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Hole spacing in soybean hill drop sowing
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ABSTRACT

The aim of this study was to evaluate the development, yield and its components of soybean sown in hill drop
method with variation in hole spacing, compared to the conventional sowing method iff ieesxperiment was
conducted in a randomized block design, with six treatments and four replications, using the variety M7739 RR IPRO
with four plans per hole. The treatments consisted of population variation from 50 to 150% of the recommended one,
obtained by the holes spacing alteration and a control sowed in lines with the recommended population. The control
was compared to the other treatments using the Dunnett test and the hole spacing effect was evaluated by regression.
The cultivar 7739 RR IPRO responds to hill drop sowing, obtaining even in lower populations, yields similar to the
conventional sowing in lines. The highest yields in the hill drop sowing method are obtained in the higher populations,
with a linear decrease in yield with an increase in hole spacing. Increasing hole spacing increases the number of pods
and branches and reduces leaf cplight interceptcion, plant height and first pod height.

Keywords: space arrangement; population dens#lycine max.

INTRODUCTION Intense esearch activity is noted on soybean crop to

Soybean is one of the main products in the world arfptain information that can allow yield increases and costs
in Brazil, in the 2019/2020 seasdhe cultivated area was reduction (Barbosat al, 2013). It is important to note

over 36.8 million hectares and the production estimatetgat the crop yield depends not only on good management

124.8 million tons (CONAB, 2020) being considered th ractices, byt also gn their interaction with the plant and
. . . the production environment (Mauad al, 2010). The
main agricultural crop in the countrin a study of

historical series from the 1976/1977 season, CONAB (201S7E¥.bean has h|gh phenotypic plasupit}at IS, it has the _
ability to modify its morphological components to suit

found that in the first two decades, the yield increase Waitterent conditions of the production environment, which

respon5|ble for the ga!ns n natpnal production. HOV\‘evel”acilitates modifying the arrangement of plants in the field
in the rest of the period, the yield showed less growtiiraget a1, 2000). So, in order to obtain better yields, it is
with the cultivated area being multiplied by ten Wh”enecessary to study factors as the plant arrangement,
productivity increased only about 50%. In the maifyhich can be manipulated through changes in sowing
soybean producing centers, Unitéd8s, Brazil anér-  gensity spacing between lines and plants distribution in
gentina, the value of 3 thousand kg hepresents a level the lines (Braleset al, 2014) According to Balenat al

of average yield beyond which it is not possible t92016) changes related to plant population can increase
advance significantlyAlso according to this studyhe yield gains. This effect can be attributed to the plants
prospects for soybean yield in the future depend on tkgatial distribution in the area, in order to minimize
disruption and leverage of the current productive balaintraspecific competition and maximize the environmental
ce, since the potential for soybean yield is still far fromesources use represented by wdtght and nutrients
being reached in large produgicenters. (BalbinotJunioret al,, 2015).
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Another aspect influenced by the plant arrangement The experimental unit consisted of five lines, spaced
is the diseases occurrence. Knediadl. (2006) observed 0.45 m, 10 m long. For data collection, the three central
that end-of-cycle diseases can be influenced by the spatiaks of 6 m in length were used.
arrangement of soybeans, with less severity in lesser Soybean sowing was carried out on November 6, 2017,
density Madalosset al. (2010) report that the reduction using a tractor sowing machine equipped with a horizon-
of the soybeans line spacing facilitated &san rust tal disk suitable for group sowing, in which, for each hole
establishment and reduced contrdiaéncy. four seeds are distributed. The control (T6) was sown in

Seeking improvements in cultural practices anthe same day with a traditional horizontal disc row seeder
soybean yield gains some seedling disc manufacturekB treatments received the dose of 444 kg bthe NPK
and farmers have tested the soybean seeds distributiormula 02-20-18 superfically apllied before soybean
in a grouped arrange, usually three to four seeds everys#eding. No lime was applied.
to 40 cm (Santost al, 2018) According to Serraglio & For weed control, dissication was done with 3.51 ha
Simonetti (2017) grouped sowing emerges as an alternativef the herbicide Glifosaté\tanor® 48 (356 g L
to improve sunlight use, as it gives more space to plan@lyphosate acid equivalent) ten days before sowing and
including the lower leaves, which are ineffective in théwo post emergency applications, the first 14 days after
conventional spatial arrangements. emergency (DAE) with 2.5 L Heof herbicide Glifosato

