 

The hybrids used were 2B 655 PW (H1), AG 7088 PRO3 (H2) and P4285 YHR (H3). The spacings adopted 
were 40, 60, 80 and 95 cm row spacing, totaling a final population of 125,000; 83,333; 62,500 and 52,632 plants 
ha-1, respectively. 

The plot area was 96 m2 divided into four subplots of 24 m2, where hybrids were implanted in different line 
spacing. The line numbers within the subplots varied according to the spacing used. In all subplots, only the 
central row was considered as a useful area, excluding 50 cm from the extremity. 

The fertilization was performed based on the chemical characteristics of the applied soil 60 kg P ha-1, 80 kg K 
ha-1 and 120 kg N ha-1, adjusting the fertilizer distribution for each spacing. 

2.3 Growth Variables 

Moment before harvesting the green ears at the R3 stadium in February 2017, the variables plant height (PH) and 
ear insertion height (EIH), as well as stem diameter (SD) in mm, were evaluated. These evaluations were 
performed on ten plants randomly chosen in the useful area of each subplot. 
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Additionally, in a plant of the useful area of each subplot, the photosynthetically active leaf area (LA) was 
calculated by applying Equation 1: 

LA = Σ(L × S × 0.75)                                  (1) 

Where, LA: Leaf area (cm2); L: Leaf length (cm); S: sheet width (cm).  

2.4 Green Ear Production Variables 

Green ears were harvested manually (90 days after sowing) as the ears reached the milky grain point, stage R3. 
Thus, all ears of the subplot useful area were harvested and evaluated for the total number of ears per hectare 
(NE), total ear yield (TEY), number of ears with straw (NES) and without straw (NEWS), yield of ears with 
straw (YES) and without straw (YEWS), ear length (EL) and ear diameter (ED).  

2.5 Statistical Analysis 

The results were submitted to homogeneity (Bartlett) and error normality analysis (Shapiro-Wilk), and then to 
variance analysis (ANOVA), and when significant to the means were compared by the Scott-Knott test at 5% 
probability. The analyzes were performed using the software ASSISTAT (Silva & Azevedo, 2016). 

Before performing the trail analysis, the phenotypic correlation matrix was obtained and the multicollinearity 
was verified by the matrix condition number (NC), the ratio between the highest and lowest matrix eigenvalues, 
proposed by Montgomery and Peck (1981). The presence of severe multicollinearity was observed (NC = 
1354547.06), and then the path analysis under multicollinearity was performed, applying the constant k on the 
main diagonal of the phenotypic correlation matrix.  

Thus, the correlations of the characters PH, EIH, SD, LA, EL and ED (explanatory variables) with the YEWS 
(basic variable) were divided into direct and indirect effects with a chain, establishing the cause and effect 
relationships between the variables (Cruz & Carneiro, 2016). All processes for trail analysis were performed with 
the computer program Genes (Cruz, 2016).  

3. Result and Discussion 
Plant height (Figure 1A), ear insertion height (Figure 1B) and stem diameter (Figure 1D) showed significant 
differences (p < 0.05) between hybrids and spacing, but leaf area (Figure 1C) was not influenced (p>0.05) of the 
different treatments applied. 

 

 

 



jas.ccsenet.

Figure 1. P

Note. Aver
between th

 

For plant h
differences
PA with re
at higher d

Similar re
plant mate
plant heigh
genotype. 

At ear ins
(128.00 cm
competitio
which con
Kuneski e
greater ste

For stem d
than plants
of superior
crop yield 

With incre
broken pla
ear yield (
hybrids sh

org 

Plant height (A

rages followed
he spacings an

height (AP) hy
s were observe
educed spacing
densities per ar

sults for PH w
erial and agron
ht when subje

sertion height, 
m) in relation
on for light th
nsequently incr
et al. (2017), t
em growth and 

diameter (SD)
s in denser spa
rity. According
due to its influ

easing plant p
ants, which con
Rezende et al.

howed resistanc

A), ear insertio

d by the same 
d hybrids, resp

ybrids presente
ed between spa
g for H3 hybri
rea, with no ris

were observed
nomic characte
ected to higher

it was observ
n to the other
hat occurs in e
reases ear inse
the high numb
consequently 

 (Figure 1D) i
acing (40 cm), 
g to Favarato, 
uence on lodgi

population den
nsequently red
, 2015). Howe
ce to lodging. 

