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ABSTRACT

Soybean tolerance to defoliation may beeted by population densjtgs the plant population interferes with the
crop leaf area index . This study aimed to evaluate the effect of defoliation at the beginning of pod formation on the
agronomic performance of soybean at different plant densities. The experiment was conducted under field conditions
in Campos Novos, SC, Brazil, during 2016/2017 and 2017/2018 growing season. The experimental design was a randomized
block in a split-plot arrangement. The main plot consisted of three densities (100,000, 300,000, and 500,009 plants ha
whereas the subplots consisted of the cultivar NA 5909 RG submitted to five defoliation levels (0, 16.6, 33.3, 50, and
66.6%). Grain yield ranged from 4,219 to 5,356 k§ihdahe 2016/2017 growing season and 3,732 to 5,186kig tize
2017/2018 growing season. Plant density did not interfere with the grain yield response to defoliation performed at the
beginning of pod formation. The 16.6% defoliation increase grain yield by 7.5 and 5.6% relative to the control in 2016/
2017 and 2017/2018 growing seasons, respectiValy soybean tolerate defoliation of up to 33.3% at R3 with no
significant decrease in grain yield, regardless of the plant density

Keywords:Glycinemax leaf area; seeding rates; grain yield.

INTRODUCTION high precision of seed didi) and the small effect of the

The increase in soybeafslgcine max production population on grain yield due to the high morphological
evolved in parallel with the conditions that provided higtplasticity of the soybean crop (Faritsal, 2007).
yields. Breeding programs seek to develop cultivars that The intraspecific competition for watewutrients, and
are more efficient in the use of resources and molight is smaller at low densities and the plant emits more
productive. They promoted morphological and physiold2ranches and leaves (Cretzal, 2016). On the other hand,
gical changes in the characteristics of the cultivaréhe stresses caused by biotic or abiotic factors at sub-
selecting genotypes with high photosynthetic capacitpptimal densities can cause high damage to grain yield
low leaf area index (LAI), and indeterminate growth hab#ue to the lower LAl of the crop, providing it less capacity
(Jinet al, 2010; Liuet al, 2008). to mitigate the negative effect (Tissot & Zotis, 2015).

In addition to the breeding alterations, management At high densities, shaded leaves may not contribute
practices have also changed and evolved. In the ldstthe photosynthesis of the canpggnescing earlier
century the recommended population density in soybeaand being more susceptible to diseases (Luca & Hungria,
plantations was 400,000 plants*i&ochaet al, 2018). 2014). In addition, the lack of light penetration into the
Currently the recommended population ranges fronower layers of the canopy can reduce photosynthesis.
250,000 to 300,000 plantsh@ndicagdes Técnicas, 2019). Supra-optimal densities also increase the cost of
Therefore, there was a decrease in sowing density duartgplementing the crop field and favor plant lodging (Sou-
the better physiological seed qualityigh seed costs, zaetal., 2010).
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Soybean growth habits can also influence the resporiBécnicas, 2019) for the reproductive stage, 33.3%
to population densityZanonet al.(2015a) observed that represented the EIL proposed by Soybean Guide (In-
the LAI contribution from the branches to the total LAl ofdicac8es Técnicas, 2019) for the vegetative stage, and
the plant is low in cultivars with indeterminate growth60 and 66, 6% represented values above the EIL at
habits, allowing less tolerance to lower populatiomny crop development stage. Defoliation was perfor
densities. med when the crop was at the R3 stage (beginning of

Changes in the characteristics of the currently usgubd formation) of the scale proposed by Ritctial.
cultivars, which have a predominant early cycle and g1982). Defoliation was performed cutting the leaves
indeterminate growth habit, is one of the factors that molsingitudinally with scissors, according to the
contribute to the low adoption of integrated pestefoliation level (Figure 1). Each subplot was
management (Buergt al, 2012), generating insecurity composed of five rows of 6 m long and inter-row
for farmers and technicians regarding the effectivenespacing of 0.45 cm.
of the currently proposed economic injury levels (EIL). The experiments were set with a seed drill on December
Modern cultivars may be more sensitive to defoliatio®, 2016, and December 4, 2017, in the first and second
than older cultivars due to their smaller leaf area, shortgrowing seasons, respectivelyhey were carried out
cycle, and higher production potential. These charactender the no-tillage system. The fertilization of the expe-
ristics can be accentuated by the lower density of planisental area consisted of the application of 420 Kgofia
currently used in the field. the NPK formulation 4—24-18. The cultivar used was NA