This work hypothesis is that the soybean plant&tanor® 48 and the second 21 DAE with 0.5 | fvd
spatial arrangement modification in the hill drop sowingsallant® (Haloxifop-P-methyl 124.7 g1. Three
will cause changes in light availabiljitwith a greater insecticide application: 0.15 L Raf Jackpot® 50 EC
incidence in the plant lower portions. This will causéLambda-Cyhalothrin 50 g1 14 DAE; 0.2 L ha& of
changes in the plarg’morphology with greater Intrepid® 240 SC (Methoxyfenozide 240 g).+ 0.13 L
branching and number of nodes, promoting yield gairtsa®of Mustang 350 EC (Zeta-Cypermethrin 3504 81
even in lower populations. Given the above, this researBlAE and 0.4 Lha® of Talisma® (Bifenthrin 50 g Lt e
objective was to evaluate the development, yield and i@arbosulfan 150 g £) 54 DAE. Two fungicide
components of a soybean cultivar sown with variatioapplication/Aproach® prima (Picoxystrobin 200 gtle
in hole spacing, compared to conventional sowing i€iproconazole 80 g't), dose of 0.3 L h&d31 DAE and
rows. 0.24 L ha of Opera® (Pyraclostrobin 133 glle

Epoxiconazole 50 g°'t) 54 DAE. 0.5 L ha of adjuvant
MATERIAL AND METHODS Nimbus® (mineral oil 428 g £) in insecticide and

The work was conducted in the 2017/2018 seasduongicide applications.
in the Regional Jatai of the Universidade Federal de The percentage of area covered by leaves was obtained
Goiés experimental field located in the municipality othrough the processing of images captured by a camera
Jatai. The experimental area is located at thmositioned one and a half meters above the ground. Three
coordinates: 17° 55’325 and 51° 422" W and 685 m images were obtained from each plot, with a resolution of
altitude. The region climate, presents two well-define8 MPixels, 42 days after emergence (DAE). Image
seasons, dry (April-September) and rainy (Octobeprocessing was performed using the software SisCob (Jor-
March). Figure 1 shows the meteorological datge & Silva, 2009). For this, pixels representing each of the
measured during the period the experiment wadasses to be evaluated (soil, straw and soybean leaves)
conducted. The experimental area soil was classifiagere sampled. The spectral values of each class in several
as a Soilfaxonomy (oxisol), with contents of 490, 100images were used to reduce processing errors. These
and 410 g dm of clay, silt and sand, respectivelhe values were used by the software to classify each pixel of
soil attributes in the 0-20 cm layer were: pH (CCl the imagesAfter processing, the percentage of leaves in
5.0; C&" 2.5 cmo] dm®; Mg*: 1.2 cmo)] dm®, Al**: 0.2 each image was obtained, averaging the three images to
cmol, dm?; H+Al: 3.9 cmo| dm®; K*: 0.097 cmoldm?® P represent the value of the plot.

(Mehlich 1): 23 mg dmj; Cu: 3.2 mg dn3; Fe: 7 mg dnj; To obtain the intercepted radiation and the leaf area
Mn: 1.8 mg dnf; Zn: 0.6 mg dn; organic matter : 43.0 g index (LAI), aAccupar LP-80 ceptometer was used, which
dm? CTC: 7.03 cmgldm?®e V (%): 49. takes simultaneous readings, below and above the ganopy

Arandomized block design was used, with 6 treatments$ the photosynthetically active radiation by means of a
and four replications @ble 1).The cultivar choosen was sensor bar and a external senfbe equipment calculates
M7739 RR IPRO, which presents a 7.7 maturation groupffae radiation intercepted by difference and the LAI using
semi-determined growth habit, precocityigh yield internal equations. In each plot, three readings were taken
potential, high stabilitywide geographical adaptation andwith the ceptometer and the average represented the plot
excellent branching (Agro Bayer Brasil, 2021). value at 42 DAE.
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At the crop cycle end, the plants from the useful arday plants, which can favor the management of weeds and
were harvested and 10 of them were randomly separatédtk use of light, water and nutrients. The early shading of
to evaluate the number of pods per plant, number tie area by the rapid closing of the plant canopy is
branches per plant, grains per pod, height of the first padportant for its contribution to the chemical control of
and height of plantsAll plants were threshed and theweeds (Correia & Durigan, 2010). On the present work,
grain moisture determinedield in kilograms per hectare the HS of 44.44 cm promoted a soil cover similar to that
and the mass of a thousand grains, in grams, was calculatederved on the control, indicating that the group seeding
correcting the grain mass for the moisture of 13%. could be beneficial related to the items cited above, since

The data obtained were subjected to variance analyiie population is 25% lower compared to the control.
and the comparison of means by Dunsed#stThe efect  Heiffig et al (2006) observed that with greater spacing
of hole spacing was evaluated using regression analybetween soybean rows there was less soil coverage, which
choosing the curves by means of coefficients significancgrovided greater emergence, development and growth of
The software R (R Coréeam, 2020) and the packagesveeds, which, if not managed, could lead to reductions in
Multcomp (Hothorret al, 2008) and ExpDes.pt (Ferreiraagricultural yield. The authors also argued that, on the

etal, 2018) were used. other hand, this rapid closing between the lines creates
conditions of less air circulation and greater humijdity
RESULTSAND DISCUSSION which can favor the incidence of diseases.

