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Follor growth, longevUy Bud herbh'ory lu two "cerrndo" species near Culabli, MT, BraziL 

MARCELO T. NASCIMENTO l• DORA M. VTLLEI.A1 and LUIZ D. de LACERDA2 

(.ee;loem 2LUl189) 

ABSTRAct - (PoIyr ~ IOnrevtty and hertliYOry in cwo ~cemt.do·lpccicI DCar Cw.ib.(. Mr, 8ruiJ). QJOWt.II ud Ioo.pitJ 
otlUlva olC1llOlrec cpecia frOln tbe ~cc:rndo~, v0dt)si4ru/D Mut. (Vochyaiac:cac) aod CwrwJlA~ L (Dllklliaccae). 
_~ cva.lu.attd and related to itllCll5iry 0( bertlMlI)'. A blUdl {rom tbn:.c IQdMdu.a1& ot c.adl.lpCCielwu IZWtc4 Ud aU lc.awa 
fcUowed from Aprill98S tc Aupt 1986. Lc.al powIb, lonpvity and bertliYory inle..wty rnc.uun:d ~ry twO...utl.. Al5o, ~t'1 
I~ moolh&, £aIIlpiCSof ~ 01 thc:K a:pc.cie._n: rotkacd in otOcf 10qu.aDtily kar damaF alae 10 hcrbhuywitil n:spcd to 
(be Diny aDd dry Ka&OnL III botb.1:pCCic:a. puwth __ CIOInplctcd by Iftc 45" ~. I...c.a[ fall ptlUcm d iffered ~. spcdca. 
Ifetbivory in~ty and lhe number olallackcd Ic.aYCI in V. tufa (1.9%) _!ower (han [or C anunClllta (4.69&). Tbc herbivory 
inlw&.irywu k-=r tJ:Lao value. n:poncd (or Olber IropiaJ &pccia.. Ual }onp:vity 01 both &pccic..s __ app&RJItIJ DO( fcialCd 10 
hctbrvory.1bc &yQCbrooyoi Ibe iAilw, (u.t puwlh of Ic...awilh lhe cod ollbc <hyKuon aDd alter lira 5Cc.raa lObe I.rl.c{f«d~ 
aOII·hcrbiYore. ,",D1clO' in lhac tpcciea, althoup 50tnC cbclllial dcfc.MC&, ,uch U hip COaleD( of Ai and SI tll'fpWy a ~ 

IlESUMO -(Cn::scimc:nro.loo~ e hetbivoria lolyrcl em duucrp&b de eefftdoelQ Cuilb', Mr, DrWl).O auda!.eolO 
e aloogevida4e foliatudeduu cspCcica: do cernOo, V~rufQ Man. (Vocbyli..:c.ae) e CurauJ)Q ~ L. (DUkniacc.ac), 
fORm avali.a6ol e rcladona«. com allllellS~dc de hc.rbr..oria.. PQj ~ 11m fJ.IIlOGc I.ttI iDdivKtuc. de Qda ap6:X c Lociu 
..tolhu fQram JUpcadu de abriWS a .pt0/B6... 0 cteKimcl)IO foliar, _lotIp;d.oc c • inlellSiUdc: de tlcrbiYoria, fOPJD aw1icIu 
a ada qui.D.u diu.. A.ItlI1 diao, a ada Ids mac. rODID coktadu am05tru de (oIh.aJ; dC$W Clpi:dc&, ~n q.aa.adficu 01 d.aDOl 
rotiarualiadOl pelQlll.erofvort'll, de KOrda com ..~ chll\lQU e lea. Em.arnbu .. eJp«ic.&, 0 CfCKimeolO" c:ompietOU 
atio4Sa d!.a. a p.dd.o de quc41 CoUardiferiu ent~ .. upeciea. A inlC:~c <k hetbivoriaeo oumerodcro£hu _"ced...JOBID 
mcnoru era V. rota que em C arncrl.cana. A inlcnsid.adc de: hcrbr.oria rei mel\Or que OJ valOr« cila&:. pan OUln:. uptciu 
tropicai.$. A sincronia de: 11m J"ipido cre4(:imenlC inicial d&l; rolhu _0 lermino da e.s;la~o ~ e a p6A: 0 lOCO, parccc 5.Cr Ulm 
u.cral~&i& aot.J·h.c:rbM:lD erefjva II.CSIU upta(.$., embonr. alpm.. dcfuu qll(micu, lais como all.. COfIOCCUfWi'OCI de AJ e Si. 
pc!'Am. (uQCionar ootIIO um pilpd IICCUncUrio. 

