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Leaf area and epicuticular wax content ofSida spp'!

Viviane Cristina da CunttaJosé Barbosa dos Santo€intia Goncalves GuimaragsKarina Guimaraes Ribeif,
Roqueline Rodrigues Silva de MiraridBaniel \aladao Silvd, Germani Concenco

ABSTRACT

Morpho-physiological characteristics and chemical composition are directly related to superior competitive ability
of crops. This study intended to make a comparative analysis of dry matter production, leaf area and amount of
epicuticular wax of three speciesSifla spp: S. urerls,, S. rhombifolial. andS. spinosd.. Plants were collected at
three growth stages: V1: stage described as up to 10 fully expanded leaves; V2: between 11 leaves and flowering; and
R: after floweringAt stages/, and R, the highest number of leaves was recordesl. faombifolia followed byS.
spinosaat V, andS. urensat R. These results were relatively proportional to leaf area for all spggcgggnosat the
vegetative stage produced the highest values of specific leaf area (SLA), with no significant differences between
species at the stage R. The amount of wax per unit of leaf area between species at the same developmental stage was
significantly different only at the reproductive stage, wigrgpinosgroduced 23.18 and 6.23 fold more wax tBan
urensandS. thombifoliarespectivelyBetween the growth stages of each species, there was decrease in the amount
of wax with plant age and increase in leaf area (AFE), number of leaves and dryThatteaves of the Sida species
exhibit different characteristics and this information can be used to optimize the use of herbicides in the control of
these weeds.

Key words: Sida rhombifoliaL., Sida spinosa., Sida urens ., weeds.

RESUMO
Area foliar e contetido de cera epicuticular d&ida spp.

Caracteristicas morfofisiolégicas e composi¢des quimicas estao diretamente relacionadas com a maior habilidade
competitiva das culturas. O objetivo deste trabalho foi realizar analise comparativa da producdo de matéria seca, de
area foliar e de quantidade de cera epicuticular de trés espéctdadsp.: SidaurensL., Sidarhombifolia
L. eSida spinos&.. Essas espécies foram coletadas em trés estadios fenoldgicos, caracterizados como V1: formacéo
de até dez folhas completamente expandidas; V2: entre 11 folhas e antes do florescimento, e R: apds florescimento.
Verificou-se, para os estadid2 e R, maior nimero de folhas para a espgicia hombifolig seguida po8. spinosa
em V2 eS. ureneem R. Esses resultados foram relativamente proporcionais a area foliar para todas as®spécies.
spinosana fase vegetativa, produziu os maiores valores de area foliar especifica (AFE), ndo se observando diferencas
entre as espécies avaliadas no estadio caracterizado por R. Para a quantidade de cera por unidade dendirea foliar
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as espécies, num mesmo estadio, verificou-se diferenca somente na fase reprodutivés.espinasgroduziu

valores 23,18 e 6,23 vezes maiores que os encontradoS.pamense S. rhombifolia respectivamente. Entre os

estadios para cada espécie, observou-se decréscimo na quantidade de cera com a idade das plantas e um aumento
area foliarAFE, do numero de folhas e da massa skestrutura foliar das espéciesSidasp. avaliadas apresenta
diferentes caracteristicas e essas informacdes podem ser utilizadas para otimizar o uso dos herbicidas no controle
dessas plantas daninhas.

Palavras-chave:Sida rhombifolid.., Sida spinosa., Sida urens.., plantas daninhas

INTRODUCTION The deposition of epicuticular wax is continuous until
gjll morphological development of the leaf. The deposition

The genusidacomprises more than 170 species an . . .
. . : rate depends directly on temperature and light, being
most of them are considered as potential weeds in pastures . .
) _ . inversely proportional to water content in the plant (Skoss,
and annual crops. These species are widely distribut

. %55 .Water from atmospheric precipitation, besides
hard to be controlled and adapted to weak and acid soﬁs, ) ' . P . precip .
using removal of epicuticular wax, reduces cuticle