It was observed that at 42 DAE the soybean sown in It was found that the intercepted radiation was
the hole spacing (HS) of 33.33 and 44.44 cm, did not diffenfluenced by HS, with 22.22 cm presenting high
from the control sown in line for the variable covered areiatercepted radiation when the HS of 44.44 and 66.67 cm
by leaves (@ble 2). Howevelin HS 22.22, 26.67 and 66.67 showing lower values when compared to the control. The
cm, the two smaller spacing promoted a larger coveréts of 26.67 cm did not differ to the control, showing that
area by leaves, while the larger HS resulted in smallére grouping seeding method allowed similar use of light,
values of this variable when compared to the controtven with a lower number of plants per hectare. This result
These results are directly related to the population, sinoeay be attributed to the soybean plants morphology
the reduced HS promotes higher number of plants pelhanges due to the grouped arrangement. Seuah
hectare Werneret al. (2018) also observed that the(2010),Tourino et al. (2002) and Balbinot Junicet al.
increase in sowing density provides greater soil covera¢2014) observed a reduction in ramifications with
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Figure 1: Precipitation (mm) and average temperature (°C) of the experimental area from November 2017 to March 2018.

Table 1: Treatments used to evaluate hole spacing in soybean crop and percentage of recommended population (% population),
number of holes per meter ( holes)mhole spacing (HS) and number of plants per hectare (plat)tslasai -GO, 2018

Trat Population (%) holes m* HS (cm) plants ha?
1 50 1.50 66.67 133,332
2 75 2.25 44.44 199,998
3 100 3.00 33.33 266,664
4 125 3.75 26.67 333,330
5 150 4.50 22.22 399,996
6 Line sowing 266,664
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reductions in spacing and/or increasing the population. It was found that the HS influenced the number of
In turn, Zanoret al. (2015) observed that the leaf aregpods per plant, number of branches per plant, first pod
index of the branches can reach 31% for cultivars witheight insertion, plant height, a thousand grains mass
determined growth habit, or 20.2% for that with arand yield (Rble 3).
indeterminate habit. Pettet al. (2016) points out that The treatments with HS of 44.44 and 66.67 cm, were
there is a greater photosynthetically active radiatiohigher compared to the control considering the number
interception in the highest crop densities up to 45 day$ pods and branches per plant, while for the smaller
after emergence, with no significant difference after thispacing (22.22 cm) the result of the number of pods was
period. The authors point out that in their work it wasower (Table 3).These results demonstrate the adaptive
evident the plants ability in the intermediate densities toehavior of this soybean variety that can compensate
compensate the radiation interception. lower populations increasing the yield components.
At 42 DAE, significant differences were noticed for allTourinoet al.(2002) also observed an increase in lateral
HS in relation to the control for the leaf area index, excepamifications with an spacing between row increase in,
for the HS of 33.33 cm that have the same population aftributing this effect to a compensation in the reduction
the control.The HS of 22.22 and 26.67 cm promoted a highefr spacing between plants in the planting line. On the
leaf area index, when the HS of 44.44 and 66.67 cother hand, Gibber¢t al. (2018) did not observe a
presented lower values compared to the control. Similarkeduction in the number of branches when testing the
Heiffig et al (2006) studying the soybean crop closureultivars Nidera 5909 and BMX Poder RR, with 8, 10, 12
and leaf area index in different spatial arrangementand 14 plants per meter in the 0.45 m spacing between
showed that the highest LAl were observed in the largdgtes. The conflicting results probably indicate diversity
population treatments. of response of cultivars to the spatial arrangement.
Considering the intercepted radiation and LA, the hole For the first pod height insertion, only the spacing of
sowing did not promote gains, as there was no differen66.67 cm differed from the control, with a lower height
between the control and the 33.33 cm HS, which is tli{§able 3). Howevethis reduction was not enough to impair
same population in a different arrangement. In other wordsechanized harvesting, since Menee¢sal. (2018)
the “boundary effect” was not observed in LAl at thisgecommend a minimum height of around 10 cm for this
stage, since the lower populations showed lower resultgperation in the soybean crop. The increase in plant height
Silva (2018) found that the plant population were morprovided by the 22.22 cm HS is due to the fact that with
determinant to the LAI than the soybean plantthe smaller HS there is a greater number of plants per
arrangement. But in terms of intercepted radiation it couliectare, which tends to promote the plants’ etiolation
be said that some gain occured, since the populationaifcording tAndradeet al (2016).
199,998 plants per hectare achieved similar results to the Analyzing the mass of a thousand grains and yield, a
266,664 population. Light interception is an importansignificant difference of HS of 22.22 cm in relation to the
component for the expression of the maximum productivantrol was observed. The smallest HS provided greater
potential of soybean especially since it is a C3 typthousand grain mass (5.82%) and yield (11.25%) compared
metabolism plant, less efficient in the use of light (Casardid the control. Marko®t al. (2011) verified positive
etal, 2007), since solar radiation is one of the most limitingorrelation between yield and a hundred grain mass in
factors for plant growth and developmerdifT& Zieger  different soybean spatial arrangements, what reforce the
2006). significance of this work results.