IDtroductloD 

Quantitative analys is of growth and 
knowledge of longevity of leaves are fundamental 
f or the understanding of tbe evolution of 
deciduous be.haviour, liller fall dynamics., fruiting 
patterns., among others ecopbysiologicaJ Mpecu 
of plants (JanzeQ 1980). Throughout tbeir life 
3pan, leaves are subjected to herbivory, and this 
loss of pholosynthetic bio mass may lead 10 
~eduC!! :..! &fO..... 1. 0 and rcproJuuion ~Ila.rpcr 6 Ti , 
Marquis 1987), reduced longevity (Jacobs 1962, 
Owen 1978, Janzen 1980, Risley & Crossley 1988), 
and translocation o f energy from the ma io 
metabolic pathways to the production of defense 
mechanisms (Funy 1975, Coley 1983. Lacerda et 

I. 	Uerb.4no CcnIDt. Un;\.'O:n;jd.llde Pede i'll! de Ml ro G!"0'<50. 
CUlabi, MT, Duul. Pr.:knl Iddfeu; Me.tudo 'Ill 
Bc:ok>pa, UbOf1I10ri0 de EccIotPa (VBG}, ~ia P!X1&l 
153081, UOMn:idadc de 9naOia, 70919 Bruit!., DP; ­

• Dr&%il. 	 . 
1. 	Oe.partulellio Gc: Geoqll(mla, UnivcDidade: PedeDl 

PiU.lDioc.oK, 14"210 NOIe:rot., RJ . Drui.L 

at. 1986) . Although these e ffects are well 
documented for agricultural systems, tbey are 
poorly understood in natural pian! comrounities 
(Reed & StephenSOn 1972, Marquis 1987). 

In tbe present paper we studied the growtb 
and longevilyofleaves of two tree species from the 
Brazilian "cGTrado", Vochysia rufa and Curald14 
am en"cana, in relatioo to intensity of herbivory, 
ch,racterizing its effects and the possible· 
anti· herbivore mechanisms .presented by Ihese 
SpeCICS. 

Material and meLho<b 

The. ilUdy 1'>'U amed c UI wilh Vochysia Ill/a MU1. 
(Vocb)4iao:.M) Ind CWQ.UJJa ~ L (Dilkniacea,) oct 

• I")'pical ¥cerndo~ lrea ncar Cuiablli , MaiO G ro5.$O. Or.wl 
, .~ ...... ~.~" ...... .'). , .. , 1oC 'f-'<'"e.. .. ,.., 1Ie..jI>Cnl In 11)0· He. , 
oo:umng Oil d)"lrophic undy--c:lay w i ..... aCldK: and rich 10 
a lu",ill um, . ...d liru ocwr annual ly. 
;, b"..,cn frum ,"ree I n(J ' '' I<Ju~'' 01 each aptCICI wu marked 

~od aU leave.t cn II ..ere mappe.d. The Iludy ..... con:t~r 
dunnal6 1nOlI1tL5 (from A pril 198510 AuJU'"' 1986). In 
198$ a fin: C:II lllCd loud detoll.ll ion 01 the rrees ,and new 
branChu ...ere mlrked nd auppcd . Leaf Il"O""lh __ 

ruc.lurcd in m,Uimcr,n, llI.inll fl)'k>fll!DC alld rukr. PotUodl 

http:PiU.lDioc.oK
http:lotIp;d.oc
http:DUkniacc.ac
http:IQdMdu.a1
http:QJOWt.II
http:VTLLEI.A1
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IuCthe maximum length an4 torid lh _ ~rded . Herbivory 

