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ABSTRACT

Increases in plant density associated with the use of plant growth regulators, aside from modifying the plant
architecture, can also change the maize yield performance. This study aims to investigate the yield components and
grain yield of maize hybrids with contrasting leaf architecture, in response to different plant populations and trinexapac-
ethyl rates (TE). Field experiments were conducted in two growing seasons, in a (5 x 5) factorial randomized block
design. The treatments consisted of: five plant population (40, 60, 80, 100, and 120 thousandpkamdsfive TE
rates (0, 100, 200, 300, and 400 g a.it)hwith four replications, using the hybrids 2B710 HX anat$TL. We
evaluated the number of rows per,@ar length, number of grains per f@@00-grain mass, and yielsh increased
plant density reduces ear length, number of grains per row and 1000-grain mass, without changing the number of grain
rows per ealTE rates increases ear length and number of grains per row and reduces 1000-grain mass, mainly under
favorable cultivation conditions[E interacts with the plant densitghanging the maize yield components with
increases in grain yield, but these gains vaggording to the environment and genotype characteristics.
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INTRODUCTION densitiesare also harmful for causing an increase in

Maize grain yield can be increased by maximizing thitraspecific competition, reducing components such as
photosynthetic diciency, by intensifying the solar €' length, the number and/or grain mass per ear and 1000
radiation interception of the canopy (Marchébal., grain mass (Brachtvogedt al.,2009; Sangogét al.,2009).
2006). One of the ways of improving interception is an Since increases in plant density are only favorable up
elevation of the plant densijtthus augmenting the leaf to & certain limit, the implementation of complementary
area of the canopy (Sanggial.,2013). techniques, such as the use of growth regulators, can be

The management of plant density in maize cultivatiof way to modify the architecture of maize plants, enabling
is a practice with a major effect on grain yield. The reasdhe use of high densities.
is that maize has no efficient compensation mechanisms Plant growth regulators influence the plant metabo-
of spaces, since tillering is scarce and inefficient, the lebk$m, and are applied to change the characteristics of leaf
expansion capacity is low and prolificacy poor (Sargoi architecture and reduce the stem height, with a view to
al.,2011). facilitating cultural practices, reducing the propensity to

However very high densities can negativelffeat lodging, maximizing the absorption of solar radiation and
the crop, resulting in blanched plants with thinner stemthus, increasing grain yields (Zagonel & Ferreiral 20
ultimately favoring lodging. In addition, excessively highGonget al,, 2021; Sangait al.2020).
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Trinexapac-ethyl is a plant growth regulator that indm?; K* = 0.30 cmoldm?, C&* = 4.28 cma|dm?®, Mg* =
terferes with the biosynthesis of gibberellic acid, drastically.05 cmo| dni3; Al** = 0.00 cmol dm®; H*+AI®*" = 3.37
reducing thelevel of active gibberellic acid (GA1) by cmol dm?; CEC,_ . = 5.83 cmoldm?, base saturation
inhibiting 3a-hydroxylaseshortening the plant height (V) = 62.5% and organic matter = 14.24 gdm
(Davies, 1987). The mean rainfall and mean maximum and minimum

For wheat, studies have shown that TE can reduce tteanperatures in the experimental periods were recorded
propensity to lodging, as well as modify the plant leafFigure 1).
architecture, allowing better exploitation of the incident In each growing season, two experiments were carried
radiation and, consequentlgroviding yield increases out, with cultivars with different leaf architecture, sown in
(Zagonel & Fernandes, 2007; Penckoweskal.,2009). adjacent areas. The cultivar 2B710 HX has plane leafs
Increments in grain yield of upland rice in response to T&ith greater lenght and width than theASTUSTL culti-
application were reported by Nascimeatal.(2009) and var that has more upright leafs. The experiments were
Arf et al.(2012), with increments in the number of paniclearranged in randomized complete blocks, in a factorial 5 x
m2, 100-grain mass and hectoliter mass. 5 design, with four replications. The response of five maize