Table2: Covered area by leaves (CAL), intercepted radiation (IntRad) and leaf area index (LAI) as a function of the hole spacing (HS)
and control sown in line with soybean crop at 42 DAE. Jatai, GO 2018

HS(cm) CAL (%) IntRad (%) LA
22.22 93.52 b 92.65 b 3.97b
26.67 88.83 b 87.68 a 3.46 b
33.33 85.30 a 83.63 a 2.98 a
44.44 70.31 a 67.33 b 1.90b
66.67 47.46 b 55.63 b 1.39b
Line (control) 77.86 a 80.75a 277 a
CV% 5.16 7.22 12.51

The means followed by letter (a) in the column are equal and those followed by (b) are different from the control according to the Dunnett
test (p < 0.05). CV - Coefficient of variation.
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Similar to that observed in the leaves coverage, ligfitling beginning, as the plarg’demand for watenutrients
interception and LAI, there was no yield difference and iand photoassimilates is intensified, which are directed to
its components for the grouped arrangement or in lirgrains in formation to meet the growing accumulation of
when the population was the same. On the other hamdatter drought and oil and protein biosynthesis in grains
the largest HS, 66.67 and 44.44 cm, composed of 5084eiffig et al, 2006). Therefore, the maximum soybean
(133,332 plants g and 75% (199,998 plantsHaf the vyield is determined by optimizing the plantapacity to
recommended population, respectiveiyproved the solar radiation interception and or accumulation of dry
performance of cultivar 7739 RR IPRO in relation to thenatter during the vegetative and reproductive stages
number of pods per plants and branches per plant, r{gtells, 1991)
differing from the control in terms of yield. Itis important ~ The increase in HS promotes a linear increase in the
to note that the largest HS, due to the smaller amountmimber of branches and pods per plant (Figures 2E and
plants ha, can promote a production costs reduction, ds), with an increase of 1.11 pods for every centimeter of
it does not differ from the control in yield, using 50 andncrease in HS, possibly due to the great light availability
75% of the recommended population for the cultivar 773® each plant. This are similar to the results obtained by
RRIPRO. Tourino et al. (2002) that observed a number of pods

Tourinoet al. (2002) studyied the fefcts of spacing, reduction with the increase in plant dengitycording to
density and sowing uniformity in the soybean yield andiang & Egli (1993), the number of pods is determined
agronomic characteristics, and found the highest gragmimarily by the number of branches and consequently
production per plant, with the reduction of the number diy the number of knots and flowers. Thus, with the lowest
plants in the rows, maintaining the yield levels. Théghtincidence in each plant with the population increase,
authors achieved savings of more than 100% in seedlsere is a reduction in the number of branches and pods
with a reduction in density from 22 to 10 plant$.i@ilva per plant (Mauact al, 2010; Silva, 2018). The results
et al. (2015) e Martinset al. (2020) emphasize that the obteinad by Silv§2018) and Ludwigt al.(2011) showed
planting density increase can make the soybeanreduction in the number of pods per plant, as the

production costs higher population increases. Howeyéhne first ones found that
Results of the regression adjustment for the variabl&®m the population of 440 thousand plants!,htne
with significant results are shown on Figure 2. reduction in pods stabilizes, showing a potential for yield

