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ABSTRACT -The physiological and morphological responses of the forage gBraskgaria brizantha

cv. MaranduB. decumbenandB. humidicolavere compared for plants grown in pots under flooding

and well-drained conditions for 14 dak#ooding reduced specific leaf area and biomass allocation to
roots in all species and enhanced leaf senesceléeiizanthaandB. decumbendRelative growth

rate was reduced by floodingih brizanthaandB. decumbengut not inB. humidicolalLeaf elonga-

tion rate was unaffected by floodingB decumbenandB. humidicola but declined iB. brizantha

since the first day of floodingjlet photosynthesis and leaf chlorophyll content were reduced by flood-
ing in B. brizantha however, no flooding effect could be detected in the other two spEcreall
species, there was a close relationship between net photosynthesis and stomatal conductance under
flooding. These results show that the studied species have distinct degrees of tolerance to flood,
B. brizanthais intolerantB. decumbens moderately tolerant arigl humidicolais tolerantBecause

leaf elongation rate was immediately depressed by flooding oy lmizantha this measurement

could be appropriate as an early detection mechanism for relative flood toler&maehiraria spp.

Index termsBrachiaria brizanthaBrachiaria decumben®rachiaria humidicola leaf area, chloro-
phyll, photosynthesis, biomass, growth rate.

RESPOSTAS MORFOLOGICAS E FISIOLOGICAS [ERACHIARIASPP. AO ALAGAMENTO DO SOLO

RESUMO -As respostas morfoldgicas e fisioldgicaBdachiaria brizanthacv. MaranduB. decumbens

e B. humidicolaforam comparadas em plantas cultivadas em vasos, sob solo alagado e bem drenado
durante 14 dia® alagamento reduziu a area foliar especifica e a alocagéo de biomassa para as raizes
em todas as trés espécies e aumentou a senescéncia f&8lidsreranthee B. decumben® alagamento

reduziu a taxa de crescimento relativo@nbrizanthae B. decumbensnas ndo erB. humidicolaA

taxa de elongagéo foliar ndo foi afetada pelo alagamenB éestumbensB. humidicola mas dimi-

nuiu emB. brizanthadesde o primeiro dia de alagameAtfotossintese liquida e o contetdo de cloro-

fila foliar foram reduzidos pelo alagamento Bnbrizantha no entanto, nenhum efeito do alagamento

pbde ser detectado nas outras espécies. Em todas as espécies, existiu uma estreita relagao entre as taxas
de fotossintese liquida e a condutancia estoniasds resultados mostram que as espécies estudadas
diferem quanto a tolerancia ao alagamedtdrizanthaé intoleranteB. decumbené moderadamente
tolerante 8. humidicolaé tolerante. Em virtude de a taxa de elongacao foliar ter sido imediatamente
afetada somente e brizanthaeste parametro pode ser empregado como um mecanismo de detecgéo
prematura da tolerancia ao alagamentdeachiariaspp.

Termos para indexagéBrachiaria brizantha Brachiaria decumbend®rachiaria humidicola area
foliar, clorofila, fotossintese, biomassa, taxa de crescimento.
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capacity (plasticity) of the planthis plasticity dic- (1:1; organic soil to sandprior to planting, pots were
tates the species’ ability to maximize resource acqdgtilized with a solution of 40 mg of P (KPO,) per kg
sition under adverse conditiofere is very little ©f soil.Plants were grown outdoors for the duration of the
published information on the physiological respons@_§pe“mem unqler_ a shade net that |ntercepte_d ca. 50% of
of tropical forage grasses to environmental stressd4€Ct solar radiatiorach pot was watered daily and fer-

. - . tilized every other day, until imposition of flooding with
particularly to flooding or waterlogging (Humphreys o X S
1980° Medina & Motta. 1990 B h 1994 5 mL of a water soluble fertilizer solution (15:30:15;

' g I'na _O "’_1’ i » baruch, aN:P205:K20; 1 g L1). Flooding was imposed 21 days af-
1994b) This information is important to understander pjanting by inundating the pots up to 3 cm above the
the physiological mechanisms involved in stress tadyi level and control pots were free-draining and watered
erance or susceptibility, help predict their produgtaily. Flooding lasted 14 days for all speci&b.species
tive potential under certain environmental conditionggmained vegetative during the experimental period.
and ultimately, provide the needed information to
manage pastures successfully. Gas exchange

