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ABSTRACT

Castor bean grown at high plant densities can increase yield due to increased light interception and reduction in sink
demand. The objective of this study was to evaluate the effect of plant density on growth of castor bean hybrids. The
experiment was conducted in Botucatu,BBzil, in a split plot randomized block design, with four replications, ith 201
and 2012. The main plot consisted of the sampling times and the subplots consisted of a 3x3 factorial, with the 3
genotypes in the first factor and the 3 plant densities in the second Téaorariables analyzed were: dry mass of
leaves, stems, racemes, and total dry mattéch were measured at 30, 60, 90, 120 and 150 days aftgemce(DAE).

Data were examined for significant differences using analysis of variance followed by the F test (p < 0.05). When
interaction was found between the factors and sampling the means were analyzed by regression analysis (p < 0.05).
Growth performance was higher in 2012 because of the greater water availal#0}, under lower rainfall, there was

less branching resulting in cycle end, with total leaf loss. High plant densities partially suppress the development of
higher-order structures, especially when associated with water restriction.
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RESUMO

Crescimento de hibridos de mamona sob densidades populacionais adensadas

O cultivo de mamona sob altas densidades populacionais pode aumentar a produtividade devido a maior interceptacéo
de luz e a reducédo dos drenos vegetativos. O objetivo desta pesquisa foi avaliar o efeito da densidade populacional de
hibridos de mamona sobre o crescimento das plantas. O experimento foi conduzido em BatecaQBE 2012. O
delineamento experimental utilizado foi de blocos ao acaso organizado em parcelas subdivididas com quatro repeticoes.
As parcelas foram constituidas pelas coletas e as subparcelas foram constituidas por um fatorial 3x3. O primeiro fator foi
composto por trés gendtipos e o segundo fator por trés densidades populassorarsaveis analisadas foram
matéria seca de folhas, caules, racemos e matéria seca total, realizadas ao 30, 60, 90, 120 e 150 dias ap6s a emergénc
(DAE). Os dados foram submetidos a analise de variancia pelo teste F (p < 0,05). Quando houve interacédo entre os
fatores e coleta as médias foram analisadas por regresséo (p < 0,05). O crescimento foi maior no ano de 2012 devido a
maior disponibilidade hidrica. Em 2011, sob menor pluviosidade, houve menor ramificagdo resultando em fechamento do
ciclo, com perda total das folhas nos hibriddgas densidades populacionais suprimem parcialmente o desenvolvi-
mento de estruturas de ordem superiores, principalmente quando associadas a restricdes hidricas.

Palavras-chave colheita mecanic&icinus communis.; arranjo espacial.
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INTRODUCTION narrow spacing altogether with the inase of the number
of plants is a common practice in cotton crops and, allows

Castor beanRicinus communi&.) belongs to the . o C

. . . . its cultivation as a second crop due to the anticipation of
family Euphorbiaceae and is the sole species of the ge Hg harvest provided by the reduction in boll number per
Ricinus Both Ethiopia and Eastfrica are mentioned as P y P

; . . lant (Jost & Cothren, 2000; Jost & Cothren, 2001;
castor beas’center of origin (Moshkin, 1986). Castor bea
. . Gwathmey & Clement, 2010). In the castor bean crop, the

was brought to Brazil by the Portuguese and the tropical .

. . - number of racemes and the number of fruits/seeds per
climate favored its dissemination (Sargbal, 2007). The ) .

. . . o raceme (Sorattet al, 2011; Souza-Schliokt al, 2011)

main product of castor bean is the oil present in its seeds
egé also reduced.

which has numerous applications including medicinal an After 1945, the plant density recommendation has

cosmetic use, plastic and lubricant manufacturing, fiber . . .
optic production, bulletproof glass and bone prosthes gadually increased based on field observations and
pue b ! P g P Technical articles (Kittock &Villiams, 1970). Zimmerman