Journal of A

on height (B), l
respe

upper and low
pectively, by th

ed average hei
acing for hybr
id, an interesti
sk of plant brea

d by Almeida J
eristics establi
r population d

ved that in the
r spacings (Fi
environments 
ertion height w
ber of plants p
the ear will be

it was found t
with 14.56%,
Souza, and Ga
ing resistance.

nsity, changes 
duces the numb
ever, bedridden

Agricultural Sci

134 

leaf area (C) a
ective spacing

wer case letter
he Scott-Knott

ight between 1
rids H1 and H2
ing result for m
akage, commo

Júnior et al. (2
ished by breed

densities in the

e 40 cm spacin
igure 1B). Th
with higher p

without interfe
per area increa
e positioned fu

that greater dis
 18.68% and 1
alvão (2016) th
  

may occur th
ber of ears har
n plants were n

ience

and stem diame

rs do not show
t test. 

186.25 cm and
2. Notably, the
maize growers
only evidenced

2018), accordi
ding programs 
e crop, as it is 

ng, mainly cu
his fact can be
plant densities
ering with plan
ases the comp
urther away fro

stances betwee
11.60% of hyb
he stem diame

hat increase th
rvested in the 
not found in th

V

eter (D) of mai

w statistical dif

d 222.25 cm (F
ere was no sign
, as it suggest

d with plants o

ing to the auth
do not suffer 
an inherent c

ultivar H3, pre
e explained b
s, which favor
nt height. How
petition for ligh
om the soil sur

en rows (95 cm
brids H1 H2 an
eter acts as an i

he percentage
area, contribut

he experiment 

Vol. 11, No. 18;

ize hybrids in 

fference (p > 

Figure 1A), an
nificant variati
s cropping sys
f high postage

hors, the impr
large variatio

characteristic o

esented higher
by the intraspe
rs stem elonga
wever, accordin
ht, which prov

rface. 

m) with highe
nd H3, respecti
important aspe

e of bedridden
ting to lower g
suggesting tha

2019 

their 

0.05) 

nd no 
on in 
stems 
. 

roved 
ns in 

of the 

EIH 
ecific 
ation, 
ng to 
vides 

er SD 
ively, 
ect in 

n and 
green 
at the 



jas.ccsenet.

In the com
0.05) for h
(Figure 2B
2D) there w

 

Figure 2. T

Note. Aver
between th

 

The numb
than the am
increases w
per area. T
increases s

However, 
expected f
values bel
germinatio
stress at cr
yield varia

The larger
(23,737.03
as it prese
higher TE
decline in 

The numb
pests and 
hybrids H

org 

mponents of gr
hybrids and sp
B), number of 
was a significa

Total number o

rages followed
he spacings an

ber of ears har
mount obtaine
with the reduc
Testa, Reyner
significantly as

the NE was b
for spacing tre
low the total 
on, establishme
ritical germina
ables, including

r number of e
3 kg ha-1) and 
ented statistica

EY than the ot
total green ear

ber of ears wit
diseases. In t
1, H2 and H3,

reen ear produ
pacing only in 

ears with straw
ant difference 

of ear (A), tota
of ma

d by the same 
d hybrids, resp

rvested at 40 c
ed when hybrid
ction of spacin
i, and Blandin
s the plant pop

below the targ
eatments. For 
plant populat
ent and develo

ation stages, se
g the final stan

ar in the 40 c
H2 (23,029.51
ally equal TEY
ther hybrids, a
r yield.  

th straw (NES
the reduced sp
, respectively, 

Journal of A

uction it is obs
the total numb
w per hectare 
(p < 0.05) only

al ear yield (B)
aize hybrids su

upper and low
pectively, by th

cm spacing ran
ds were sown 

ng in the crop, 
no (2016) stat
pulation density

get plant popu
Favarato et a

tion per hecta
opment of crop
eed emergence
nd (Thapa et al

cm spacing pro
1 kg ha-1), resp
Y between th
and it can be 

) per hectare 
pacing (40 cm
in relation to 

Agricultural Sci

135 

served in Figu
ber of ears per
(Figure 2C) an
y between spa

), number of e
ubmitted to dif

wer case letter
he Scott-Knott

nged from 101
95 cm apart (
which conseq

te that the ave
y increase due

ulation in all s
al. (2016), the 
are. Noteworth
p in the field (V
e, and late vege
l., 2018). 

ovided higher 
pectively. How
he different sp

cultivated in 

(Figure 2C) w
m), there was 

the 95 cm spa

ience

ure 2, that ther
r hectare (Figu
nd yield of ear
cings. 

ars with straw
fferent spacing

rs do not show
t test. 