Temporary or continuous flooding of soils 0ccurs  Net photosynthesis (A) and abaxial stomatal conduc-
as a result of storms, overflowing of rivers, or inadance to water vapor of intact leaves were measured with a
equate drainag&ecause in some tropical regiongortable photosynthesis system (LI-6200, Li-Cor, inc., Lin-
pasture areas are usually located in marginal areasin, NE, USA) and a diffusion porometer (AP4, Delta T
not suited for agriculture, pastures can be intermibevices, Cambridge, UKMeasurements were made 120
tently affected by flooding or waterloggirlg.such hours before the end of the experiment, on one young,

areas, flood-tolerant grasses would have a grealiély expanded blade of a vegetative tiller on each plant.
advantage over less tolerant ones. Gas exchange parameters were calculated on a leaf area

f basisPhotosynthesis measurements were made outdoors

e . . . on a sunny, cloudless day, between 11h and 12h local time,
growing importance in the tropics and partlcular%ith a PPED of 1752+14 umol&s! (meants.e )Sto-

in Brazil (Argel & Keller-Grein, 1996)Throughout matal conductance measurements were made on three oc-

tropical AmericeB. brizantha(Hochst. ex A. Rich.) asions, 9, 11 and 14h local time, on the same leaves used
Stapf cv. MaranduB. decumbensStapf and for photosynthesis measurements.

B. humidicola(Rendle) Schweick are the most im-

portant species of this genadthough there is a great Growth analysis

deal of information, particularly in the gray litera- _

ture, describing the relative tolerance of these sp(?-Three harvests were made; the first harvest was on the
cies to flooding or waterlogging, this information is ay flooding treatment was imposed (ca. 25 days after

llv based dotal eviderit@re i germination), and the others seven and 14 days later (n = 7
usually based on anecdotal evide re s no com- per harvest and treatmemtj.each harvest, plant material

parative study examining the physiological and mo{gas givided into leaf blades, culms (sheath and stem), roots
phological responses of these species under floodiggqg gead leaf tissueeaf blades were removed and their
The objectives of this study were to investigatgreas were measured using a leaf area meter (LI-3000, with
the effects of flooding on key physiological and moreonveyor belt assembly, LI-3050; Li-Cor, Inc., Lincoln,
phological responses B brizanthaB. decumbens NE, USA).Roots were washed free of soil using a manu-
andB. humidicolaand to relate these responses @ly manipulated jet spray of watétant dry mass was

Forage grasses of the gerBimchiaria are o

the species’ flood tolerance. obtained by drying the plant material a8G3or 48 hours.
At each harvest, the specific leaf area (leaf area per unit of
MATERIAL AND METHODS leaf dry mass, SLA) and leaf, culm, root and dead leaf

tissue mass ratios (respectively, leaf, culm, root and dead
leaf tissue dry mass per unit of dry mass of whole plant,
leaf mass ratio (LMR), culm mass ratio (CMR), rot mass
Seeds oBrachiaria brizantha(Hochst. ex A. Rich.) ratio (RMR) and dead leaf tissue mass ratio (DMR) were
Stapf cv. MarandB. decumbenStapf andB. humidicola calculated according to Hunt (199BElative growth rate
(Rendle) Schweick were germinated on sand and th@hange in total dry mass per total dry mass of plant per
planted individually in pots with 2 kg (dry weight) of soilday, RGR) was also calculated for each harvest interval.

Plant materials and growing conditions
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Leaf elongation rate RESULTS AND DISCUSSION

The length of a young expanding leaf blade (with thgiomass allocation and growth
ligule not yet exposed) of a vegetative tiller of each plant

was measured with a ruler at around the same time everyThe ANOVA revealed a significant species x treat-
day.Leaves being measured were marked with a plastizent interaction effect for the proportion of biomass
ring.Once the ligule was exposed, a new leaf, on the samkocated to roots (RMR), leaves (LMR), culms
plant, was marked and measuialy leaf elongation was (CMR) and dead leaf tissue (DMR)(fpg23.18;
calculated as the difference between leaf lengths of tW&0.045) For all species flooding significantly de-
consecutive days. creased RMR fost hoccontrasts, F 10273.1;
P<0.0001) This effect, however, was greater in
B. brizanthaand lower inB. humidicola(Table 1).
Parts of the leaf blades used for gas exchange m&&" LMR, no significant difference between treat-
surements were processed for chlorophyll content follod@ents could be detected fd. decumbens