(Chierice & Claro Neto, 2007). Despite its importance, Brazi 1958) suggested densities of about 30,000 piants,

once the world lagest producer of castor bean in theWhile Brigham & Spears (1961) suggested densities
1960-1980 period, was the fourth largest IorOduC%retween 40,000 and 50,000ants for dwarf cultivars
accounting only with 1.8% of world production in 2014Weiss (1983) reported irrigated crops in Russia and Romania

lbehm? Chc;na, Mgtzhagn;t;ql;e ar:(cji Indc;a, ;{V:;‘Ch ;so\ivisrld with population densities of up to 60,000 hia Brazil, the
aigest producerwi 6 ofworld productiol(, ) recommendations on plant density are still far below these

To reverse this situation, Brazil needs to invest in new . . )
. . . values, mainly because of the predominance of larger-sized
technologies to increase castor bean yield. The notypes

. . e
development of new genetic materials and cro% .
. .~ The response of castor bean to changes in plant
management improvements are among the technologies.

. ; . . Opulation density is complex and involves
In Brazil, the Mid-West region has great potential forp P . . y . p

. o ecophysiological aspects, since it causes many changes
expanding castor bean cultivation. Rangehl (2003)

. ingrowth and development (Beltré&bal, 2007). Changes
analyzed the prospects of castor bean in the state of Mat . ;

_ |r‘\ the phenotype as a function of changes in the
Grosso and suggest that castor bean can be mechanicall

. . énvironment are known as phenotypic plasticity (Bradshaw
cultivated as second crop in the season. The authors ar P typicp t( >

. ) 5%5 Assessment of crop development and growth can
that to adapt the castor bean crop to the region, with large ) P b g

ide inf tion that hel id dati
farms, dwarf sized hybrids should be used to allo lr;):]/tl fel:s(i)t;ma on that helps guide recommenaation on

hmebch dan;:: al harveg;!ng.hSath|!h§> (19]?9) _[:;omtést Oﬁjt thgt The hypothesis that will be tested in this study is that
ybrids have Specilic characteristics ot uniformesrly high plant population densities limit the growth and

cycle, response to agricultural inputs, size suitable fcc)irevelopment of new branches. Therefore, the objective of
mechanical harvest, which allow their cultivation by Iarge[rhis study was to evaluate the effect of denser cultivation

and technified producg s . .. on the growth of dwarf castor begenotypes.
The recommendation for growing castor bean in the

Cerrado is to sow the crop approximately between 15 a
20 FebruaryDallacortet al. (2011) mention that the MATERlAL AND METHODS
historical averages (1970 to 2007) of rainfall for the second The experiment was aducted in the second crop
crop in the Cerradd@angara da Serra region, Mato Grosseason in 2011 and 2012, in an irrigated area at the Lageado
so, are approximately 250 mm in Februasp mmin March, Experimental Farm, belonging to the Faculdade de Ciénci-
150 mm irApril, 60 mm in May15 mm in June, and 20 mm in asAgrondmicas - UNESMotucatu-SP22°51'S, 48°26'W
July. If we consider half of the February average rainfaland, 740 m altitude. The soil of the experimental area is
the sum up to July is 620 mitveiss (1983) observed that classified as a dystrophic Red Nitosol, with a clay texture
good yields are achieved with rainfall between 375 and 5¢Bmbrapa, 2006).
mm, evenly distributed in the first 4 months. Under these The accumulated rainfall during the experimental period
conditions, it is possible that there is a lower incidence @fas 446 mm in 2011 and 865 mm in 2012. Precipitation data
gray mold due to the reduction in rainfall from Mayinclude records of the first four months of irrigation to
onwards. allow adequate development. The amount water applied
Good yields are expected in the Cerrado, but therewss 100 mm in 2011 and 40 mm in 2012.
a need for alternatives that provide the highest possible The experiment was arranged in a split plot randomized
yield in these conditions. One strategy that would makdock design, with four replications. The main plot
the best use of the rains in the first months of cultivatioconsisted of the cutting times and the subplots consisted
is to adjust plant densitffhe use of narrow and ultra- of a 3x3 factorial. The first factor was the 3 genotypes (two
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experimental hybrids of the UBSP-FCA Castor Bean Accumulation of total dry mattein most treatments,
Breeding Program and the commercial cultivar IAC 2028%tabilized at 150 DAE, in 2011 (Figure 1), except for the
and the second factor consisted of three plant densitiglant densities of 40 thousand and 80 thousaridolha
(20, 40 and 80 thousand plantsthaOnly three plant cultivar IAC 2028 (Figure 1h and 1i). These last two
densities were evaluated due to the small production wéatments showed linear accumulation up to 150 DAE,
experimental hybrid seeds. which was a result of the longer cycle of the cultivar and a