. . . : ca
gg?;ﬂggggfevebp better in fertile clay soils (Klssmanf%ickness and consistendgfluencing the oxidation and

ti f fatt i hich invol
Although botanically similarspecies oSidadiffer in condensation offatty acids, which are processes involved

their susceptibility to herbicides, especially in ostin cuticle formation (Evans, 1984)
P y » €SP ymp The importance of the gen&dain agricultural

emegehc_e application _(Albert &ICFO”a Filho, 2002 a). cosystems highlights the need for basic studies aiming
The efficiency of herbicides applied to leaves depends o . .
0 optimize the effectiveness of practices of weed

on the morphology and physicochemical characteristics nagement. In this wais work aimed to comparatively

: . al
of the leaf surface and the presence of adjuvants in tgﬁal ze the dry mass, leaf area and amount of epicuticular
herbicidal solution (Constantet al.,, 2007). y y ' b

, ax in three species of the genB8&da at three
Several authors reported that morphological an\éy
evelopmental stages.

physiological characteristics such as shoot, root and to-
tal dry mass (\ftmann, 1993; Olesext al., 2004; Bianchi
et al, 2006), plant height (Fleck, 1980; McDonald, 2003)',\/|'A\-|-ERI'A\L AND METHODS
leaf area (Wrtmann, 1993; Lemerlet al,, 1996) and leaf A phytosociological study in areas of pasture held at
area index (Gibsoat al 2003; Haefelet al, 2004) are the Experimental Station of the University of the
directly related to superior competitive ability of cropsJequitinhonha and Mucuri (UFVJM), Curvelo Moura,
Over the past few years, research topics have also béédimas Gerais, demonstrated the that species of the genus
directed to the integrated weed management (BiahcoSidahave a high importance value. Thus, on May 2009,
al., 2008) and providing relevant information to thesamples of three species of this genus were collesiea (
evaluation of characteristics within a species that mayens Sida rhombifoliaand Sida spinosp at three
interfere with the dynamics of control. developmental stages (V1: up to 10 fully expanded leaves;
Morphology of plants, especially leaves, influences thé2: between 11 leaves and flowering and R: after
amount of herbicide intercepted and retained (Hess & Faflowering). Plants from the spontaneous vegetation were
1990), and explains the distinct responses of plant spectsdlected randomly and subjected to 9 treatments resulted
to several products (Chuet al, 1997). Howeverplant from a combination of the three species and three sampling
anatomical and micro-morphological characteristics do netages, each one with six replications.
determine how easily these products will be absorbed (Hess Plants were cut close to the ground and brought to
& Falk, 1990). The cuticle or cuticular membrane is the firthe Chemistry Lab at UFVJIM for evaluation of leaf area,
barrier to the absorption of chemicals applied to the leavekoot dry mass and extraction and quantification of wax.
and has been the subject of several studies. Some studiEsts were keptin a cooler with ice to avoid dehydration
have emphasized its nature as well as the factors influencangd weight loss during transportation between field and
its permeability (Holloway1982, Bukovaet al, 1990Albert  laboratory
& Victoria Filho, 2002 b). Cuticle is the major route of Leaf area estimation was performed by scanning
herbicide absorption, which makes the knowledge of thietached leaves and digitalizing into the software Digital
structure of fundamental importance in studies dbeterminatoAreas (DAA). Leaf dry mass was weighed
absorption of these compounds (Procdgtial, 2003). in a digital scale with 0.0001 g precision, withdrawing a
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sample for quantification of epicuticular wax. For thaan important factor from a physiological standpoint
purpose, in a petri dish, samples from each treatment wéxecause it describes the allocation of leaf biomass per
dried (65° C for 72 hours) and immersed in 100 mL afinit area, reflecting the capacity and efficiency in
chloroform for 30 seconds (Hamilton, 1995). The solutiononserving nutrients by fast biomass accumulation (Poorter
(chloroform, wax and impurities) was filtered through& Garnier 1999).The highest SLAalue forS. spinosavas
Isofar filter paper (12.5 cm diameter) and transferred toracorded at the vegetative stagealfle 2).At the
flask attached to a Rotavapfmr evaporation and recovery reproductive stage (R), no difference was found for SLA
of most of the chloroform. The remaining solutionbetween species, with mean equalli®.24 cri/g (Table 2).
containing the wax was transferred to previously weighe€thus, results could help in understanding the aggressive
test tubesAfter complete chloroform evaporation, thecompetitive ability ofS. spinosan crops like cotton
tubes were weighted again to obtain the content ¢Chandler1977) and soybean (Payne and O}i2800).
epicuticular wax expressed in mgkm Differences in the amount of wax per unit of leaf area
The remaining leaves were also measured using thetween species at the same stage only occurred at the
same procedure described for the samples used for tleproductive stage, witB. spinosdaving more wax than
determination of leaf area. Based on these data, ttie other species&ble 2) The amount of wax i. spinosa
specific leaf area (SLA) and wax content per unit areat the reproductive stage was 6-23 times larger than for
(mg/cn?) were determined. those found folS. uensandS. hombifoliarespectively
Data was subjected to tests of normality anth general, the amount of wax decreased with plant age.
homogeneity of variances, and then to analysis of varianthis result is contrary to expectations, since it was believed
and the means, when significant, were compared Mlyat the difficulty in controlling the Sida sp., in more