This study was carried out based on the hypothe$909 RGwhich belongs to the maturation group 5.9 and
that plant density interferes with soybean tolerance ttas an indeterminate growth habdtt the time of
defoliation, which is smaller under low plant populationsimplementation of the experiment, it was the most
The experiment aimed to evaluate the effect of defoliaticrultivated and of importance in the region. Its seeds were
at the beginning of pod formation on the agronomitreated with thiamethoxam (Crui$gat the dose of 3 mL
performance of soybean at different plant densities. kg? of seeds, metalaxyl + thiabendazole + fludioxonil

(Maxim Advanced) at the dose of 1 mkg*! of seeds,
MATERIAL AND METHODS and inoculant (Masterfix L) at the dose of 3 mLlaf

The experiment was set in Campos Novos, State séeds.

Santa Catarina, in the south of Brazil, during the 2016/ Thinning to adjust populations according to the
2017 and 2017/2018 crop seasons. The geographieatment was carried out when the plants reached the
coordinates of the location are 27°372 S and 51862 V1 stage. Pest control was performed using 0.5 miL L
with an altitude of 930 m. of lambda-cyhalothrin + chlorantraniliprole (Amplito

The soil of the experimental area is classified as d@n2 ml L of profenofos + lufenuron (Curydij and 1
Oxisol (Latossol&/ermelho, Brazilian Soil Classification mL L of thiamethoxam + lambda-cyhalothrin (Engeo
System) (Embrapa, 2006). The results of the soil analyst$end). Disease control was performed with the
carried out in September 2016 showed the followingpplication of 1 g £t of azoxystrobin + benzovinttiipyr
characteristics at a depth of 0—20 cm: 550 §dfclay,  (Elatu$) and 2.6 mL E of trifloxystrobin + prothioce
5.2 of pH in water61.4 mg dnt of B 329 mg dnfof K, nazole (Fof). Preventive application of insecticides and
56 g kg' of organic matter6.1 cmo| dm?® of Ca, 1.5 fungicides was carried out from the V5 stage, with
cmol_dm? of Mg, 0.4 cmoldm?® of Al, and 25.0 cmqgl  sequential applications every 14 days, alternating the
dm? of CEC. The experimental area was under rotatigoroducts to prevent pests and diseases from affecting
with corn Zea may}p and succession with black oatthe crop leaf area.

(Avena sativa The leaf area was determined by measuring the

The experimental design was a randomized blodkngth and the largest width of the central leaflet of
in a split-plot arrangement, with three replications pegach trifoliate leaf of the plant and applying the equation
treatment. The main plot consisted of three populatiqgoroposed by Richteet al. (2014):LA =a x (L x W),
densities equivalent to 100,000 (sub-optimal densityyvhereL A is the leaf area (fiy L is the leaf length (m}V
300,000 (recommended density), and 500,000 planitsthe largest leaf width (m,is the angular coefficient
ha! (supra-optimal density). Subplots consisted of fiv€2.0185). The sum of the leaf area of all leaves of the
defoliation levels, equivalent to 0, 16.6, 33.3, 50, anplant determined the leaf area per individual. The leaf
66.6% of the leaf area presented by the crop ateaindex (LAI) was obtained by dividing the leaf area
defoliation time. The 0% level was the control, 16.6%y the soil surface occupied by the plant at each
level represented the EIL currently proposed bgensity The first LAl evaluation was carried out at the
Brazilian Soybean Field Production Guide (IndicacdeR3 stage before defoliation and the second evaluation
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at the R5 stage (beginning of grain filling) of the scalRESULTSAND DISCUSSION

of Ritchie et al. (1982). The leaf expansion was A gjgnificant effect of plant density on the LAI of the
determined by the LAl difference between stages R3q, 4t R3, before defoliation, was detected at both sowing
and R5. . _ _ seasons (@ble 1) The highest absolute LAl values were

Harvest was carried out épril 13, 2017, and\pril  ohiained at the supra-optimal density of 500,000 plants
20, 2018, in the first and second crop seasons, respeglia anq the lowest values were found at the sub-optimal
vely. After harvesting, the pods were threshed and thg, ity of 100,000 plants faSimilar results were found
grains were dried in an oven at 60 °C until a constant M3$$ Balbinot Janioet al. (2016) and Crugt al. (2016),
was obtained. Subsequentgrain yield was calculated demonstrating that LAl increased as plant density
and expressed at 13% moisture. increased.