In the year 2011, the hybrids used were designatétppressive effect in the higher plant densities, delaying
Hybrid 1 (H1) and Hybrid 2 (H2). In 2011, the parental lineglant growth.
of Hybrid 1 and Hybrid 2 were removed from the UNESP- It is worth noting the laye mass accumulation of.cv
FCA Castor Bean Breeding Program, hence, in 2012, otH&C 2028, with the density of 20,000 plants'Heetween
hybrids, which were designated as Hybrid 3 (H3) an80 and 120 DAE, resulting in more than double the mass
Hybrid 4 (H4), were used in the experiment. The cultivaiecorded for 40,000 plants-héFigures 1g and 1h). This
IAC 2028 was used in the two years of cultivation. cultivar has a longer life cycle and larger size than the

Each experimental unit consisted of four 0.45 m spacéyPrids, which explains the greater accumulation of dry
rows, containing 16 plants per rofhe soil chemical matter Plants of all densities and of all genotypes formed
analysis was performed before the implementation of tiimary and secondary gans. Howevera vigorous
experiment at the depth of 0 to 0.2 m, with following resultglfowth of cv IAC was recorded at the lowest density

pH in CaC} =4.8; O. M. =20 g drfy P(resin) = 25 mg dff which plants had already formed tertiary organs. These
K = 1.8 mmo|dm? Ca =31 mmoldm? Mg =16 mmoldm  ©rgans function as a sink and reduce the production of the

3 H +Al = 62 mmol dm? SB = 49 mmoldm® CTC =10 Primary raceme, besides hampering the mechanized harvest

mmol, dm?and V% = 44 in 2011 and pH in Cg€l4.4; O. due to uneven maturity and higher plant height. Fioeeze
M. = §2 g dn?; P(resin) = 31 mg dd K = 1.8 mmol dn?: al. (2016) evaluated pruning and thinning of branches in
Ca =23 mmoldm?® Mg = 8 mmo|dm? H +Al = 81 cmmol cv. IAC 2028 and found lower yield of primary raceme in

dnm SB = 33 mmaldm? CTC = 113 mmaldméand V% = the control without pruning than the treatment which
29in2012. ‘ ’ completely removed the secondary organs.

Fertilization at planting was carried out mechanically 1he current study found th_at, for all genotypes, the
using 16 kg haN, 56 kg ha P,0, and 32 kg FaK,0. density of 20 thousand plants*hproduced higher dry

Topdress with 30 kg HaK,0, in the form of potassium matter than the density of. 80 thousand plgnté fae
chloride, and 45 kg HaN, in the form of urea, was carried dry matter of the two hybrids at the densities of 20,000
out at 30 DAE. Sowing was carried out by hand on 03/03 flants and 40,000 plants were similadicating that at the
2011 and on 03/19 in 2012, using three seeds per hdRwer density the light resource was not fully exploited.
Seedling emergence occurred on March 24, 2011 and Mareuza-Schliclet al (2011) also observed a reduction in

28, 2012. Thinning was performed at 12 DAE, leaving origtal dry matter with an increase in the populatior? de.nsity
plant per hole. from 25 thousand to 70 thousandipgants. Reduction in

The variables analyzed were dry matter of Ieavedry matter is desirable if there is reduction in number of

stems, racemes and total dry mattesing destructive %ranches and height, aiming at the mechanized harvest.

samplingThe petioles were included in the total dry matterS ouza-Schlick (2(_)13) rep_orte_d areduction in the dry matter
f cv. IAC 2028 with application of the growth regulators