Duncans multiple range test at 5% probability advanced stages of development, was due to increased
layers of wax. Howevers observed by Monqueies al
RESULTSAND DISCUSSION (2004), the composition of the epicuticular wax layer itself

is longer related to this difficulty in the chemical control of

The highest leaf number was recorded at thsome weeds, than its quantity
vegetative stage V2 fdBida spinosaand reproductive Sida urensandS. rhombifoliahad a reduction in the
stage R for the other speciesifle 1).The influence of amount of wax as plants advanced from the developmental
this variable in leaf area was evaluated at the final stagtageVV2 to R (Table 2).Several other studies show
and produced similar results, e.g. more leaf are&for evidences that older leaves are less capable of controlling
rhombifolia, greater than 200 ¢rand 171.49 cAfor S. water loss than young leaves, as observed in banana
urens S. spinosahowed lower leaf area, around 20°cm (Musaspp.) by Costat al (2009).Alves et al (1990),
The highest leaf number f&. spinosaan be explained studied the effect of simulated acid rainon the amount
by the relatively smaller leaf size of this species during V@f epicuticular wax of soybean plants and found that
thanS. urengLorenzi, 2006). Leaf number 8f urensind  regardless of irrigation there was a decrease in epicuticular
S. rhombifoliaincreased 8.46 and 3.48 fold between thevax content with elapsed days. In this studg found
stages V2 and R, providing additional photosynthatehat the decrease in wax accumulation was significantly
for fruit formation(Strecket al., 2005). lower inS. spinosawhich is likely the cause for the high

Pierceet al (1994) observed that the specific leaf areaggressive competitive ability of this species in cotton
(SLA - ratio between leaf area and leaf dry mass) is @md soybean crops, as previously reported. In studies
important ecophysiological characteristic for thawith sugarcane varieties, higher amounts of epicuticular
understanding of plant carbon-water relations. It is alseax were found in varieties classified as more tolerant to

Table 1 Total number of leaves and leaf area of three species of the Siglaysampled at three distinct phenological stages

Phenologicat&jes’
Species N° of Leaves Leaf Area (cn?)
Vi V2 R V1 V2 R
Sida urens 8 Ba 15Bc 82Ab 5.80 Ba 20.25 Ba 171.49Ab
Sida spinosa 4 Ba 51Ab 28 Bc 1.71Aa 13.45Aa 20.01Ac
Sida rhombifolia 3Ca 103 Ba 308Aa 1.13 Ca 58.67 Ba 204.23Aa