The precipitation and temperature values during the Tpe crop LAl at R5 was affected by the main effects of
soybean development stages in the 2016/2017 and 204t density and defoliation level. In the first crop season,
2018 crop seasons were obtained at the meteorologig@laiments with the density of 100,000 plantssteowed
station of thégricultural Research and Rural Extensiory |ower LAl value than treatments with other densities,
Company of Santa Catarina (Epagri), located 10 km frophich showed no significant difference from each other
the experimental area. (Table 2). In the second season, the LAI value at the

The data were subjected to analysis of variance usig@nsity of 100,000 plants fivas lower than at the density
the F-test. The F values for the main effects angk 500,000 plants Hawhile the density of 300,000 plants
interactions were considered significant at the 5%zt did not differ from the other populations.
significance level (P < 0.05). When statistical significance The LAl showed a quadratic response to defoliation
was reached by the F-test, the means of the plant dengjfyhe beginning of grain filling (Figure 2). Plants submitted
factor were compared by the t-test and the defoliatiag defoliation higher than 33.3% showed no recovery of
levels factor by polynomial regression. Both comparisongeijr LAI until stage R5 (characterized by the end of leaf
were carried out at the 5% significance level. emission for cultivars with indeterminate growth habits)

0% Defoliation 16.6% Defoliation 33.3% Defoliation

50% Defoliation 66.6% Defoliation

Figure 1: Defoliation levels imposed on each soybean trifoliate leaf at R3 (begining of pod formation) according to the scale by
Ritchieet al.(1982).
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in the first season (Figure 2a). In the second season, fbenew nodes, internodes and leaves (Zaa@h, 2018).
decrease in LAl occurred from treatments with 16.6%ccording Durliet al. (2020) similar results confirming
defoliation, on the average of the three plant densiti¢isat soybean defoliation in the vegetative phase make
(Figure 2b). the plants regrowth and expanding LAI, lnat signifi-

The critical LAl value at the beginning of grain filling cative regrowth are observed on reproductive phases.
is 3.5 (Zanoret al, 2018). This is the LAl required forthe ~ The control with no defoliation showed higher
interception of 95% of the incident solar radiationsenescence than leaf expansion between the beginning
Tagliapietraet al. (2018) reported that cultivars with anof pod formation and grain filling, as the LAl expansion
indeterminate growth habit need a minimum LAI of 3.4 tvalue from R3 to R5 was negative. This behavior was due
achieve high yields (above 4 tHaThe data infable 2 to the low penetration of light in the canopyhich
show that the LAI value proposed bggliapietraet al. increases the senescence of leaves located in the lower
(2018) to obtain high productivity was achieved at all plarthird of the plant (Zanoet al, 2015b). The LAI expansion
populations, except for the density of 100,000 plants haalues from treatments with defoliation showed little
in the 2016/2017 crop season. The LAl values obtainedariation, regardless of the percentage of leaf area removed.
the beginning of grain filling were higher than 3.5, withThis demonstrates that the soybean plant showed no
defoliation of up to 33.3%, regardless of the plant densitapacity to emit higher LAl in treatments with higher
(Figure 2). defoliation injury to mitigate the highest losses of leaf

The LAI expansion was not affected by the planarea. This result differs from the data found by Fontoura
population.Although under low densities the soybearet al.(2006) and Souzzt al.(2014), who observed recovery
crop has higher LAI expansion and branch emissioof the leaf area through leaf expansion in treatments
capacity (Buchlinget al, 2017), this ability to regenerate subjected to higher injury levels.
the leaf area at the lowest density between stages R3 andGrain yield ranged from 4,219 to 5,356 kg'lathe
R5 was not evidenced in the present stuelgardless of 2016/2017 growing season and from 3,732 to 5,186 kg ha
the crop season and defoliation level. 1in the 2017/2018 growing season, depending on the

On the other hand, the defoliation level showed defoliation level and population densifjhe average
significant effect on LAl expansion between R3 and RJrain yields were 4,760 and 4,486 kd irathe 2016/2017
The variable had a quadratic behavior in both croand 2017/2018 growing seasons, respectively.8%
seasons. Treatments with no defoliation showed ledecrease in grain yield was observed from the first to the
expansion compared to treatments with other defoliatiaecond growing season. It possibly occurred due to the
levels (Figure 3). This fact were verified due, in cultivaramount and distribution of rainfall. The 2016/2017
of indeterminate habit, stop the apical meristem growtrowing season showed abundant and well-distributed

