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Abstract — Some physiological and morphological responses of five Brachiaria brizantha accessions
(BRA000591 cultivar Marandu, BRA003441, BRA002844, BRA004308 and BRA004391) were
compared for plants grown in pots under flooding and well-drained conditions for 14 days. Flooding
caused a significant reduction in leaf dry mass production in all accessions, but, for root biomass, no
differences between treatments could be detected in BRA003441 and BRA004391. No adventitious
root production was observed in flooded BRA003441; all other accessions produced adventitious roots
when flooded. Relative growth rate was reduced by flooding only in BRA000591 and BRA004308.
Leaf elongation rate was reduced by flooding in all accessions, however, more severely in BRA003441.
Net photosynthesis was reduced by flooding in all accessions, but with less intensity in BRA004391.
For all accessions, there was a close relationship between net photosynthesis and stomatal conductance
under flooding. The five accessions tested differed in tolerance to flooding. BRA004391 was the most
tolerant. Accession BRA003441 was the most sensitive, followed by BRA000591 cultivar Marandu.
Accessions BRA002844 and BRA004308 were classified as intermediate in flooding tolerance.

Index terms: adventitious roots, photosynthesis, forage grasses, biomass allocation, growth rate.

Toleriancia ao alagamento em cinco acessos de Brachiaria brizantha

Resumo — Algumas respostas morfoldgicas e fisioldgicas de cinco acessos de Brachiaria brizantha
(BRA000591 cultivar Marandu, BRA003441, BRA002844, BRA004308 ¢ BRA004391) foram
comparadas em plantas cultivadas em vasos, sob condigdes de solo alagado e bem drenado, durante
14 dias. O alagamento reduziu significativamente a produc¢ao de massa seca foliar em todos os acessos,
mas para a massa seca radicular, nao foi possivel encontrar diferengas entre tratamentos em BRA003441
e BRA004391. Somente BRA003441 ndo produziu raizes adventicias sob alagamento. A taxa de
crescimento relativo foi reduzida pelo alagamento somente em BRA000591 e BRA004308. A taxa de
elongacao foliar foi reduzida pelo alagamento do solo em todos os acessos, porém, com maior severidade
em BRA003441. O alagamento reduziu a fotossintese liquida em todos os acessos, porém, menos
intensamente em BRA004391. Em todos os acessos encontrou-se uma estreita relagdo entre as taxas de
fotossintese liquida e a conduténcia estomatica sob alagamento. Os cinco acessos testados diferiram na
sua tolerancia relativa ao alagamento do solo. BRA004391 foi o mais tolerante. O acesso BRA003441
foi 0 menos tolerante, seguido por BRA000591 cultivar Marandu. Os acessos BRA002844 e BRA004308
foram considerados como intermediarios em tolerancia ao alagamento do solo.

Termos para indexagdo: raizes adventicias, fotossintese, gramineas forrageiras, alocagdo de biomassa,
taxa de crescimento.

Introduction

In agricultural habitats, intermittent short- or
long-term soil flooding can result from storms,
inadequate soil drainage, or overflowing of rivers.
While in some regions soil flooding is a rare event, in
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others it is a chronic problem, severely limiting
agricultural activities. Due to the fact that in many
tropical regions pasture areas are usually located in
marginal areas not suited for agriculture (Dias-Filho,
1998), they can be more commonly subjected to soil
flooding or waterlogging.

Flooding causes an immediate reduction in the
exchange of gases between the plant and its
environment (Armstrong et al., 1994; Kozlowski,
1997). Mechanisms of tolerance to flooding are based
on many adaptive features and strategies that
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improve gas exchange and maintain energy
production (Armstrong et al., 1994).

The extent to which tropical pasture grasses may
be flood tolerant and the mechanisms involved in
flooding response of these plants have received very
few investigation (Medina & Motta, 1990; Baruch,
1994a, 1994b; Kibbler & Bahnisch, 1999; Dias-Filho
& Carvalho, 2000; Ram, 2000), and most of what is
known about flood tolerance of tropical forage
grasses is based on anecdotal evidence, mostly
published in the gray literature.

Pastures in tropical areas typically experience
flooding during the rainy season, a period of intense
physiological activity. This can enhance any
deleterious effect caused by flooding in plants with
limited tolerance to this stress, and also prevent these
plants from developing adequately (e.g., produce
larger root systems) to cope with the subsequent
dry season. Thus, knowing how tropical pasture
species respond to flooding is important in
determining their potential of use in habitats prone
to this stress.