Inte rl5iry'Wllll ulimlled visually 1n4 leavtswere ciauified in to 
fiw intenl ity clapes ( nol damlged Jnyu (ND), < Z5%: 
2.5...50%: 5()..75% and> 75% 01 lola: 01 the lear ,urfl<'e). These: 
mcuuremenu were done every two weeks. 
In October 1985, JInUlry, Aprillnd August 1986 urn pie. or 
le.ayuoI lhese: speciu...ere collected in o rder to quanllfy lear 
dl male: due to herbivory in re latio n to t he r.in y 
(N~mber.April) In<! dry (May-October) scuons. At each 
IImpling dl te, one brlneh (rom lhree individuals of Clch 
. peciu ...,., roll«lc:d. The.sc: individulls were nOl Ihe same 
onu u$e4 to pn:viOUlIy. The outline olan kIM:s ~s traced on 
pph plpcr Ind the 100ai damaged Ires ~ me:asured by 
counlin, the numberol squa~ in damaged .reu. TOlll le.r 
Ires. ...... mc:.uured win,a e:1cC11OT1~ planimeter. Le. Y'U were 
clusiflCd inlo IoC¥Cn inlell5iry claues (Il0l damllgc:d IuYU 
(ND), <5%,5·10%,10-15%, l.S · lS%,2S·lS%,JS-45%oflOLU 
ot the led NrfllCC).1yPea: ot dlnuge rollow JolI",lOne (1981). 

Results 

Growth and foliar longevlty-In both spccies,groYlth 
was completed by the 4Sti day. Curotd/o americana 
Jca~ at the base ofbranches presented an abnormal 
growth pattern reaching only 40n at !he end of !he 
growing perK>d (figure 1). After lhe lire. V .ntfa 
produced new leaves before C americana. 

The first interval used for measuring leaf 
grO\lllth after fLrc.. was too large Lo evaluate leaf 
growth of V. TUfa. .since afler one month., most 1e.a'o'CS 
(45%) were in lhe4-8an length class and oruy4% in 
the 04cm length class.. However [he same intervaJ 
was applicable for C. ameJicana grO'\\'th rate. since 
after one month of !.he fire, 33% of the leaves were 
still in the (}...4cm length class (figure 2). 
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f'igure I. Leaf ~h or Ct.UQuI/Q amt:riCQIUI (A, n _ 4) and 
Vooellyl'l'Q rtI{Q (0, n - 4). Note tile Ibnormll lJ'O"'1h of one C 
GnKTiclUUl 'Y(. fo( bolh speriu day Ororrespo!Kli: toJu ly 2S,,.,. 1II 

Tlble 1. Cumulalive production Ind loss ot kllltS in marked branchc:i 01 CWQrdlD amoKlI114.n4 Vooehysia ro{a over the Iludy 
period. 
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Fo lil r growtb,longc'1ly l ntl herbivory. 

A. Voch ysia rufo 6 . Curatella americana 
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Figure l . Fn:qllcncy 0( area c.lIlCI\ In umpl« 0{ leavu. NO co 
not da maged. 

When leaves stabilized tbeir growth, 50% of 
V. mla were in the 12-1ocm length class, while 43% 
oC C. americana leaves were in the 16-20cm length 
class. M a"imum lengths for V. miD and C. 
am ericana we re I G-20cm and 20-24cm 
respectively. 

Table 1 shows (he number of Dew leaves and 
leaf faU for the marked branches during the slUdy 
per iod. Most new le ::lVes of both species were 

.. -­

:,--•
j
• 

, UU UTtJI _ _ ._ m ........ Q n __ ......
~ 

rigure 4. frequency ollcar arc. calcn or Vochy$i1J TUfa (A, 
n - ·n) .lind CUf(1lcl/a OmUiCClIt4 (D , n -30) i n muk.~d 
braf,,:hcs. ND - noi damaged. 

produced within the fir s t montb after fir e, 
although new leaves of C. americana w.er e 
produced until six months after the Cire. 

The leaf fali patt ern was different between 
species; C americalla presented a progressively 
increasing leaf fall after the second month with 
mO$tlcaves falling in the dry season. Vochysia TUfa 
presented only one period of leaf fall, also 
conoommilant with the dry season. Leaf longevity 
was ca. 12 months. for both s.pecies, however leaves 
pre.scnling abnormal growtb in C. americana had 
a shotler life span. 