Table1: Leaf area index (LAI) of soybean at three plant densities before defoliation in R3. Campos Novos, SC, 2016/2017 and 2017/
2018

Plant density (pl hg

100,000 300,000 500,000 CV%
LALin 2016/2017

3.90b 5.63a 6.26 a* 12.35
IAF em 2017/2018

4.88b 5.39 ab 5.82a 10.53

* Averages followed by the same lower case letter in the row do fiet siignificantly by the t test at the 5% probability level<{R.05).

Table 2: Leaf area index (LAI) of soybean in R5 at three plant densities, on the average of five defoliation levels in R3. Campos
Novos, SC, 2016/2017 and 2017/2018

Plant density (pl h§

100,000 300,000 500,000 CV %
LAl in 2016/2017

3.19b 4.39a 4.84 a* 12.62
LAl in 2017/2018

3.88b 4.13 ab 450a 9.75

* Averages followed by the same lower case letter in the row do fiet significantly by the t test at the 5% probability level<{P.05).
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rainfall, totaling 816 mm over the crop cycle. In the 2017he rains were well distributed throughout the crop
2018 growing season, rainfall was lowsraching 597 cycle, a fact that was not observed in the 2017/2018
mm. It also had an uneven distribution, with a dry periogrowing season. These results confirm the low soybean
between 60 and 80 days after sowing, which coincidedsponse to variations in plant density reported by
with the end of flowering and the beginning of podalbinot Juniowet al.(2015) and Buchlingt al.(2017)
formation. under favorable weather conditions during the crop
Plant density did not significantly affect grain yieldcycle. It is due to the high phenotypic plasticity of the
during the 2016/2017 growing seasoalfle 3). In the soybean crop, which allows changing its morphology
2017/2018 growing season, treatments with a densiand yield components, adapting them to the conditions
of 500,000 plants hasshowed lower grain yield than in imposed by the plant arrangement and enabling the
the other densities. The higher stability of grain yiel#naintenance of grain yield in a wide range of density
in the 2016/2017 growing season was probalby due @n the other hand, a decrease in the yield of 524 and
the weather conditions. In the first growing seaso®76 kg ha was observed in the second year of study at
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Figure 2: Leaf area index in R5 of soybean under differenR5 under different defoliation levels in R3, on the average of
defoliation levels in R3, on the average of three plant densitigbree plant densities. Campos Novos, SC, 2016/2017 (a) and
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(b). Bars indicate the treatment average +* the standard error * the standard error
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the supra-optimal density of 500,000 plantst,haa maximum theoretical yield calculated from the quadratic

comparison with the densities of 100,000 and 300,0@uations adjusted to the data were achieved with
plants ha, respectivelyThe increase in plant density percentages of defoliation of 16.4 and 14.7% in the 2016/
enhances the intraspecific competition for environmer2017 and 2017/2018 growing seasons, respectieiin

tal resources, such as light, watand nutrients, yield showed no significant decrease with defoliation of

decreasing the crop yield potential under conditiongp to 33.3%, on the average of the three plant densities.
of water restriction (Zanoet al., 2018). This value is above the EIL of 15% currently proposed by

In both growing seasons, the main effect of defoliatioBoybean Guide (Indicac6es Técnicas, 2019) for the
level affected grain yield, on the average of the threeproductive stage of the soybean crop in southern Brazil
densities. Grain yield showed a quadratic response to the basis to leaf area damaged by insects..
increase in the removed leaf area at R3 (Figure 4). Defoliation below 20% often does not decrease
Treatments with 16.6% defoliation showed higher absolut®ybean productivity due to an increase in photosynthe-
values of grain yield in both growing seasons. Th#c efficiency caused by the higher light penetration into