Brachiaria brizantha (Hochst. ex A. Rich.) Stapf
cultivar Marandu is an important forage grass
throughout the tropics and, particularly, in tropical
America (Argel & Keller-Grein, 1996). New accessions
of this species are now being tested in Brazil by
Embrapa (Sim&o Neto et al., 1995), in an effort to
release new forage grass cultivars. Very little is known
about how these new accessions may respond to
environmental stresses commonly found in tropical
habitats.

The objective of this study was to compare the
flooding tolerance of five accessions of B. brizantha,
by subjecting the plants to soil flooding during a
14-day period.

Material and Methods

Seeds of Brachiaria brizantha (Hochst. ex A. Rich.)
Stapf BRA000591 cultivar Marandu, BRA003441,
BRA002844, BRA004308 and BRA004391, supplied by
Embrapa-Centro Nacional de Pesquisa de Gado de Corte,
in Campo Grande, MS, Brazil, were germinated on sand
and then planted individually in pots with 2 kg (dry weight)
of soil (1:1; organic soil to sand). Two days after planting,
pots were fertilized with a solution of 40 mg of P
(K,HPO,) kg'! soil. Plants were grown outdoors for the

Pesq. agropec. bras., Brasilia, v. 37, n. 4, p.439-447, abr. 2002

M. B. Dias-Filho

duration of the experiment under a shade net that
intercepted ca. 60% of direct solar radiation. The trial was
conducted at the Embrapa-Centro de Pesquisa
Agroflorestal da Amazonia Oriental, in Belém (1°28'S),
North Brazil. Each pot was watered daily and fertilized
every other day with 10 mL of a water soluble fertilizer
solution (15:30:15; N:P,05:K,0; 5 g L!). Seven days after
planting, pots were fertilized with 50 mg N (urea) kg™! soil.
Flooding was imposed 13 days after planting by inundating
the pots up to 3 cm above the soil level and control pots
were free-draining and watered daily. Flooding lasted
14 days for all accessions. The periodical fertilization with
NPK (15:30:15; N:P,05:K,0; 5 g L"') was maintained on
both treatments during all the experiment. All plants
remained vegetative during the experimental period.

Three harvests were made; the first harvest was on the
day flooding treatment was imposed (ca. 21 days after
germination), and the others 7 and 14 days later (n= 4 per
harvest and treatment). At each harvest, plant material
was divided into leaf blades, culms (sheath and stem) and
roots. Leaf blades were removed and their areas were
measured using a leaf area meter (LI-3000, with conveyor
belt assembly, LI-3050; Li-Cor, Inc., Lincoln, NE, USA).
Roots were washed free of soil using a manually
manipulated jet spray of water. Plant dry mass was obtained
by drying the plant material at 65°C for 48 hours. At each
harvest, leaf, culm and root mass ratios (respectively, leaf,
culm and root dry mass per unit of dry mass of whole
plant, LMR, CMR and RMR) were calculated according
to Hunt (1990). Relative growth rate (change in total dry
mass per total dry mass of plant per day, RGR) was also
calculated for each harvest interval.

The length of a young expanding leaf blade (with the
ligule not yet exposed) of a vegetative tiller of each plant
was measured with a ruler at around the same time every
day. Leaves being measured were marked with a plastic
ring. Once the ligule was exposed, a new leaf, on the same
plant, was marked and measured. Daily leaf elongation
was calculated as the difference between leaf lengths of
two consecutive days.

Net photosynthesis (A) and stomatal conductance were
measured with an infrared gas analyzer (LI-6400, Li-Cor,
Inc., Lincoln, NE, USA). Measurements were made nine
days after flooding was imposed and also at the end of the
experiment, on one young, fully expanded blade of a
vegetative tiller on each plant. Gas exchange parameters
were calculated on a leaf area basis. On both occasions,
measurements were made in situ, between 9 amand 11 am
local time, with a PPFD of 473+24 (first evaluation) and
675+11 (second evaluation) pmol m2 s (meanss.e.).