In Brazil, the commercial product containing TE is nopopulations (40, 60, 80, 100, and 120 thousand plants ha
registered for maize application, but recent studies afkto five TE rates (0, 100, 200, 300, and 400 g a') was
investigating the potential of this bioregulator for maizenalyzed. The TE used was the commercial product
crop. Different TE rates and application times were testddoddug’, at a concentration of 250 ¢ &.i.
on maize by Zagonel & Ferreira (2013), with low influence The experiments were sown on October 12, 2010 and
of TE on the corn crop. Howevéahe authors tested the October 9, 2011, within the period established for maize in
TE rates and application times at fixed plant densities attus agricultural zonépproximately 20 days after sowing,
spacing between rows, without evaluating the interactiche seedlings were thinned by hand to the pre-established
with these aspects of crop management. On the other hapolpulation density
Leolatoet al. (2017) evaluated increased plant density The growth regulator was applied in stage V6,
associated with TE application in maize and observedaacording to the scale proposed by Ritatial. (2003),
reduction in plant height and 1000-grain mass, but no yiely foliar spraying with a pressurized backpack sprayer
increases. (CO,), equipped with a twin spray nozzle with air

In this context, this study aims to investigate the yielthduction, at constant pressure and flow of 1501 ha
components and grain yield of maize hybrids with Fertilization at planting consisted of 250 kg of nitrogen,
contrasting leaf architecture, in response to different plaphosphorus and potassium formulation (8% N — 28% P

densities and trinexapac-ethyl rates. —16% KO), according to the results of the soil analysis.
Sidedressing was applied between stage V4 and V6, at a
MATERIAL AND METHODS rate of 150 kg N hg using urea as source (45%).

The experiments were carried out in two growing The cultural practices, weeding, and pests and disease
seasons. In growing season 1 (2010/2011), the experimeahtrol were performed according to the official technical
was installed on a farm in the county of Cambé, Paranédcommendations for the crop. The evaluated plot had a
(23°03'25" S - 51°17°53W; 490 m asl, Latossolermelho total area of 9 i and the experimental plot consisted of
eutroférrico (IVe)) and in growing season 2 (A02012), six 6-m rows spaced 0.45 m apart.
on an experimental farm in Londrina, Parana (23°20'32" S - After the end of the crop cycle, the maize ears were
51°12'32"W, 540 m asl, LatossoMermelho distroférrico harvested from the useful plot area, and 10 random ears
(Lvd)). were separated to assesses the yield components. The

The no-tillage system was used in the experimentahr length (EL), number of grain rows per ear (NGE) and
areas, where soybean was planted in the summer and wineahber of grains per row (NGR) were evaluated.
in the winter of the last growing season prior to the After threshing all the ears of the evaluated area of
experiment Before initiating the experiments, soil samplesach plot, the 1000-grain mass (TGM) and grain yield were
were collected from the experimental areas, in the 0 - 0.&@asured. The 1000-grain mass was determined according
m layer with the following chemical characteristics:to the methodology proposed by Brasil (2009), and yield
Growing season 1 - pH,,=5.29; P (Mehlich 1) =9.07 mg by weighing the grains produced, and both masses were
dm?; K*=0.38 cmoldm?, C&* = 5.93 cmoldm?®, Mg** = corrected to a moisture content of 130 g of water per
1.57 cmo] dm?; Al** = 0.00 cmoldm®;, H*+AI** = 4.09  kilogram grain.
cmol dm?; CEC_. .= 8.21 cmoldm?, base saturation The data was submitted to the response surface
(V) = 66.7% and organic matter = 26.16 gdand in analysis that is adequate when the factors are quantitative
growing season 2 - pH_,,= 5.26; P (Mehlich 1) =9.08 mg and the objective is to find a combination of the factors
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leading to optimum conditions, in this case, the optimaegulator rate is agied to the response of each cultivar
combination of plant population and doses of trinexapa¢Zagonel & Fernandes, 2007). For this reason, the results
ethyl. The polynomial model of the quadratic type witwere analyzed separately for each hybrid.

crosswords was tested, according to Equation 1:

Y :BO+B0Xl+BOX2+BOX12+BOX22+BOX1X2

Students t-test was performed for significance of th
coeficients of the model, at 5% probabilitthen the
non-significance of one or more coefficients was verifie
the model was again adjusted with significant terms. T

The number of grain rows per ear was not significantly

influenced by the factors plant density and TE rates,

éegardless of the hybrid and growing season. This finding
confirms the results of Zagonel & Ferreira (2013). The

dgck of response of this variable to the factors studied
fere was due to the fact that this characteristic is strongly

analysis and diagram construction were performed wiffftérmined by genotype and less by the environment.
The increase in plant density led to a reduction in
maize ear length, independent of the growing season and
the hybrid (Figure 2). The same pattern was mentioned in
The technical recommendations cannot be used fostudies of Brachtvoget al.(2009) and Lanat al.(2014),
given crop in a general wayainly in cases where ad@r  since the increase in the number of plants per area leads

software SRTISTICA 12°.