Sampling was performed at 30, 60, 90, 120 and 150 DAE, _ _ : ;
collecting two plants per experimental unit. mepiquat chloride, chlormequat chloride and trinexapac-

thyl, h ding to th thathe plant height
Data were examined for significant differences usinse y : owgveraccor Ing to the authathe plant heig
mained high.

analysis of variance followed by the F test (p < 0.05). When

o . _ _ Increased plant density affects more strongly the
a triple interaction was found, regression analysis (p < . . .
. o accumulation of dry mattgout with less déct on the size.
0.05) was performed for each factorial combination as

funci fth i ing the statistical soft l?sually there is no ééct of population density on plant
qnc 'on o .e Samplings, using the statistical so WarI?leight (Souza-Schliost al, 2012; Sorattet al, 2011) and
Sisvar (Ferreira, 2011).

the opposite effect can take place, with a negative response

RESULTSAND DISCUSSION to the increasg in population density (Souza Schaeck
al., 2011), as it reduces the number of branches/racemes

There was triple interaction between the factors for a{Souza-Schlicket al, 2011; Kotz, 2012).

variables in the two years, except for the dry matter of The total dry matter in 2012 showed a linear trend,

racemes in 2011, where there was only interaction betwei@greasing until the end of the period evaluated in all

samplings and plant densities and between samplings arehtments (Figure 2). The steady growth was a response

genotypes. to the greatest rainfall in the ye@his increase occurred
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even in the treatments with plant density of 80 thousaradiso occurred for all stem orders. In 2011, the reduction in
plants h&, but it was less intense than at the density of Z0tal dry matter at the end of the period evaluated reflected
thousand plants Hawhich is shown by the difference in the reduction in dry matter of primary stems. Considering
the final growth, between 120 and 150 DA hybrids, that there was less available water in 2011 and the cycle
even at the highest densifyormed quaternary gans, was reduced in approximately 30 days, it is suggested that
while cv. IAC 2028 formed tertiary gansThis response, the plant had allocated the reserves to the seeds, firstly
despite providing higher yield due to the higher number éfom the primary stems. Machadbal (1992) evaluated
racemes, is not desirable because it increases plant simeremobilization of reserves in two hybrids of maize under
and uneven maturity among the racemes, resulting in lossester deficiency after flowering and found a reduction in
in the mechanized harvest. stem dry matter only in the treatments with water
Overall, the main difference among the genotypegeficiency
occurred in the treatment with 20 thousand plarntsAia The leaf dry matter response in 2011 was the same for
this plant densitycv. IAC 2028 showed higher growth all genotypes and plant densities. There was an increase
than the hybrids at the end of the period evaluated (Figi- mass because of the production of new leaves and the
res 2a, 2d and 2dhhese results partly digr fromAlveset increase in leaf area, and afterwards a reduction in mass as
al.’s (2015) report on the growth of 8RS Enegia, which a function of leaf senescence and fall (Figure 5). One
showed that plant height stabilized from 45 DAE onwardslifference to be highlighted is that at the lowest density
eveninirrigated area. cv. IAC 2028 showed continued growth up to 120 DAE.
The stem dry matter response of the genotypes wAsother interesting response is that hybrids 1 and 2, at
considerably different between hybrids and cultivar IAGhe three plant densities, had lost nearly all leaves at the
2028 in 2011 (Figure 3). While there was a reduction iend of the period evaluated. Because of the lower water
stem dry matter of hybrids at 150 DAE in all densities (Fiavailability, the hybrids behaved as an annual crop, losing
gures 3a, 3b, 3c, 3d, 3e and 3f), IAC 2028 showed no all the leaves and completing the cycle. This is the ideal
reduction at densities of 40 thousand plantsdrad 80 scenario to enable mechanization of the crop and expansion
thousand plants Ha(Figure 3h and 3i). The decrease irto large cultivation areas of the Cerrado. Itis also interesting
dry matter at the end of development may have been causedote that leaf fall in all genotypes was more intense at
by the remobilization of photoassimilates. The carbon fixeithe density of 80,000 plants-ha
in a source cell can be used for transport, metabolism, or The results of leaf dry matter in 2012 show that, in
storage, and starch is the main form of reserve storedganeral, mass stabilized at 150 DAE (Figure 6), except for
chloroplasts (&iz & Zaiger 2004). Photoassimilates storedthe treatments Hybrid 4 at the density of 40,000 plants ha
in the stem can be allocated to other parts of the glant.* (Figure 6e) and cVAC 2028 at 20,000 plants héFigure
this moment, the stem becomes a source organ, remobilizBgy, which had continued mass accumulation. In both years,
assimilates to sinks such as seeds (Magalh&es & Jortbs, smallest populations had the highest dry mattr
1990). (2012) observed a higher number of leaves in the treatment
In this studythe stem dry matter was lower at highewith the lowest plant density in the two years of cultivation.
population densities for all genotypes (Figure 3). Howeverhe largest number of leaves produced resulted in larger
the reduction was more intense inl&\C 2028, as revealed leaf area and higher dry matter of leaves per plant.
by the great difference among the plant densities (Figure The accumulation of leaf dry matter in a plant aims to
3c). In the hybrids, the difference among densities wasaintain the photosynthetic activitjus, the castor bean
much lowerand stem dry matter at 40,000 plantsWwas plant needs to produce lateral branches to increase its leaf
the same as that at the lowest dendityis shows the area. In the current studhe primary leaves of experiment
greater tolerance of hybrids to increased plant density in 2012 had a shorter life span than in 2011, even with
Stem dry matter accumulation was higher in 2012 thdrigher water availability
in 2011 because of the higher rainfall (Figures 3 and 4). In adequate environmental conditions, the plant
Hybrids even developed quaternary stems. One of tpeoduces new branches, which are vegetative sinks, and
hypotheses at the conception of the project was that undeey shade the primary leaves. This shading may impair
high population densities the plant would develop similarlthe production of the primary racemes. The opposite effect
to an annual crop, by completing the cycle and facilitatinigas already been observed by Fioreizal (2016), who
mechanization of harvest. This supposition was confirmedvestigated the effect of thinning secondary structures
in 2011, notably at higher densities, howevewas due to on castor bean and observed an increase in the length of
the lower availability of water the primary raceme, demonstrating the sink effect caused
Besides accumulating greater stem dry matter in 2012y higher order plant gans. Howeverit is uncertain to
this increase was continued until 150 DAE. This behavi@ay between the shading and the strength of secondary
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Growth performance of castor bean hybrids under different plant densities 411