Pots were arranged in a completely randomized design
with four replications. Differences in dry mass production
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and allocation, net photosynthesis, stomatal conductance
and relative growth rate were assessed by two-way
analyses of variance (ANOVA) with treatments (control
and flooding) and accessions as main effects. Differences
in leaf elongation rate throughout the experimental period
were assessed by three-way ANOVA with treatments,
accessions and evaluation dates as main effects. For
adventitious root dry mass production, differences among
accessions, in flooded plants, were tested by one-way
ANOVA followed by Duncan test. Because no adventitious
roots were found in accession BRA003441 (dry mass
production = 0 in all replications), it was omitted from the
ANOVA (Finney, 1989). The assumption of homogeneity
of variances and normality were tested for each ANOVA
and, when necessary, data were log transformed.
Transformed values were back transformed for
presentation. Post hoc contrasts were calculated for
assessing differences between treatments or within days
and between treatments whenever appropriate.

Cluster analysis was used with the objective of grouping
together those accessions having the greatest similarities
in their relative tolerance to flooding, in the form of a
hierarchical tree diagram. Data for cluster analysis were
the mean difference between control and flooded plants in
net photosynthesis, stomatal conductance, leaf elongation
rate, leaf and root dry mass production, leaf area, number
of tillers and plant height. The rationale being: the lower
the difference between control and flooded plants, the higher
the relative tolerance to flooding. Also, the relative increase
in biomass allocated to culms under flooding (considered a
negative characteristic) and an index indicating the ability
of each accession to produce adventitious roots under
flooding (considered a positive characteristic) were
included in the cluster analysis. All data were standardized
to a mean of 0 and a standard deviation of 1 before
conducting the analysis. The clustering method was com-
plete linkage. The number of clusters (i.e., accession
discrimination by groups, according to their relative
tolerance to flooding) was determined according to
Dias-Filho et al. (1994).

The statistical package STATISTICA for Windows
release 5.5 (StatSoft, Inc., Tulsa, USA) was used for all
computations of the data.

Results and Discussion

The ANOVA for relative growth rate (RGR)
showed a significant effect for treatment (F; ¢4 = 15.8;
P<0.001). Differences between treatments, within the
same accession, assessed by post hoc contrasts
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indicated that only the accessions BRA000591 (cul-
tivar Marandu) and BRA004308 had their RGR
significantly reduced by flooding (F; 64> 4.67; P<0.03)
(Figure 1).

Flooding caused a significant reduction in leaf
dry mass production in all accessions (post hoc
contrasts, F; 2029.95; P<0.004) (Figure 2). For culm
dry mass, only in BRA003441 it was not possible to
detect statistical differences between treatments. In
all other accessions, culm dry mass was significantly
lower in flooded plants (Figure 2). A statistically
significant decrease in root dry mass production in
response to flooding could be detected in accessions
BRAO000591 (cultivar Marandu), BRA002844 and
BRA004308 (F;2925.63; P<0.02). However, in
accessions BRA003441 and BRA004391, root dry
mass also showed a tendency to be relatively lower
in flooded plants (Figure 2).

Biomass allocation showed a consistent response
among accessions (Table 1). For all accessions,

Control FHood
0.3
ol
©
o)
o
(0]
802
<
3
: 1
(0]
=
Fos .
*
milN

A B C D E A B C D E
Accessons

Figure 1. Relative growth rate of Brachiaria brizantha
accessions BRA000591 cultivar Marandu (A), BRA003441
(B), BRA002844 (C), BRA004308 (D) and BRA004391
(E), under flooding and controlled conditions. Data are
means + s.e. (n = §). An asterisk indicates that the difference
between treatments was statistically significant for that
particular accession (post hoc contrasts; P<0.05).
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proportion of biomass allocated to leaves (LMR) had
a tendency to decrease under flooding. This effect,
however, was not statistically significant in any
accession. Biomass allocated to roots (RMR) was
similar between treatments in BRA004391, but
significantly lower in flooded plants of all other
accessions. Flooding also promoted an increase in
biomass allocation to culms (CMR) in BRA000591
(cultivar Marandu), BRA003441 and BRA004308.
The mean number of tillers per plant was
significantly reduced by flooding in accessions
BRA002844, BRA004308 and BRA004391.
Flooding often reduces total plant dry mass
(Yamamoto et al., 1995; Lopez & Kusar, 1999) and
has a markedly detrimental effect on root dry mass,
which is particularly sensitive to oxygen deficiency.
Even grass species with a known tolerance to flooding
show a shift in carbon allocation from below- to
above-ground components under flooding (Naidoo
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Figure 2. Mean values of dry mass at final harvest of
Brachiaria brizantha accessions BRA000591 cultivar
Marandu (A), BRA003441 (B), BRA002844 (C),
BRA004308 (D) and BRA004391 (E), for each root
(hatched area), culm (dark area) and leaf (blank area)
component, under controlled and flooding conditions
(n =4 for each accession, component and treatment).
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& Naidoo, 1992; Naidoo & Mundree, 1993; Baruch,
1994a; Loreti & Oesterheld, 1996; Dias-Filho & Car-
valho, 2000). The reason for that is the deleterious
effect flooding has on root formation and growth
and the induction of root decay it causes (Kozlowski,
1997). Since flooding often occurs during the rainy
season, plants that have suffered substantial
reductions in root system size during flooding could
be more sensitive to drought, during the subsequent
dry season.