RESULTSAND DISCUSSION

variety of cultivars are used. Currenttyltivarspecific

to a greater number of ears per area, but with smaller ears

managements tend to be developed, as it is being doaad less grains, due to the greater competition for the
e.g., for TE application to wheat, where the growthesources of the eirenment caused by the density
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Figurel: Meteorological data of rainfall, daily maximum and minimum temperatures. (A) 2010/2011 growing season, Cambé-PR. (B)

2011/2012 growing season, Londrina-PR.
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Trinexapac-ethyl increased ear length in the hybridseasons 2 for hybrid &TUSTL (Figure 3d), whereas no
2B710 HX and SATUSTL in growing season 1 (Figures effect of the growth regulator on this characteristic was
2a and 2c). The highest growth regulator rates promotddtected for hybrid 2B710 HX.
length increases of 0.68 and 0.80 cm perreapectively No effect of TE rates and application times on the
No effect of TE on ear length was observed in growingumber of grains per row of the hybrids®™STUSTL and
season 2. MAXIMUS TLTG were observed by Zagonel & Ferreira

As observed for ear length, the number of grains pé2013), who ascribed this to an absence of effect of the
row also declined in response to a higher number of plargsowth regulator on plant height and other morphological
per hectare (Figure 3). characteristics. Howevegit is worth mentioning that in

In line with the observations for ear length, a lineathe above studa fixed plant density (around 67 thousand
increase in the number of grains per row was observpthnts ha) and spacing between planting rows (0.8 m)
with increasing TE rates for both hybrids in growing seasomere used, explaining the differences in responses in
1 (Figures 3a and 3c). The same was observed in growirgdation to the present study

(a) (b)

(wo) wbuey o3

Y = 21,781-0,1177"P+0 0017 *TE+0,3606e>"P? R =089 Y = 19 655-0,0580"P

(wo) whuey &3

Y = 17 ,235-0,0304"P+0,0020" TE R? =086 Y = 16,518-0,1946e>"P?

2=088

Figure2: Length of ear of maize hybrids 2B710 HX (a andND STATUSTL (c and d) in growing seasons 1 and 2 respectively
in response to plant densities and TE rates.
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Normally, the efects on yield components and/or  The increase in plant density reduced the 1000-grain

grain yield in wheat and rice are associated witmass, regardless of the growing season and hybrid (Figu-
modifications in the plant morphology caused by thee 4). The reduction in grain mass due to increased plant
product, in particular changes in plant height and leafensity confirms the findings of Sangaial.(2009) and
architecture (Arfet al., 2012;Alvarez et al., 2012; Lanaetal.(2014).

Espindulaet al.,2009; Espindulat al.,2010). In this The effect of TE on 1000-grain mass varied according
way, it is assumed thaTE application induced tothe maize hybrid. The 1000-grain mass of hybrid 2B710
morphological alterations in maize plants that optimizeHX declined under increasing TE rates, regardless of the
the exploitation of light incidence on the canppygrowing season (Figures 4a and 4b). The increase in TE
increasing the production of photoassimilates, favoringates possibly reduced leaf area and plant height (stem),
mainly the development of ovules at the tips of the earspnsequently reducing the quantity of assimilates for grain
which increased the number of grains per row and efilting, as observed similarly for wheat by Espindetal.

length. (2009) and Espindulet al.(2011).

(a) (b)
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Y = 45,324-0,2551"P+0,0062" TE+0,8830e 3"P2 R2=0,87 Y = 44,418-0,2094*P+0,6115e>'P? R?=0,88

(c) (d)
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Y = 32,572+0,0054*TE-0,3184e3"P2 R? =081 Y = 32,234-0,0518"P+0,0030°TE R?=0,77