Leaf chlorophyll content

ing the method described by Arnon (1949). (F1, 108= 3.31; P = 0.08)For B. brizanthaand
B. humidicolaa significantly (I, 10626.34; <0.01)
Experimental design and statistical analysis greater proportion of carbon was allocated to leaves

eip flooded plants (Table 1looding also promoted
aygreater (P<0.0001) allocation of biomass to culms
elongation measurements four replications were uséa,a” species, and I'ncreasleds(}?OOl) the propor- .
while for photosynthesis, stomatal conductance, and IJ&?” of dead leaf tlss'ue (i.e. leaf senescence) in
chlorophyll content, three replications were udifer- B+ decumbenandB. brizantha(Table 1).
ences in net photosynthesis, and leaf chlorophyll content A reduction in resource a!locatlon from below- to
were assessed by two-way analyses of variance (ANOVAPOve-ground Components IS a common response of
with treatments (control and flooding) and specieBlants to transient flooding or waterlogging
(B. brizanthaB. decumbenandB. humidicold as main (Yamamoto et al., 1995Fven in flood-tolerant
effectsDifferences in biomass allocation, specific leaf aregrasses this response is typical (Naidoo & Naidoo,
(SLA) and leaf elongation throughout the experimentdl992; Naidoo & Mundree, 1993; Baruch, 1994a;
period were assessed by three-way ANOVA with treat-oreti & Oesterheld, 1996Y.he reason for that is
ments, species and evaluation dates as main efféets. because, in general, anoxia is fatal to all roots, even
assumption of homogeneity of variances and normalify anoxia tolerant species (Crawford & Braendle,
were tested for each ANOVA and when necessary data WeB6) As reviewed by Kozlowski (1997), flooding
log transformedTransformed values were back transinduces root decay, affects root formation and branch-
formed for pre§ent§ti0tﬁ%ost hoccontrasts were calcu-_ ing, and growth of existing rootslowever, the
lated for assessing differences between treatments_ or W't%chanisms of root acclimation to anoxia differ ac-
days and between treatments whenever appropriate. \Fording to the flood tolerance of the plant species
Stomatal conductance data were analyzed by ANO (I'brew, 1997).

Wlth. repeat.e d measures (Von E.nde’ 1998} between- For specific leaf area (SLA) the highest order in-
subject main effects were species and treatments and the

within-subject or repeated measures effect was time t&ractﬁon was S|gn|f|;;ant gﬁ?‘gz i'sﬁ; P= 0.045).d
measurementlomoscedastic residuals were obtained WitﬁOSt occontrasts showed that both at seven and at

log-transformed values of stomatal conductance (Box days all species had.S|gn|flcantIy lower SLA in
test, P = 0.13)Compound symmetry of the covariancd!€ flooded treatment (Fig. 1) {ho4.2; P<0.04).
matrix was confirmed by the Mauchly’s sphericity test€an SLA for the entire experiment was 11% lower
(P = 0.55)The Huynh-Feldt corrected significance level§P<0.001) in flooded B. decumbensand
were considered for the analysis. B. humidicolaand 7% lower (P = 0.01) in flooded
The statistical package STATISTICA for Windows reB. brizantha.
lease 5.0 (Statistica for Windowi)94) was used for all ~ Because variations in SLA can be determined by
computations of the data. leaf chemical characteristics such as starch accumu-

The plastic containers were arranged in a complet
randomized design with seven replicatidhst the leaf
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lation (Lambers & Poorter, 1992) which is known tdor B. decumbensnd B. humidicola(P=0.43)
occur in flooded plants (Liao & Lin, 1994; Gravati(Fig. 3).
& Kirby, 1998), it is possible that a reduction in the A decrease in leaf elongation in flooded soil is
translocation of photosynthates from leaves to vatisually correlated to lower flooding tolerance in grass
ous sinks in the studied species was the major caggecies or cultivars (Lizaso & Ritchie, 1997;
for the measured SLA values. Yamaguchi & Biswas, 1997). The immediate de-