1,736.00 to 11
(Figure 2A). In
quently increas
erage number 

e to the reducti

spacings, since
number of ea

hy, that the fi
Vian et al., 20
etative growth

total ear yield
wever, the same
pacings studied

normal or red

was obtained b
an increase o
acing between

V

e was signific
ure 2A). For ea
rs with straw p

w (C) and yield 
g 

w statistical dif

18,586.00 ears
n this case, th
ses the numbe
of ears harve

ion in row spac

e the final stan
ars harvested p
inal stand is d
16). Additiona

h may influenc

d (Figure 2B) 
e result was no
d. Thus, the h
duced spacing

by removing th
f 43.25%, 45.

n rows. For the

Vol. 11, No. 18;

cant difference
ar yield per he
per hectare (F

 ears with stra

fference (p > 

 ha-1, 100% h
e number of p

er of ears harv
ested per unit 
cing.  

nd was lower 
per hectare pr
dependent on 
ally, factors su
e some growth

for the hybri
ot observed for
hybrid H3 pre
g without suff

he ears affecte
.82% and 50%
e yield of ears 

2019 

(p < 
ectare 
igure 

w (D) 

0.05) 

igher 
plants 
ested 
area 

than 
esent 
seed 

ch as 
h and 

d H1 
r H3, 
sents 

fering 

ed by 
% for 

with 



jas.ccsenet.

straw (YE
the spacing
ha-1 at 95 c
straw is an
which give

For the nu
between th
by the sp
differences

 

Figure 3. 

Note. Aver
between th

 

Notably, th
the higher
maintained
hybrids.  

The yield 
average ra
of green m
itself or fo

The length
without str
cm and 60
diameter (
ranged fro
consumpti

org 

S), the hybrid 
g (Figure 2D),
cm. According
n important ch
es it a longer s

umber of ears w
he spacings (p 
acing (Figure
s between hyb

Number of ear

rages followed
he spacings an

he high numbe
r population d
d NEWS stati

of ear withou
anging from 5,
maize, because 
or use in indust

h and diameter
raw (Silva et a
0 cm spacing, w
(Figure 3D), e

om 41.05 to 45
ion. 

H3 was super
, with 8009.92

g to Silva, Schi
haracteristic fo
shelf life.  

without straw 
< 0.05). Howe

e 3B). For ear
brids and spacin

rs without stra
of m

d by the same 
d hybrids, resp

er of ears witho
density obtain
istically equal 

ut straw (YEW
,133.52 to 9,14
the ears witho

try (Carvalho e

r of green ears 
al., 2015). In th
with an ear len
even presentin
5.48 mm which

Journal of A

rior because it 
2 kg ha-1 for the
imitz, Silva, C
r commerciali

(NEWS) per h
ever, the yield 
r length and 
ng. 

aw (A), yield o
maize hybrids 

upper and low
pectively, by th

out straw (NEW
ned with the s

between the 

WS) per hectare
40.54 kg ha-1. 
out straw are th
et al., 2016).

for commerci
his research, H
ngth of 17.58 
ng differences
h is in the stan

Agricultural Sci

136 

did not show 
e cultivation in 

Carpanini, and M
ization of gree

hectare (Figur
of ears withou
diameter (Fig

of ears without 
in their respec

wer case letter
he Scott-Knott

WS) per hecta
smaller cultiv
evaluated spac

e (Figure 3B) 
These charact
he products re

ialization are a
H3 presented su

cm, 16.18 cm 
s in the hybrid
ndard establish

ience

significance in
the spacing 40
Magalhães (20

en maize, since

re 3A), a signi
ut straw (YEW
gures 3C and 

straw (B), ear
ctive spacing

rs do not show
t test. 

are in the 40 cm
vated area spa
cings, which s

was not influe
teristics have g
equired for con

at least 15 cm a
uperiority to th

m and 15.27 cm
d and spacing
hed for the ma

V

n the YES due 
0 cm between ro
015) the produ
e the ears can 

ificant differen
WS) was not in

3D) were ob

r length (C) an

w statistical dif

m spacing (Fig
acing. Notewo
suggests super

enced by the t
great relevanc
nsumption of th

and 30 mm, re
he other hybrid

m, respectively.
g treatments, t
arket of green m

Vol. 11, No. 18;

to the reductio
ows and 6275.8

uctivity of ears
be sold with s

nce was found 
fluenced (p > 
bserved signif

nd ear diameter

fference (p > 

gure 3A) was d
orthy that only
riority to the 

treatments, wi
e in the produ
he grains in th

espectively, for
ds in the 95 cm
. Regarding th
the average v
maize for in n

2019 

on of 
83 kg 
with 

straw, 

only 
0.05) 
ficant 

r (D) 