Figure 3: Number of grains per row of maize hybrids 2B710 HX (a and b) aA@ 33 TL (c and d) in the growing seasons 1 and
2 respectivelyin response to plant densities arte rates.
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No effect of TE on 1000-grain mass was observed in Regarding ear length and the number of grains per
hybrid STATUSTL, in growing season 1 (Figure 4c). Inrow, the use of growth regulatdiE possibly promoted
growing season 2, a quadratic increase in 1000-grain madsnges in the plant morphology particular in terms of
was observed in response to TE applications, and thint height and architecture, resulting in a greater
rate of 310 g a.i. hawas related to the highest value (6.8&ccumulation of photoassimilates in grains and a higher
g) (Figure 4d). For the same hybrid, a similar result wak000-grain mass.
observed by Zagonel & Ferreira (2013), but the highest The grain yield of hybrid 2B710 HX was influenced by
1000-grain mass was obtained at a rate of 272 g &.iAha both factors studied, with independent effects of plant
quadratic increase in 1000-grain mass in wheat in resportsnsity and TE rates in both growing seasons (Figure 5a
to the increase in TE rates was reported by Espiretulaand 5b).
al. (2011), who explained this increase by a reduction in The increase in plant density increased the grain yield

plant lodging. quadratically; in the absence of TE, yields were highest

(a) (b)

(6) ssew welb puesnoyL

(6) ssew uiesb puesnoyl

Y = 374,71-1,158"P+0,003"P2+0,950e**TE2-0,001*(P*TE) R2=0,90 Y = 322,93-0,4383"P-0,0283"TE R?=0,76

(c) (d)

(6) ssew uiesb puesnouL
(6) ssew uiesb puesnoul

Y = 366,02-0,0042"P2 R?=0,88 Y = 331,42-0,9674e3*P2+0,0444*TE-0,7153e+"TE? Rz =071

Figure 4: Thousand grain mass of maize hybrids 2B710 HX (a and b) aktUSTL (c and d) in the growing seasons 1 and 2
respectivelyin response to plant densities artel rates.
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(11,857.7 and 11,712.5 kghat densities of 93.4 and 87.1yield per unit area increases linearly with the increase in
thousand plants hain growing seasons 1 and 2,plant densityup to a point called “critical”. However
respectivelyThus, highest yields were obtained at planabove the critical population level, due to the competition
densities exceeding the recommended by the holder of thistween the maize plants, the yield per plant decreases
hybrid (65 thousand plantsHain both growing seasons. and grain yield per area has a quadratic adjustmént.
These results demonstrate that plant densities above tlemsities above this point of maximum production per area,
recommended range are possible, as long as tthe loss of individual production is greater than the gain
edaphoclimatic conditions are favorable and the cultivatiomith increase of plants per area, promoting a reduction in
practices are adequate as discussédsbgfeet al.(2018).  grain yield per hectare.
The response in grain yield to higher plant densities For hybrid 2B710, distinct responses in grain yield