The ANOVA for relative growth rate (RGR) alsocrease (day one) in leaf elongation rate and the sig-
showed a significant highest order interactionificantly lower mean leaf elongation for the entire
(F2,66= 7.76; P<0.001)Post hoccontrasts for the experimental period @&. brizanthacan be attributed
species x treatment interaction showed that bof#its greater sensitivity to flooding stré®s. the other
B. brizanthaandB. decumbenbad their RGR sig- hand, based on their daily leaf elongation response,
nificantly reduced by flooding Fee213.8; P<0.001) pothB. humidicolaandB. decumbenshowed simi-
(Flg 2)NO Significant difference between treatment%r degree of Sensitivity to ﬂooding, with no imme-
could be detected fd8. humidicola(F1, e6= 3.68; diate change in leaf elongation patteBezause for-
P = 0.06), although there was a tendency for reducggle production in grasses can be highly dependent
RGR inflooded plants (Fig. 2). Relative growth ratgp, elongation of existing leaves (Skinner & Nelson,
was positively related to the overall response of th@94) and a higher leaf elongation in flooded grasses
three species to flooding, wheke brizanthawas ¢4 pe important for £access of submerged leaves,
highly sensitive an8. humidicoldess sensitive. it could be speculated that bd@h humidicolaand
B. decumbensave a greater ability to cope with
flooding stress when comparedBobrizantha

A significant species x treatment interaction was
detected for leaf elongationyf3,= 12.8; P<0.0001) Leaf chlorophyll content
(Fig. 3).Differences between treatments, within the
same species, assessedpbgt hoccontrasts indi-  Total leaf chlorophyll content was negatively af-
cated that the mean leaf elongation for the entire dgcted by flooding inB. brizantha(Fy, 1o= 5.75;
periment in B. brizantha was significantly P =0.03)No significant treatment effect could be
(F1, 234= 32.5; P<0.0001) reduced by flooding, whilgletected forB. decumbensnd B. humidicola
no difference between treatments could be detectédg. 4).

Leaf elongation rate

TABLE 1. Leaf mass ratio (LMR, kg kgt), culm mass ratio (CMR, kg kg%), root mass ratio (RMR, kg kg') and
dead leaf tissue mass ratio (DMR, kg ké), as means of the entire experiment, d8. brizantha
B. decumbensand B. humidicolaunder flooding and control treatments.Values are means< s.e.),
n = 21.For each species, significance between means within columns is given by *<0.01, **<0.001
and ns = P>0.05gost hoccontrasts).

Treatment LMR CMR RMR DMR
B. brizantha
Control 0.34 (0.01)* 0.28 (0.01)** 0.37 (0.013)** 0.01 (0.002)**
Flooding 0.40 (0.01) 0.36 (0.01) 0.21 (0.018) 0.02 (0.01)
B. decumbens
Control 0.33 (0.01§ 0.32 (0.01)* 0.35 (0.01)** 0.004 (0.001)**
Flooding 0.35 (0.01) 0.39 (0.01) 0.22 (0.02) 0.041 (0.01)
B. humidicola
Control 0.30 (0.02)* 0.33 (0.01)** 0.36 (0.02)** 0.002 (0.001)
Flooding 0.33 (0.02) 0.42 (0.02) 0.25 (0.01) 0.006 (0.002)
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The ability to keep leaf chlorophyll levels undedue to the high degree of premature leaf senescence
flooding or waterlogging is considered a toleranocebserved in flooded plants.
mechanism in grass species (Baruah, 1996; Sarkar
et al., 1996)An increased leaf chlorosis and leaf se=0, assimilation
nescence are common responses in flood-intolerant

species (Pezeshki, 1994)the present study, for bothg o : _ ) .
B. brizanthaandB. humidicolathere was a close re-c2 0 2 flooding (i 12= 19.5; P<0.001) (Fig. S

. . . forl hoto-
lationship among chlorophyll content, photosynthe R decumberthere was a tendency for lower photo

tl . L
. - synthesis in flooded plants, however, this difference
response and leaf senescence, reflecting the d|ﬁ5C b

! _Was not statistically significant (P = 0.0R)o sig-
ent degree of tolerance 1o flooding of these speci Ticant difference between treatments could be de-
ForB. decumbenshis relationship was less eviden

ected inB. humidicola(P = 0.9) (Fig. 5).
Net photosynthesis is known to be drastically re-