the lower plant layers (Dioget al, 1997). Light
penetration into the canopy may be more important than
5400 — the total LAI for soybean tolerance to defoliation (Haile
a) et al, 1998). Thus, moderate losses of leaf area can
{ increase grain yield, as found in the present stiidg
negative leaf expansion recorded in the control between
5000 R3 and R5 (Figure 3) corroborates this behadosteet
al. (2003) and Oweat al.(2013) evaluated the response
4800 of soybean to defoliation at R3 and observed no decrease
in grain yield with moderate defoliation of 15 to 30%.
o The indeterminate growth habit of the cultivar NA 5909
RG and the high soil fertility of the experimental area
associated with fertilization high level can also be related
to the positive effect of the moderate defoliation (16.6%)
on light penetration, pod fixation, and grain yield, as they
® Densiticsmenn ‘y=4732¥8.80x;0.27x“ Re=076 increase soybean plasticiultivars with an indetermi-
o ‘ ‘ [ l , nate growth habit have a longer period of transition
0,0 16,6 333 50,0 66,6  between the vegetative and reproductive stages, which
gives them a higher ability to recover from short periods
of stress (Zanoat al, 2015a).

During the two years of studhere was no significant
5200 effect of the interaction between plant density and
defoliation level on grain yield. The main hypothesis of
the study was that grain yield at a sub-optimal density
4800 would suffer a higher decrease with defoliation due to a
reduction of the crop LAI, compromising its ability to
intercept solar radiation. This hypothesis was not
4400 confirmed, as the grain yield at a density of 100,000 plants
ha! was not lower than the grain yield achieved in the
other treatments, regardless of the defoliation levelsléT
4000; - 3). Even with an LAl value below the critical in the first
growing season @ble 2), the average of treatments with
3800 1 @ Densitiesmean y=4710+9.09x-0.31x* R*=0.93 100,000 plants heshowed grain yield with values above
5806 | ‘ ‘ . . 4,500 kg ha. Mateiet al.(2017) reported the high stability

0.0 16.6 333 50,0 6.6 and adaptability of the cultivar NA 5909 RG under
Defoliation (%) different plant arrange_ments. This behavior cprroborates
the results observed in the present stitiywing that

Figure 4: Grain yield of soybean under different del‘oliationthis cultivar can reach high vield potentials even when
levels in R3, on the average of three plant densities. Campos ghy P

Novos, SC, 2016/2017 (a) and 2017/2018 growing season (Bgfoliated and subjected to a sub-optimal density of
Bars indicate the treatment average + the standard error 100,000 plants ha

5200

Grain yield (kg ha™)

4400

4200

Defoliation (%)
5400 b)

5000 —

4600 —

Grain yield (kg ha™)

4200
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Table 3: Grain yield of soybean at three plant densities, on the average of five defoliation levels in R3. Campos Novos, SC, 2016/
2017 and 2017/2018

Plant density (pl h3

100,000 300,000 500,000 CV%
Grain yield (kg hd) in 2016/2017

4,848 ns 4,760 4,701 6.90
Grain yield (kg h&) in 2017/2018

4,677 a* 4,629 a 4,153 b 7.10

* Averages followed by the same lower case letter in the row do fiet significantly by the t test at the 5% probability level<{®.05).
ns — differences not significant among averages in the row at the 5% probability level.

CONCLUSIONS BuenoAF, PanizziAR, Corréa-Ferreira BS, Himhann-Campo CB,
Sasa-Gomez DR, Gazzoni DL, Hirose E, MoscardCérso IC,
Plant density did not interfere with grain yield response oOliveira LJ & Roggia S (2012) Histérico e evolugdo do manejo
of the soybean to defoliation at the beginning of pod integrado de pragas da soja no Brasil. In: Hoffmann-Campo BC,
formation Corréa-Ferreira BS & Moscardi F (Eds.) Soja: Manejo integrado
! de insetos e outros artrépodes-praga. Brasilia, Embrapa. p.37-
The 16.6% defoliation increase grain yield of the 74.

soybean relative to the non-defoliation (control). Costa MA, Balardin RS, Costa EC, Griitzmachgr & Silva MTB

o (2003) Niveis de desfolha na fase reprodutiva da sojd)eepar
Th? Soybea_n tF)l.erates defollatloq OT up to _33'3_)% at 14, sobre dois sistemas de cultivo. Ciéncia Rural, 33:813-819.
R3, with no significant decrease in its grain yield
. Cruz SCS, Sena DGJ, Santos DMA, Lunezzo LO & Machado LO
regardless of the plant denS|ty (2016) Cultivo de soja sob diferentes densidades de semeadura e
arranjos espaciais. Revista Agricultura Neotropical, 3:01-06.
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