0.05) 

due to 
y H3 
other 

th an 
ction 

he ear 

r ears 
m, 80 
he ear 
alues 

natura 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 18; 2019 

137 

The path analysis under multicollinearity with the addition of the constant k = 0.05 was efficient to estimate the 
direct and indirect effects of the explanatory variables on the YEWS (Table 2). The coefficient of determination 
was 96.00% and the low residual effect (0.20), shows that the components PH, EIH, SD, LA, EL and ED 
determined the total variation of YEWS in maize hybrids cultivated with reduced spacing for green ear 
production. 

 

Table 2. Estimates of the direct and indirect effects of the primary variables plant height (PH), ear insertion 
height (EIH), stem diameter (SD), leaf area (LA), ear length (EL) and ear diameter (ED) on the main variable 
yield without straw (YEWS) of corn hybrids cultivated in reduced spaced environment 

Characters Path coefficients  Characters Path coefficients 

PH   LA  

Direct effect on YEWS -0.10  Direct effect on YEWS 0.17 

Indirect effect via EIH -0.33  Indirect effect via PH -0.10 

Indirect effect via SD -0.41  Indirect effect via EIH -0.28 

Indirect effect via LA 0.17  Indirect effect via SD -0.33 

Indirect effect via EL 0.35  Indirect effect via EL 0.50 

Indirect effect via ED -0.17  Indirect effect via ED -0.01 

Total -0.35  Total -0.06 

EIH   EL  

Direct effect on YEWS -0.34  Direct effect on YEWS 0.65 

Indirect effect via PH -0.10  Indirect effect via PH -0.06 

Indirect effect via SD -0.45  Indirect effect via EIH -0.09 

Indirect effect via LA 0.14  Indirect effect via SD -0.06 

Indirect effect via EL 0.17  Indirect effect via LA 0.13 

Indirect effect via ED -0.02  Indirect effect via ED -0.01 

Total -0.61  Total 0.61 

SD   ED  

Direct effect on YEWS -0.45  Direct effect on YEWS 0.02 

Indirect effect via PH -0.10  Indirect effect via PH 0.10 

Indirect effect via EIH -0.34  Indirect effect via EIH 0.32 

Indirect effect via LA 0.13  Indirect effect via SD 0.39 

Indirect effect via EL 0.08  Indirect effect via LA -0.17 

Indirect effect via ED -0.02  Indirect effect via EL -0.40 

Total -0.71  Total 0.26 

Coefficient of determination 0.96 

k value 0.05 

Residual variable effect 0.20 

 

The highest total correlation coefficients obtained in the experiment between EL and YEWS (r = 0.61), EIH and 
YEWS (r = -0.61) and between SD and YEWS (r = -0.71) resulted in the highest average direct effects of EL, 
EIH and SD on the yield of ears without straw, with coefficients of 0.65, -0.34 and -0.45, respectively. These 
results confirm the importance that EL, EIH and SD have in the cause and effect relationship with the dependent 
variable, and that the indirect selection of these variables can result in significant gains in YEWS. 

These characters PH, LA and ED had a direct effect smaller than the residual variable and their associations may not 
be relevant for YEWS since components with positive or negative direct effects smaller than the residual variable 
indicate that the components are not cause and effect of the basic variable (Toebe & Cargnelutti Filho, 2013). 

With the path analysis Entringer et al. (2014), observed that the components green ear volume and grain volume 
may favor the gain in green ear production in a simultaneous selection process, since the direct effect of the 
explanatory variables were 0.2536 and 0.2637, respectively, in the production of green ear. Thus, selection of EL, 
EIH and SD can help in choosing superior cultivars for green ear production. 
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In the production of green ears of corn, in crops that cultivate in small spacing, the characteristics EL, EIH and 
SD directly and indirectly influenced the yield of green ears without straw. Results provide different options of 
variables that can be selected to maximize genetic gain in green ear production of maize hybrids in reduced 
spacing. 

4. Conclusions 
Hybrids can be grown in reduced row spacing up to 60 cm to increase green ear yield without changing plant 
growth characteristics. 

The diameter and length of strawless ear of hybrids grown up to 60 cm between rows are satisfactory for 
commercialization and consumption in nature. 

The characters ear length (EL), ear insertion height (EIH) and stem diameter (SD) have the largest direct and 
indirect contribution at yield ear without straw. 
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