For all the presented equations, the regressiaains in higher plant densities.
parameters were significant at 5% leviel.the variables The first pod height (Figure 2F) and the plant height
studied, linear models were adjusted, except LAl (Figurg-igure 2G) also decreased, according to quadratic
2C) and plant height (Figure 2G) where quadratic modefsodels, with the increase in HS. Silva (2018) did not ob-
were choosen. serve significant differences for plant height and lodging

The behavior of light interception (Figure 2B) and théetween spatial arrangements in line or equidistant, but
area covered by leaves (Figure 2A) were sintilath with  only the population influenced these variables. Casaroli
a decreasing linear model, in agreement with Hedffigl. et al.(2007) consider that when not sufficient incidence
(2006) results. For the LAI, with a quadratic model, thef radiation occurs, there is a reduction in
minimum in the adjusted equation occurs in the 65.7 cphotoassimilates synthesis and dry matter production
hole spacing. The LAl is of relevant physiologicalsince soyean is a C3 metabolism plant with low efficiency
significance for the soybean crop, especially from the grain the use of light. This situation can cause plant

Table 3: Number of pods per plant (PPP), number of branches per plant (BPP), grains per pod (GPP), first pod height insertion
(FPH), plants heights (PH), a thousand grains mass (M1000) and yieltt) (s a function of the hole spacing and line sown control
in the soybean crop. Jatai, GO 2018.

HS(cm) PPP BPP GPP FPH (cm) PH (cm) M1000(g) Yield (kg ha?)
22.22 45.23 b 6.32 a 2.01 17.45 a 70.79 b 200.15b 4892.08 b
26.67 48.90 a 6.12 a 2.03 1581 a 67.67 a 198.08 a 4474.16 a
33.33 66.00 a 7.40 a 2.04 1440 a 64.93 a 197.39 a 4663.90 a
44.44 75.83 b 8.02b 2.04 14.22 a 57.59 a 194.79 a 4343.88 a
66.67 94.40 b 8.90 b 2.08 12.31b 51.29b 197.29 a 4203.16 a
Line (control) 57.18 a 6.17 a 2.00 1543 a 62.93 a 189.14 a 4397.10 a
CV% 7.37 10.76 3.67 7.65 4.33 2.38 4.12

The means followed by letter (a) in the column are equal and those followed by (b) are different from the control according to the Dunnett
test (p < 0.05). CV - Coefficient of variation.
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etiolation an in some situations, lodging can be noticethst cited variable with hole spacing increase and
The results of the present work showed that the groupednsequent population reduction. Heiffg al (2006)
arrangement was not able to improve the light incidenecested a proportional growth in yield with the plant
in plants to the point of minimizing the effects ofpopulation increase. Cruet al (2016) reported that the
population increase. yield increase as the plant population increases, and this

According to Dalchiavon & Carvalho (2012) thefactis related to two factors: the number of pods per plant
number of pods per plant and the grain mass were directlyd the grain mass. Rahman & Hossain (2011) and Markos
correlated with soybean yield, proving to be the best al (2011) observed better results of grain yield in higher
components to estimate it. Howeyvér this work, the populationsAt higher levels of population, it is expected
greater branching and the greater number of pods in lowtbat the increase in yield can be significant, howewes
populations were not enough to compensate yiekhould always consider favoring the lodging of plants
reduction, since it was observed a linear decrease in {8#lva, 2018)
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Figure 2: Covered area by leaves (A), percentage of intercepted radiation (B), leaf area index (C), number of pods per plant (D),
number of branches per plant (E), First pod height (F), Plant height (G) and yield (H). Regression coefficients significance: * = p <
0,05; **= p < 0.01; ** = p < 0,001The Regression Palue is presented below the equatiblhvariables as a function of hole
spacing. Jatai - GO, 2018.
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Therefore, the results show that grouped soybe&®NAB — Compahia Nacional deAbastecimento (2020) Safra

: - - : : : Brasileira de GréosAvailable at: https://wwveonab.gowr/info-
sowing was ef'_f|C|ent|n increasing the yield morphological agro/safras/graosccessed on: Novembef"52020.
components in reduced population. The largest hole

. . . .Correia, NM & Durigan JC (2010) Controle de plantas daninhas
spacing can reduce seed productlon costs, not d|ffe”ng1a cultura de soja resistente ao glyphosate. Bragantia, 69:319-

from the control in yield. 327
Cruz SCS, Sena Junior DGantos DMA, Lunezzo LO & Machado
CONCLUSIONS CG (2016) Cultivo de soja sob diferentes densidades de semea-

dura e arranjos espaciais. RevistaAdgicultura Neotropical,

The cultivar 7739 RR IPRO responds to hill drop

3:1-6.
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