CV (%) 24.00 32.80

"W1: From plant formation until up to 10 completely expanded leaves; V2: between 10 leaves and before flowering; R: after flowering.
Means followed by the same letter in the rows (capital letters) and columns (small letters), for each parameter, are not significantly
different by the DMR test ant 5% probability
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herbicides (Ferreirat al, 2005). It is therefore possible passage of large amounts of hydrophilic compounds such
that the results of lower susceptibility®fspinoséo some as some herbicides. Grover and Cessna (1991) reported
herbicides can be explained by a high wax content compaeddences that penetration of herbicides decreases as leaf
to other species of the genBila Beyerset al (2002), age increases. For Silva & Silva (2007), the absorption of
evaluating the effectiveness of the herbicide flumicloradierbicides is not necessarily related to the thickness or
pentyl, reported that its addition to ammonium glufosinateeight of the cuticle, but to its degree of impermeability

did not significantly improve the control 8f spinosa which can be attributed to changes in composition or
Constantinet al. (2007) found that among severalincreases in formation of waxes.
herbicides tested for control of four speciesSafa (S. It is possible to infer that the competitive ability

rhombifolia S. spinosaS. cordifoliaandS. glaziovij, of S. spinosais associated to the production of
fomensafen and lactofen, even with adjuvant, showed teeicuticular wax, instead of mass accumulation. Thus,
lowest control rates foB. spinosaHowever the same the higher proportion of wax in relation to the rest of
authors found that the herbicide flumiclorac-pentyl wathe dry mass of leaves would be an important factor in
an excellent option, successfully controlling this specietolerance to the penetration of herbicides. Caual.

Sudies (Albert &Victoria Filho, 2002a; 2002b) evaluating (2001), evaluating the absorption of oxyfluorfen by
the leaf surface of three specieSafa(S. rhombifoliaS. two species of wheat, found that in average 65% of
cordifolia andS. glaziovij found thatS. rhombifolishad the herbicide was retained at the epicuticular wax, even
higher amounts of randomly orientated epicuticular striatefter 120 hours post-application. Regarding the
wax and that this trait was found more abundantly at thefestation of pastures, assuming intensive use of 2,4-
adaxial side, suggesting further studies on this characteridii@alone or mixed with picloram, the lower wax content
to allow a correlation with herbicide tolerance. in S. urenswould help elucidating the best results of

For Schmidtet al (1981), the epicuticular layer of control for this species relatively t6. spinosa
young leaves presents higher polantyich allows the (Lorenzi, 2006).

Table 2 Specific leaf area (SLA) and epicuticular wax content of three species of the &dausampled at three distinct
phenological stages

Species Phenological $ages’

SLA (cm?/q) Wax (mg/cn¥)
Vi V2 R V1 V2 R
Sida urens 87.47 Bb 94.97 Bb 107.04Aa 3.28Aa 1.31 Ba 0.11 Cb
Sida spinosa 111.57Aa 130.68Aa 130.01Aa 4.92 Aa 2.72 Ba 2.55Ba
Sida rhombifolia 97.40Aab 91.32Ab 102.66Aa 4.16Aa 4.08 Ba 0.41 Bb
CV (%) 17.09 32.11

"1: From plant formation until up 10 completely expanded leaves; V2: between 10 leaves and before flowering; R: after flowering. Means
followed by the same letter in the rows (capital letters) and columns (small letters), for each parameter, are not significantly different by
the DMRT test ant 5% probability

Aa

0,60 A
= a
2 Aa
» 0,50
(2]
@
£ 040
g
S 030
°
o
5 020 Ba
Aa Ba Ab
0,10 - Ab
: Aa Ab
Ab Ab.Ab Aa B2 Ca Ab Ab
0.00 . — - || : 0 |
Vi V2 R1 Vi V2 R1 Vi V2 R1
Sida urens Sida spinosa Sida rhombifolia

Figure 1. Shoot dry mass (leaves and stems) of tBidaspecies$ida urens, S. spinosadS. rhombifolid.