No adventitious roots were observed in
BRA003441. In BRA004391, adventitious root
production was statistically higher than in accessions
BRA002844 and BRA004308, but similar to
BRA000591 (cultivar Marandu) (Figure 3).

Flooding tolerance seems to be well related to
adventitious root formation (Armstrong et al., 1994).
In the flooding-tolerant tropical grass Hymenachne
amplexicaulis, the capacity to form adventitious root
is considered one of its major adaptation attributes
to flooding (Kibbler & Bahnisch, 1999). The same
condition has also been proposed for the herbaceous
flood-tolerant legume Lotus glaber (Vignolio et al.,
1999) and for soybean (Bacanamwo & Purcell, 1999).

In the present study, the patterns of adventitious
root formation in the accessions studied were indeed
highly correlated to their overall relative tolerance to
flooding.

Table 1. Leaf mass ratio (LMR), culm mass ratio (CMR)
and root mass ratio (RMR), at the last evaluation date, of
Brachiaria brizantha accessions under flooding and control
treatments(!),

Treatment LMR CMR RMR
(kgkg™)

BRA000591

Control 041(0.05"  0.20(0.02*  0.38(0.05)*

Flooding  0.48(0.04) 027(001)  0.24(0.05)
BRA003441

Control 048(0.04)  0.26(0.01)*  0.25(0.03)*

Flooding  0.49 (0.06) 0.36(0.04)  0.12(0.01)
BRA002844

Control 044 (0.04  024(0.0)™  0.30 (0.06)*

Flooding  0.55(0.04) 027(0.04)  0.16(0.03)
BRA004308

Control 046 (0.04)° 024 (0.01)*  0.29 (0.04)*

Flooding  0.50(0.03) 0.32(0.03)  0.17(0.02)
BRA004391

Control 046 (002"  033(0.0)™ 0.21(0.02)

Flooding  0.44(0.03) 0.33(0.01)  0.22(0.03)

(MValues are means (+s.e.), n = 4 "Not significant. *Significant at P = 0.05,
post hoc contrasts.
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A significant accession x treatment interaction was
detected for leaf elongation rate (F4338= 8.39;
P<0.0001) (Figure 4). Post hoc contrasts of
differences between treatments, within the same
accession, showed that all accessions had their mean
leaf elongation rate, for the entire evaluation period,
significantly reduced by flooding (F;338281.4;
P<0.0001).

Leaf elongation rate has been proposed as an early
detection mechanism for determining flood tolerance
in Brachiaria spp. (Dias-Filho & Carvalho, 2000). In
other grass species and accessions, leaf elongation
rate is usually also associated to relative tolerance
to flooding (Lizaso & Ritchie, 1997; Yamauchi &
Biswas, 1997).

In the present study, although, as expected,
flooding significantly reduced leaf elongation rate
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Figure 3. Adventitious root dry mass at final harvest of
Brachiaria brizantha accessions BRA000591 cultivar
Marandu (A), BRA003441 (B), BRA002844 (C),
BRA004308 (D) and BRA004391 (E), subjected to
flooding. Data are means + s.e. (n =4). Columns with
different letters are significantly different
(P<0.05, Duncan test).
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Figure 4. Leaf elongation rate of Brachiaria brizantha
accessions BRAO000591 cultivar Marandu (A),
BRA003441 (B), BRA002844 (C), BRA004308 (D) and
BRA004391 (E), under flooding (closed symbols) and
controlled (open symbols) conditions. Each point
represents the mean + s.e. (n =4).
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of all accessions, the intensity of this response
contrasted among accessions, being highest in
BRA003441 and lowest in BRA004391.

Net photosynthesis was significantly reduced by
flooding in all accessions at both evaluation dates
(Figure 5). This reduction in photosynthetic capacity
was higher for BRA000591 (42.4%), at the first
evaluation, and for BRA003441 (63%), at the last
evaluation date. On both occasions, flooded
BRA004391 had the lowest mean reduction in net
photosynthesis (29.8% and 13.8%, respectively).