Le af herbivory - Figure 3 show.s herbivory 
irHt::nsity in leaves of the two species studied. 
Vocllysia mlo presenl ed a smaller number of 
damaged leaves than C. americalla. Leaf area 
consumed W.:lS also sm:tl lc r in v. mla than in C. 
amuicOIlO (2.9 ....s . 4.6% oC total leaf area). Most 
damaged leaves oCthe IWo species were io the 5% 
damage class, however C. americana presented a 
higher number of. leaves in higher herbivory 
intensity class than V. mla ( fi gure 3) . 

After fire, new leaves presellted lower 
herbivory. However the number of tbe dama ~ed 
!eaves increased steadily reaching 75% and 100% 
of tolal number of leaves in V. TUfa aod C. 
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roJia r gl"OW1h, longcv,ry and heroiY() ry. 

omcricDlla , afler seven months ( ligurc 4). Aft e r 
this period no increase in herbivory was observed . 
In August 1986, when most of leaves were young, 
herbivory intensity was high, contrarYlolhc resull s 
observed in Aug'oJS( 1985 (figurJ4) . 

Discussion 

Va riou s auth ors have s ugges ted thai 
herbivo ry may affect Icu.f longcvity (J aea bs 1%2, 
Owen 1978, Janzen 1980, Risley & Crossley 
1988). In the present stuuy, however, leaf 
longevity of the two species was not related 10 

herbivory, since leaf fall was apparently a 
funclion of thc dry season. 

Herbivory, for V nt/a and C. omericana, was 
lower than reporled (or tropica l mang roves 
( Lacen..!a c( al 1986; Johnstone 1981); and tropical 
(orest spec ies (Dirzo 1987, Marquis 1987). 
Although it was similar to an o ther VochysjQ 
species studied by Naseime n{o (1987) ;n the 
Pantan,31 (M,3to Grasso). 

The fa st leaf grov.1 h. f (l l e of th e two speeit:s 
may explain, in pa rI , these low va lues. Aide & 
Londono (19SS) suggested that fast growth rates 
can be an importa nt Slratcgy for proteelion of 
young leaves against herbivores. The sprouting 
a nd fast growth of new leaves coincidcd with Ih.e 
e nd of the dry season, which may en ha nce (he 
e ffectiveness of lhis str;Jtegy since herbivores a rc 
rare r in (his pe rioJ (Janzen & Schoe ner 19(18, 
Janze n 1973, Wolda 1978). 

T he d ifferen ce observed in the numbe r of 
allacked leaves between Augusl1985 and AugU!>1 
1986, may be the res ult o f high mortality of insect 
populations due 10 the fire in 1985. The c he mical 
composi tion of (hesc species may a lso be invo lved 
in Ihe ir anti-herbi vory s trat e gy. CUfalclla 
:IlIlIm·cena b s J. ~Jbh cor..: .:nlr .. !i l.l u ,,[ 5i ill io. 
leaves (S ilva 1976), making them very hard and 
ro ug h. Thi s plant is locally c::llled " lixeir a" . 
Po rtuguese for fil e because of its rough texl ure . 
High Si concent rations makes leaves less palal:Jblc 
10 herbivores (McNaughton et al. 1985). 

o f AI, especially in lcaf veins an d ep idermal ce lls 
(H a ridasa n el al. 19861. Ahholl !;h A I is nf)( I())dc [0 

ammals ( H utchinson 19-'5). it may decrease the 
nutr itional val ue of lea ves 10 herbi vore s 
(G oodland 1(71). Low intensity of herbivory was 
also fou nd (or an other AI ·rieh Vochysia species 

by Nascimento (1987). 
The synchrony of (he initial. [:lst growt h of 

leaves with t he end of the d ry season and after fires 
seems to be a n effective anti -herbivory strategy in 
these species, all hough some chemical defenses 
such as hi gh content of Al and Si may playa 
secondary ro le_ 

,\elm_t,dgtmuI!s - The authors th~nlr. Dr. Nagib Saddi. 
C urator of the IlertJanum o( UniVl:rs ldade rederat de MaiO 
Grosso (o r logislic suppon amI Of. John O. t lay (or his critical 
I\'ading and comments on the manuscript. 
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