Net photosynthesis iB. brizanthawas reduced

a4 B. brizantha duced in flood-sensitive plants (Pezeshki, 198d).
40 example, net photosynthesis rates of both flood-tol-
36 erant and flood-intolerant tree seedlings species were
32 significantly reduced by flooding, however, this re-
28 duction was higher for flood intolerant species
24 (Gravatt & Kirby, 1998)The same tendency was
observed in two wheat genotypes by Huang .et al
20 (1994), inPhaseolusrulgaris cultivars by Lakitan
et al (1992) and in two weed speciedpdmoeaby
o M B. decumbens Gealy (1998)0On the other hand, flooding caused no
“; 40 significant net photosynthesis reduction in the flood-
g 36 tolerant tropical grasseSchinochloa polystachya
3 32 (Baruch, 1994b; Piedade et al., 1994) Bnchutica
& (Baruch, 1994b)n the present study, based on their
= " overall responseB. brizanthaproved to be highly
2 sensitive to flooding whilé. humidicolaand, to
20 some extent,B. decumbensvere relatively
more tolerant.
44 B. humidicola
40 ~ 2.0
36 H'%, Control Flooding
e}
32 F"U) 1.5
" : 1
24 % 0
= T
20 g -
0 ] 7 14 5 0s
Time (days) o
K
FIG.1. Specific leaf area ofBrachiaria spp. under & oo
flooding (closed symbols, dashed line) and con- A B ¢ A B ¢
trolled (open symbols, solid line) conditions. Species
Each point represents the mear: s.e. (n=7). FIG. 2. Relative growth rate ofBrachiaria spp. under
An asteriskindicates a significant difference flooding and controlled conditions.Data are
(post hoccontrasts; P<0.05) within each spe- means* s.e. (n = 21). A =B. brizantha
cies and day. B = B. decumbensind C =B. humidicola
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B. brizantha

6 B. decumbens

Leaf elongation rate (cm day™)
w

B. humidicola

Time (days)

FIG. 3. Leaf elongation rate oBrachiaria spp. under
flooding (closed symbols, dashed line) and con-
trolled (open symbols, solid line) conditions.
Each point represents the mean £ s.e. (n = 4).

Leaf conductance

There was no within subjects significance in the
repeated measures ANOVA for stomatal conductance.
However, the effects of species,(fs= 6.35;

P =0.008) and treatment;(fs= 5.02; P = 0.03)
were significant in the between-subjects effects.
Brachiaria humidicolahad the highest mean stomatal
opening (0.164s 0.091 and 0.092 mol#ws? for

B. decumberendB. brizanthd and flooding reduced

by 27% the mean leaf conductance of the three spe-
cies (0.134ss. 0.098 mol n? s1). This reduction was

2.8

- Control T Flooding
g
‘D 26 T
X
=2
= 24
2
[ T
Q 22
o
S
o 20
I
Q
8 18
O
'_
16 = = C - 5 C

Species

FIG. 4. Total leaf chlorophyll content of
Brachiaria spp. under flooding and controlled
conditions.Data are means *+ s.e. (n = 3).
A = B. brizanthg B =B. decumbensand
C =B. humidicola

30

Control Flooding

25 T
20
15
10

5

0

B C

A

Net photosynthesis (umol m?s™)

Species
FIG. 5. Net photosynthesis oBrachiaria spp. under
flooding and controlled conditions.Data are
means = s.e. (n = 3). AB. brizantha,
B = B. decumbensind C =B. humidicola
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higher in B. brizantha (29%) and lower in BARUAH, K.K. Physiological disorder in riceQfyza
B. humidicola(4%). sativaL.). |. Effect of flooding.Indian Journal of

Stomatal conductance is usually reduced by flood- ~ Agricultural Research, Karnal, v.30, p.101-108,
ing (Liao & Lin, 1994; Huang et al., 1993h the

present work, a close relationship between stomaglrucH, z. Responses to drought and flooding in tropi-
conductance and GQ@ssimilation was observed in cal forage grasses. |. Biomass allocation, leaf growth
the three specie$his response indicates that net  and mineral nutrientsPlant and Soil Dordrecht,
photosynthesis was influenced primarily by stomatal  v.164, p.87-96, 1994a.