confirms results published elsewhere (Kapmted.,2011; were observed in the two growing seasons in relation to
Sangokt al.,2013).According to the above authors, grainTE application. In growing season 1, the growth regulator
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Figure5: Grain yield of maize hybrids 2B710 HX (a and b) anABJISTL (c and d) in growing seasons 1 and 2 respectiirely
response to plant densities and TE rates.
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induced a quadratic increase, with a maximum incremehfand, in spite of a quadratic response, the point of highest
0f 329.7 kg hd at a rate of 176 g a.i. BAaregardless of the yield (critical point) was not achieved with the plant
plant density (Figure 6a). Howevyéar growing season 2, densities studied here (Figure 5d).
TE reduced the grain yield, reaching 448.0 kg &icthe The yield response to a higher plant density in
highest rate (Figure 5bA reduction in grain yield in growing season 1 confirmed the observation for hybrid
response to TE application was also reported for upla2@8710 HX, as well as other studies evaluating the same
rice byAlvarezet al.(2012) andhlvarezet al.(2014) and cause of variation (Kappesal.,2011; Sangcét al.,2013).
in wheat by Contrerast al.(2012). The quadratic response of grain yield to a higher plant
Possible morphological changes caused by Té&ensity in maize is frequent, howeyiersome cases, due
application in growing season 1 on plant height and etw the peculiarity of the genotype -environment
insertion height, leaf area index, leaf length, leaf widthnteraction, the yield can be increased according to the
leaf angle, and arrangement of maize leaves improved tinerease in the plant population without reaching the
exploitation of the incident solar radiation, favoringeritical yield, as observed in growing season 2 and in a
photoassimilate production, raising grain yields. Extensiv&udy of Kappest al.(2011).
studies in the literature report the same pattern of Inboth growing seasons, the population that produced
increased grain yield in response to TE applications the highest grain yield was higher than the population
rice, oat and wheat (Espindwtal.,2009; Nascimentet recommended by the holder of hybrid AUS TL
al.,2009; Espindulet al.,2011;Arf et al.,2012). (Syngentd), i.e., 70 thousand plantshdhe results show
The difference in the hybrid response between thbat the genotype - environment interaction in both
two growing seasons was possibly due to the interactiseasons had a favorable setting for grain yield at higher
between the factors studied and the climate factors jant densities.
each growing seasorccording to Penckowski & Due to the significant interaction between plant
Fernandes (2010), the response in wheat to TE applicatidensity and TE rate, the plant density for the highest grain
is directly linked to aspects such as soil texture, fertilityield (critical point) was changed according to the year of
level and meteorological conditions. cultivation, where TE accounted for increases in grain
Most likely, the absence of pluvial precipitation inyield in both growing seasons.
growing season 2, in the period between January 29 andIn growing season 1, the highest yield of hybrid
February 27 (Figure 1a), may have affected the responseSGATUS TL was obtained at a density of 92.2 thousand
hybrid 2B710 HX to th@E ratesAccording to Radietal.  plants hd combined with TE rates of 251.0 g a.i.*ha
(2003), the water demand of maize in this period (stages B&responding to 11,731.6 kghd his new critical point
and R4) is approximately 150 mm, while within a period of 3Besulted in a 506 kg Hehigher yield than the maximum
days, only 10.1 mm rain was registered. The lack of watgield observed in the absence of TE (84 thousand plants
available to plants in this period coincided with the phasés?*) (Figure 5c).
of grain development and filling, during which cell division/  In growing season 2, based on the increases induced
expansion and starch accumulation in maize grains ocdwy TE application, the plant density related to the highest
with greater intensitythus compromising the grain yield was reduced to 99.0 thousand plantsdssociated
development and the response of the hybrid to TE. Theth a TE rate of 157.5 g a.i. Bgroviding a grain yield of
same influence of water stress on the yield response 1f,032.1 kg hd i.e. 343.2 kg hahigher than the yield
hybrid 2B710 HX to TE rates is reflected in the yieldwvithout TE (Figure 5d).
components, where a reduction in 1000-grain mass and aAside from the positive effect of TE application on
lack of response in the other components was stated.drain yield of hybrid SATUS TL, it was observed that
fact, the application of TE to wheat is not recommended imder normal rainfall conditions (growing season 1), TE
case of drought occurrence during crop development. promoted a greater increase in yield when related to higher
For the grain yield of hybrid S\TUSTL, a significant plant densities (Figure 1a). Howewaue to the occurrence
interaction was observed between the factors plaofwater stress in growing season 2, the highest increases
densities and TE rates (Figure 5). were observed when associated with smaller populations
In relation to the increase in plant densiyyeld (Figure 1b).
responded quadratically in both growing seasons. Possible changes in the plant morphology in response
However in the absence ofE, the highest yield of to TE application reduced the negative effects of high
growing season 1 was obtained at a density of 84plant densities, optimizing the exploitation of incident solar
thousand plants Hawhich produced 11,225 kg héi- radiation, increasing maize ear length, number of grains
gure 5¢). In growing season 2, the highest yield (9,689 kgr row and 1000-grain mass, increasing the grain yield of
hat) was obtained at a density of 120 thousand plants e studied hybridsA similar result was described for
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wheat by Nascimentet al. (2009), where the authors CONCL USIONS
obtained a reduction in plant height and lodging, which - 6 increase in plant density increases the number of

resulted in more compact plants with improved transpogh, s her hectare but reduces ear length, number of grains

of photoassimilates to the grains, increasing the lOOB'er row and 1000-grain mass, without changing the
grain mass, hectoliter mass and grain yield. number of grain rows per ear

According to Zagonel & Ferreira (2013), the response

: . Growth regulator TE increases maize ear length and
of maize to TE application is not frequently observed and : .
. . . . number of grains per row and reduces 1000-grain mass,
varies according to factors such as climate, cultize

and application time. This statement is confirmed by rgalnly under favorable cultivation conditions.

comparison with the results of those authors and our,study 1finexapac-ethylinteracts with plant densityanging

in which the former observed no effect of TE rates an#l€ maize yield components with increasing grain yield,
application times on hybrid $TUSTL, contrary to our with gains varying according to the environment and
results. characteristics of the cultivar

The effects of plant density and TE rates were more
beneficial for cultivation in growing season 1, due to th@‘CK NOWLEDGEMENTS, FINANCIAL

better rainfall conditions that favored the yield perforSU PPORT AND FULL DISCLOSURE
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reduced by increasing TE rates, although the growHuggestions that greatly improved the quality of the

regulator induced increases in most yield componentsanuscript.
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