The photosynthetic response of cultivar Marandu
(BRA000591) to flooding followed a similar pattern
of that observed by Dias-Filho & Carvalho (2000).
However, net photosynthesis of flooded plants was
substantially higher than in that study, probably
reflecting the periodical fertilization of these plants
in the present study.

Comparing the photosynthetic response at the
two evaluation dates, it can be seen that, for all
accessions, there was a steady decline in net
photosynthesis of control plants between the first
and the last evaluation dates. This decline was
probably a consequence of some degree of transient
water deficit caused by the higher transpirational
demand (higher leaf mass) of these plants. For
flooded plants, only BRA003441 and, to some extent,
BRA002844 showed a substantial decline in
photosynthetic response through time. All other
accessions maintained photosynthetic capacity
(Figure 5).

Photosynthetic response is very sensitive to
flooding (Pezeshki, 1994), and even in the
flood-tolerant grasses Echinochloa polystachya
(Baruch, 1994b; Piedade et al., 1994) and Brachiaria
mutica (Baruch, 1994b), net photosynthesis was
significantly decreased in flooded plants. However,
for the flooded-tolerant grass Brachiaria humidicola,
Dias-Filho & Carvalho (2000) could not find
significant differences in net photosynthesis
between control and flooded plants, after 14 days of
continuous flooding (water level 3 cm above soil
surface).

For stomatal conductance, a similar response was
observed, however, differences between treatments
could not be detected in BRA004391 (Figure 6). In all
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Figure 5. Net photosynthesis of Brachiaria brizantha
accessions BRA000591 cultivar Marandu (A), BRA003441
(B), BRA002844 (C), BRA004308 (D) and BRA004391
(E), under flooding and controlled conditions, nine and
fourteen days after the beginning of the experiment. Data
are means * s.e. (n =4). An asterisk indicates that the
difference between treatments within the same date was
statistically significant for that particular accession (post hoc
contrasts; P<0.05).
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other accessions, stomatal conductance was always
higher in control plants.

Stomatal conductance in flooded plants usually
follows the same pattern of photosynthetic response
(Lopez & Kusar, 1999; Olivella et al., 2000). In a study
of physiological responses to flooding in three
species of Brachiaria (Dias-Filho & Carvalho, 2000),
stomatal response was also found to be closely
correlated to photosynthetic rate and flooding
tolerance.

Based on the dendrogram from the hierarchical
cluster analysis (Figure 7), it can be seen that the
five accessions tested clearly differed in their relative
tolerance to flooding. Four distinct clusters (groups)
of B. brizantha accessions were identified. These
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Figure 6. Stomatal conductance of Brachiaria brizantha
accessions BRA000591 cultivar Marandu (A), BRA003441
(B), BRA002844 (C), BRA004308 (D) and BRA004391
(E), under flooding and controlled conditions. Data are
means =+ s.e. (n =4). An asterisk indicates that the difference
between treatments was statistically significant for that par-
ticular accession (post hoc contrasts; P<0.05).
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clusters are labeled in Figure 7 according to their
relative tolerance to flooding. Accessions
BRA004391, BRA000591 (cultivar Marandu) and
BRAO003441 were grouped, individually, in three
clusters of, respectively, high, low and very low
relative tolerance to flooding. Accessions
BRA002844 and BRA004308 were grouped together
in a cluster of intermediate flood tolerance.

It is important to emphasize, however, that the
above classification was based on relative responses
to flooding of the five accessions, and, even
accession BRA004391, classified as highly tolerant
to flooding, had many aspects of its performance
negatively affected by this stress.
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Figure 7. Dendrogram of the relative tolerance to flooding
of Brachiaria brizantha accessions BRA000591 cultivar
Marandu (A), BRA003441 (B), BRA002844 (C),
BRA004308 (D) and BRA004391 (E). The clustering
method was complete linkage and the distance was
Euclidean. Clusters are limited by dotted lines and
identified by names. Arrows indicate the selected cutoff
distance to retain clusters.
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Conclusions

1. The five accessions tested differ in relative
tolerance to flooding.

2. Brachiaria brizantha BRA004391 is the
accession most tolerant to flooding.

3. Accession BRA003441 is the most sensitive,
followed by BRA000591 (cultivar Marandu).

4. Accessions BRA002844 and BRA004308 are
ranked as intermediate in flooding tolerance.
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