conductanceA similar stomatal response amon o .
flood-tolerant and flood-intolerant grass species W%é RUCH, Z. Responses to drought and flooding in tropi-
cal forage grasses. Il. Leaf water potential, photo-

also reported by Baruch (1994b). synthesis rate and alcohol dehydrogenase activity.
Plant and Soil, Dordrecht, v.164, p.97-105, 1994b.
CONCLUSIONS
CRAWFORD, R.M.M.; BRAENDLE, R. Oxygen depri-
1. Brachiaria brizanthais apparently flood-intol- vation stress in a changing environmdournal of
erant,B. decumbenmoderately flood-tolerargnd E;ggnmental Botany, Oxford, v.47, p.145-159,
B. humidicolais flood-tolerant. '

2. Net photosynthesis, stomatal conductance, refsREw, M.C. Oxygen deficiency and root metabolism:
tive growth rate, biomass allocation to roots and leaf  injury and acclimation under hypoxia and anoxia.
elongation rate in the floodd8rachiariaspp. are Annual Review of Plant Physiology and Plant
directly related to their ability to tolerate flooding. Molecular Biology, Palo Alto, v.48, p.223-250,

3. Because leaf elongation rate was immediately 1997

(day_ one) depressed in the fIOC)d"n_tc’ler"’lrl'l;IELD, C.B. Ecological scaling of carbon gain to stress
B. brizanthaand no apparent effect of flooding could ;¢ resource availability. In: MOONEY, H.A.; WIN-

be detected for the more toler@thumidicolaand NER, W.E.; PELL, E. (Ed.Response of plants to
B. decumbenshis non-destructive and non-invasive  multiple stressesNew York : Academic, 1991. p.35-
measurement can be used as an early detection mecha- 65.

nism of relative flood tolerance Brachiaria spp. ) ) )
GEALY, D. Differential response of palmleaf morning-

glory (Ipomoea wright and pitted morning-glory
ACKNOWLEDEGEMENT (Ipomoea lacunosato flooding. Weed Science
Lawrencey.46, p.217-224, 1998.
To Débora Soraya Martins da Silva for assistance _
during the evaluation of the experimeatwo anony- GEIGER, D.R.; SERVAITES, J.C. Carbon allocation and

mous reviewers for valuable suggestions to improve ~ eSPonse to stress. In: MOONEY, H.A.; WINNER,
this manuscript W.E.; PELL, E. (Ed.)Response of plants to mul-

tiple stressesNew York : Academic, 1991. p.103-

127.
REFERENCES

GRAVATT, D.A.; KIRBY, C.J. Patterns of photosynthe-
ARGEL, P.J.; KELLER-GREIN,G. Regional experience sis and starch allocation in seedlings of four bottom-
with Brachiaria: Tropical America humid lowlands. land hardwood tree species subjected to flooding.
In: MILES, J.W.; MAASS, B.L.; VALLE, C.B. do Tree Physiology Victoria, v.18, p.411-417, 1998.
(Ed.).Brachiaria: biology, agronomy, and improve-
ment.Cali : Centro Internacional de AgriculturaHYANG, B.; GRIFFIN, GA.; NESMITH, S.; BRIDGES,
Tropical, 1996. p.205-221. DC JOHNSO_N, J.W. Responses of s_quash to sa-
linity, waterlogging, and subsequent drainage. |I. Gas
ARNON, D.I. Copper enzymes in isolated chloroplasts:  exchange, water relations, and nitrogen status-
polyphenoloxidase iBeta vulgarisPlant Physiol- nal of Plant Nutrition , New York, v.18, p.127-140,
ogy, Rockville, v.24, p.1-24, 1949. 1995.

Pesq. agropec. bras., Brasilia, v.35, n.10, p.1959-1966, out. 2000



1966 M.B. DIAS-FILHO and C.J.R. DE CARVALHO

HUANG, B.; JOHNSON, J.W.; NESMITH, S.; BRIDGES, NAIDOO, G.; MUNDREE, S.G. Relationship between
D.C. Growth, physiological and anatomical re- morphological and physiological responses to wa-
sponses of two wheat genotypes to waterlogging and  terlogging and salinity iSporoboluwirginicus(L.)
nutrient supplyJournal of Experimental Botany, Kunth. Oecologia Berlin, v.93, p.360-366, 1993.