*Means followed by the same capital letters indicate that the species of Sida did not differ in the amount of shoot dry mass in
different vegetative stages and by the same lower small letters indicate that different stages do not differ in the accumulation of shoot
dry mass by DMR test ant 5 % probability
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S. urensandS. rhombifoliashowed higher shoot dry Chun JC, Ma SyKim SE & Lee HJ (1997) Physiological responses

. - . - f Rehmannia glutinosato paraquat and its tolerance
mass mainly due to the accumulation of biomass in stemé:qechanismsl Pesticide Biochemistry and Physioldigy51-

(Figure 1) Among the stages evaluated for each speciesgs.

no dlfference was observed for biomass accumylatlon #hun JC, Lee HI, Lim SJ, Kim SE & Guh JO (2001) Comparative
S. spinosaHowever for S. uens the accumulation of  Absorption, Translocation, and Metabolism of Foliakpplied
biomass was five times h|gher in the reproductive stageryquorfen inWheat and BarleyPesticide Biochemistry and

compared to the vegetative. Physiology 70:118-125.
Constantin J, Oliveira JRRS, Kajihara LArantes JGZ, Cavalieri
SD & Alonso DG (2007) Controle de diferentes espécies de
CONCLUSIONS guanxuma com aplicagGes sequenciais de flumicloracpAoté

The number of leaves, leaf area, quantity of epicuticular S¢1eNtiarumAgronomy, 29:475-480.

wax and dry matter vary with the stage of development gpsta FHS, Pereira JES, Pasqual M, Castro EM & Sahhos

h ies @id luated (2009) Perda de agua e modifica¢gdes anatdmicas em folhas de
each species aiaaspp. evaluated. plantas de bananeiras micropropagadas durante a aclimatizagao.
Sida spinsa presented greater values tfgida  C'éncia Rural, 39:742-748.

rhombifolia and Sida urensof specific leaf area at the Evans LS (1984) Botanical aspects of acidic precipitation. The

. . Botanical Review50:449-490.
vegetative stage and of wax at the reproductive stage, olanical Review

which can be related to its competitive ability and lowefe'réira EA, DemuneAJ, SilvaAA, Santos JB.Ventrella MC,
MarquesAE & Procépio SO (2005) Composicdo quimica da

susceptibility to some herbicides. cera epicuticular e caracterizagéo da superficie foliar em genétipos
de cana-de-aglUcaPlanta daninha, 23t1619.
ACKNOWLEDGEMENTS Fleck NG (1980) Competicdo de azevébolum multiflorumL.)

. com duas cultivares de trigo. Planta daninha, 3:61-67.
The authors thank the Conselho Nacional de Desen- g

volvimento Cientifico @ecnolégico (CNPg), Fundagao ©'0son KD, Fischead, FoinTC & Hill JE (2003) Crop traits
related to weed suppression in water-seeded @ogz@ sativa

de Amparo a Pesquisa do Estado de Minas Gerais, ) weed Science, 51:87-93.

(FAPEMIG) an'd Coordelja(;ao (kperfe'goamenp de_ Grover R & CessnaJ (1991) Environmental chemistry of
Pessoal de Nivel Superior (CAPES) for the financial nherbicides. Bocca Raton, CCR Press. 302p.

support to this work. Haefele SM, Johnson DE, Bodj DMYopereis MCS & Miezan
KM (2004) Field screening of diverse rice genotypes for weed
competitiveness in irrigated lowland ecosystems. Field Crops

REFERENCES Research, 88:39-56.

Albert LHB & Victoria Filho R (2002a) Caracteristicas Hamilton RJ (1995Waxes: chemistrymolecular biology and
Morfolégicas da Cuticula Foliar e Efeitos éejuvantes no functions. Edinburgh, Orly Press. 145p.

Controle Quimico de Trés Espécies de Guanxumas. Ciéncig gqq Fp & Falk RH (1990) Herbicide deposition on leaf surfaces.
Agrotecnologia, 26:888-899. Weed Science, 38:280-288.