organ sink, which is the main factor in the senescence lmfanches. Despite the delay in growth, it is known that the
the primary leaves, since both occur simultaneouslgrop tolerates high densities without affecting yield, as
According to Severino &uld (2013), the plant regulates noted by Fiorezet al (2016), who found no difference in
the leaf longevity based on evolutionary responses andhe yield between the densities of 26,666 and 111,111 plants
long leaf life span would only be advantageous if it coulda®. Considering that in a mechanized harvest, a large
maintain high photosynthetic capacitymiting light is number of racemes per plant will cause losses in the
one of the factors that influence senescence @timl, platform, high plant densities may produce higher yields
2007). Then, under shading and low photosynthetiban low densities, howevéehe increase in seed cost must
activity, the plant uses the strategy called programmesk taken into account.

cell death (PCD), and senescent leaf has a specific type of

PCD. One of the biological functions of programmed celCONCLUSIONS

death is to promote the remobilization of nutrients and

reserves from the leaves to other sink organs @tiud, The hybrids showed better performance due to less

growth at the end of the cycle, the characteristic of the

2007). . :
7 . 8arly fall of all leaves in 2011, and the early accumulation
Raceme dry matter of per plant in 2011 showe

of dry matter by racemes.

considerable differences among the plant densities (Figu-

re 7), and the plants at the lowest plant density had the The best performance of castor bean at high plant
largest accumulation. The genotypes had similar totdensities is due to the shorter height and more intense leaf
accumulation, but raceme dry matter of Hybrids 1 and fall