Oxford, v.45, p.193-202, 1994. .
NAIDOO, G.; NAIDOO, S. Waterlogging responses of

Sporobolus virginicuglL.) Kunth. Oecologig Ber-
lin, v.90, p.445-450, 1992.

HUMPHREYS, L.R Environmental adaptation of tropi-
cal pasture plants London : Macmillan, 1980. 261p.

HUNT, R.Basic growth analysisplant growth analysis PEZESHKI, S.R. Plant response to flooding. In:
for beginners. London : U. Hyman, 1990. 112p. WILKINSON, R.E. (Ed.).Plant-environment in-

teractions. New York : M. Dekker, 1994. p289-321.
KOZLOWSKI, T.T. Responses of woody plants to flood-

ing and salinity.Tree Physiology, v.1, 1997. PIEDADE, M.T.F.; LONG, S.P.; JUNK, W.J. Leaf and
Disponivel: Heron Publishing site. URL: canopy photosynthetic CQuptake of a stand of
http://www.heronpublishing.com/tp/monograph/ Echinochloa polystachyan the Central Amazon
kozlowski.pdf floodplain are the high potential rates associated with
the G syndrome realized under the near-optimal
conditions provided by this exceptional natural habi-
tat?Oecologig Berlin, v.97, p.193-201, 1994.

LAKITAN, B.; WOLFE, D.W.; ZOBEL, R.W. Flooding
affects snapbean yield and genotypic variation in leaf
gas exchange and root growth respoAseerican
Society for Horticultural Science Journal Alex- SARKAR, R.K.; DE, R.N.; REDDY, J.N;
andria, v.117, p.711-716, 1992. RAMAKRISHNAYYA, G. Studies on the submer-

gence tolerance mechanism in relation to carbohy-

drate, chlorophyll and specific leaf weight in rice

(Oryza satival..). Journal of Plant Physiology,

Jena, v.149, p.623-625, 1996.

LAMBERS, H.; POORTER, H. Inherent variation in
growth rate between higher plants: a search for physi-
ological causes and ecological consequentds.
vances in Ecological Researgisan Diego, v.23,
p.187-261, 1992. SKINNER, R.H.; NELSON, C.J. Role of leaf appearance
rate and the coleoptille tiller in regulating tiller pro-

LIAO, C.T.; LIN, C.H. Effect of flooding stress on photo- duction. Crop Science Madison, v.34, p.71-75

synthetic activities oMomordica charantiaPlant 1994,
Physiology and Biochemistry Paris, v.32, p.479-
485, 1994. STATISTICA for Windows: general conventions and sta-

. tistics I. Tulsa : StatSoft, 1994. v.1.
LIZASO, J.l.; RITCHIE, J.T. Maize shoot and root re-

sponse to root zone saturation during vegetativdON ENDE, C.N. Repeated-measures analysis: growth
growth.Agronomy Journal, Madison, v.89, p.125- and other time-dependent measures. In: SCHEINER,
134, 1997. S.M.; GUREVITECH, J.G. (Ed.pesign and analy-

sis of ecological experimentdNew York : Chapman

LORETI, J.; OESTERHELD, M. Intraspecific variation and Hall, 1993, p.113-137.

in the resistance to flooding and drought in popula-
tions of Paspalum dilatatunirom different topo- YAMAGUCHI, M.; BISWAS, J.K. Rice cultivar differ-

graphic positionsOecologig Berlin, v.108, p.279-
284, 1996.

ence in seedling establishment in flooded §dént
and Soil, Dordrecht, v.189, p.145-153, 1997.

MEDINA, E.; MOTTA, N. Metabolism and distribution YAMAMOTO, F.; SAKATA, T.; TERAZAWA, K. Physi-

of grasses in tropical flooded savannas in Venezu-
ela.Journal of Tropical Ecology, Cambridge, Great

Britain, v.6, p.77-89, 1990.

Pesq. agropec. bras., Brasilia, v.35, n.10, p.1959-1966, out. 2000

ological, morphological and anatomical responses
of Fraxinus mandshuricaeedlings to floodingree
Physiology, Victoria, v.15, p.713-719, 1995.