Albert LH?’ .& Victpria Filho R (2002b) Micromorfolpgia Foliar Holloway PJ (1982) Structure and histochemistry of plant cuticular
de Espécies d8ida spp. (guanxumas). Planta daninha, 20:337- membranes: an overviewn: Cutler DF Alvin KL & Price C

' s.)The plant cuticle. LondorAcademic Press. p.01-32.
342 Eds.) The pl icle. LondonAcademic P 01-32
Alves PLCA, O“,va.l MA{ Cambraia J & Santanna R (1?90) Efe"Kissmann KG & Groth D (2000) Plantas infestantes e nocivas.

tos da chuva acida simulada e de um solo de Cubatéo (SP) sobrg~

A ) P S ao Paulo, BASF725p.

parametros relacionados com a fotossintese e a transpiracdo de

plantas de soja. Revista Brasileira de Fisiologégetal, 2:07- Lemerle D,Verbeek B, Cousens RD & Coombes NE (19%6g

14. potential for selecting wheat varieties strongly competitive

inst dsweed R h, 36:505-513.
Beyers JT Smeda RJ & JohnsoWG (2002)Weed managements against wee eed Researc

programs in glufosinate-resistant soybe@iytine max Weed Lorenzi H (2006) Manual de Identificacdo e Controle de Plantas
Technology 16:267-273. Daninhas: plantio direto e convencional. 62 ed. Nova Odessa,

Bianchi MA, Fleck NG & Federizzi LC (2006) Caracteristicas de Instituto Plantarum. 336p.

plantas de soja que conferem habilidade competitiva com plaiMcDonald GK (2003) Competitiveness against grass weeds in field
tas daninhas. Bragantia, 65:623-632. pea genotypesWeed Research, 43:48-58.

Bianco S, Carvalho LB & Bianco MS (2008) Estimativa da aredonquero R, Christoffoleti PJ, Matas JA, & Heredia (2004)
foliar de Sida cordifoliae Sida rhombifoliausando dimensdes  Caracterizagdo da superficie foliar e das ceras epicuticulares em
lineares do limbo foliarPlanta daninha, 26:807-813. Commelina benghalensis, Ipomoea grandifoliArearanthus

Bukovac MJ, Petracek PD, Fader RG & Morse RD (1990) Sorption hybridus. Planta Daninha, 22:203-210.
of organic compounds by plant cuticld/eed Science, 38:289- Olesen JE, Hansen PK, Berntsen J & Christensen S (2004)
298. Simulation of above-ground suppression of competing species

Chandler JM (1977) Competition of spurred anodadda and competitio.n tolerance in winter wheat varieties. Field Crops
cristata), velvetleaf @Abutilon theophras}i prickli sida Sida Research, 89:263-280.
spinosa and venice mallowHibiscus trionum in cotton.Weed Payne SA& Oliver LR (2000)Weed Control Programs in Drilled
Science, 25:151-158. Glyphosate-Resistant Soybeaieed Technology 14:413-422.

Rev CeresVigosa, v61, n.2, p. 172-177, mar/al2014



Leaf area and epicuticular wax contentSiflaspp? 177

Pierce LL, Running SW& Walker J (1994) Regional scale SilvaAA & Silva JF (2007)T6picos em Manejos de Plantas Dani-
relationships of leaf area index to specific leaf area and leaf nhas.Vicosa, Editora UFV367p.

nitrogen content. Ecologicapplications, 4:313-321. Skoss JD (1955) Structure and composition of plant cuticule in

Poorter H & Garnier E (1999) Ecological significance of inherent relation to environmental factors and permeabhilBptanical

variation in relative growth rate and its components. In: Pugnaire Gazette, 11:55-72.

F & Valladares F (Eds.) Handbook of functional Plant ECQIOgyStreck NA, Bellé RA, Rocha EK & Schuh M (2005) Estimating

New York, Marcel Dekkerp.81-120. leaf appearance rate and phyllochron in safflow@arthamus
Procopio SO, Silva EAM, Silva EAM & Ferreira E®003)Ana- tinctorius L.). Ciéncia Rural, 35:1448-1450.

tomia foliar _de plantas daninhas do Bra¥figosa, Universidade Wortmann CS (1993) Contribution of bean morphological

Federal devigosa. 18p. characteristics to weed suppressiégronomy Journal, 85:840-
Schmidt R, Mondani J, Ziegenhagen E & Dose K (1981) High- 843.

performance liquid chromatography of the mycotoxins

sterigmatocystin and its application to the analysis of mouldy

rice for sterigmatocystin. Journal of Chromatograp®g7:435-

438.

Rev CeresVigosa, v61, n.2, p. 172-177, mar/al2014