(Figure 7d and 7e) stabilized at 150 DAE, whilel&C
2028 (Figure 7f) showed continued increase until the erﬁiEFEREI\ICES

of the period evaluated. This response was due to thiees GS,Tartaglia FL, Ferreira MM, Beutler N& Santos EC
longer cycle compared with the hybrids. Figure 7f shows (2015)Analise de crescimento da mamoneira BRS giaeem
that cv IAC 2028 had very low raceme dry matter at 90 funcé@o da densidade populacional. Revista Caatinga, 28:167-

175.
DAE. ~ . . .
Beltrdo NEM,Azevedo DMP Lima RLS, QueiroAVN & Queiroz

In 2012, raceme dry matter per plant increasingly wc (2007) Ecofisiologia. InAzevedo DMP& Beltrdo NEM
accumulated up to 150 DAE in all treatments (Figure 8), (Eds.) O agronegécio da mamona no Brasil. 22 ed. Campina
especially at lowest plant densities, which showed theGrande. Embrapalgodao — Brasilia, Embrapa Informagao

. . P . Tecnolégica. p.45-72.
highest accumulations. This finding agrees with Kotz den i . o _
(2012)’ who compared the raceme dry matter ofAC BradshawAD (1965) Evolutionary significance of phenotypic

) e plasticity in plantsAdvances in Genetics, 13:5-155.
2028 at different plant densities (50 thousand to 95. .
Brigham RD & Spears BR (1961) Castorbeandénxas.Weslaco,

thou_sand plants ha in second F:rop using a denser TexasAgricultural Experiment tion. 1Lp. (Bulletin, 954).
Spacing (0'45 m between rOWS) with the control treatrr]eerierice GO & Claro Neto S (200Aplicacdo Industrial do Oleo.
(25 thousand plants fia 0,90 m between rows) and found  n: Azevedo DMP& Beltrao NEM (Eds.) O agronegécio da

that the lowest plant densities produced the highest racem&amona no Brasil. 2% ed. Campina Grande, Embfdgadao —
dry matter Brasilia, Embrapa Informacabecnoldgica. p.417-448.

Differently from that observed for the other variablesPa!lacort R, Martins JA, Inoue MH, Freitas PRL Colleti AJ

. . S (2011) Distribuigdo das chuvas no municipio Tangara da
in 2012, even with greater water availabjibere was lower  gg 5 meadio norte do Estado de Mato Grosso, Brasila

accumulation of raceme dry matter compared with 2011ScientiarumAgronomy 33:193-200.

(Figures 7 and 8). This is probably an evolutionargmprapa - Empresa Brasileira de Pesquigaopecuéria (2006)

response in which the plant takes advantage of the availabl@istema brasileiro de classificacao de solos. Brasilia, Embrapa-

resources, produces a greater photosynthetic area anghPs- 306p.

accumulates photoassimilates in the stems. In the futuf&rreira DF (2011) Sisvar: a computer statistical analysis system.
. . . . . iéncia eAgrotecnologia, 35:1039-1042.

this investment in vegetative organs will result in

- - joreze SL, Lara-Fiorez&CC, Pivetta LGRodrigues JD & Zanotto
translocation of reserves and accumulation of seed df’S?MD (2016) Caracteristicas agrondmicas da mamoneira afeta-

matter das pelo método de condugédo de plantas e densidade de semea-
This study has shown that that castor bean has a higldura. CiénciaAgronémica, 47:86-92.

phenotypic plasticityand this characteristic can be use#ao - Food andAgriculture Oganization of the United Nations

in the development of a plant ideotype with a focus on (2014) Crops — Castor oil seed. Disponivel em: <http://

. . . . . . www.fao.oig/faostat/en/#data/QCAcessado em: 13 de janeiro
mechanized harvesting. The reduction in rains during the "5 - 9 Q :

nd crop in th rr houl in combinatign
second ¢ op e Cerrado should be used, in combina 8wathmey CO & Clement JD (201@)teration of cotton source—

with denser spacing, to stop the vegetative growth andsink relations with plant population density and mepiquat
end the cycle of the crop, aiming to reduce the number ofchloride. Field Crops Research, 116:101-107.
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