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Abstract. Above-ground grass biomass, necromass and tree
litter were measured monthly over a vegetation cycle under
tree clumps and in the open, in a humid savanna in Côte
d’Ivoire. Grass production was calculated using several meth-
ods to better discriminate the contribution of the different
grass compartments. Above-ground grass biomass is higher in
the open than under canopies during the second part of the
growing season, but there is no difference in grass necromass
dynamics. Physical protection of grass necromass by tree litter
against decaying under tree canopies was assumed to explain
this discrepancy. Grass production, calculated as the sum of
positive increments of biomass and necromass, equals 1073 g
m–2 yr–1 in the open, against 74 % underneath trees. However,
basal ground cover is only 50 % of that in the open. Compari-
son with other savanna studies as a whole does not show any
significant effect of rainfall on the relationship between under-
canopy and outside-canopy grass production. However, in
arid conditions, grass production tends to increase under light-
canopied trees (mostly Acacia legumes) which hardly affect
grass photosynthesis, but add high quality litter to the soil
surface.

Keywords: Canopy effect; Côte d’Ivoire; Lamto; Tree/grass
relationship; West Africa.

Introduction

Savannas represent ca. 20 % of the world’s terres-
trial area and more than 50 % of the southern continents.
They are characterized by a continuous grass layer
coexisting with more or less densely scattered trees
(Frost et al. 1986). Savanna structure and dynamics is
considered to be mostly determined by soil moisture,
soil nutrients, fire and herbivores which act on the
interrelationships of trees and grasses (Skarpe 1992).
Generally, both layers are considered to develop com-
petitive interactions (Walter 1973; Walker & Noy-Meir
1982; Knoop & Walker 1985). However, by modifying
resource availability to understorey grasses (Kessler &
Breman 1991; Vetaas 1992), trees can produce either
detrimental or beneficial effects on grass production. In
East Africa, Belsky et al. (1989) and Weltzin &

Coughenour (1990) found a higher production under
tree canopies. In contrast, in Southern Africa, Grunow
& Bosch (1980) observed a lower understorey biomass
suitable for grazing, and in West Africa, in an agricul-
tural system, Kessler (1992) found lower sorghum grain
yields under trees. The above-mentioned studies deal
with isolated trees, generally legumes, whereas our study
of a natural humid savanna in West Africa concerns the
effect of non-leguminous tree clumps, isolated trees
being uncommon in this savanna.

The aim of the study was to determine the relation-
ship between tree clumps and grass biomass dynamics
and production. A detailed analysis of the impact of tree
cover on grass dynamics should enable a more accurate
estimate of savanna grass production at site and land-
scape levels than formerly made by Menaut & César
(1979). Such processes may be incorporated in the model
of savanna functioning developed for Lamto by Gignoux
(1994) to explore the effect of fire intensity and hetero-
geneity on tree community dynamics.

Study site

The study was conducted at the Tropical Ecology
Station of Lamto, Côte d’Ivoire (6° 13' N, 5° 02' W) at
the forest-savanna boundary. Mean rainfall is 1200 mm/
yr and varies considerably in seasonal distribution and
annual total (data from Lamto Geophysical Station since
1962). Mean annual temperature is ca. 27 °C with a  very
small seasonal variation (± 1 °C). Soils are tropical fer-
rugineous soils with sandy texture. The work was lo-
cated in the most widespread savanna type, the shrub
facies, where trees are mostly gathered into plurispecific
clumps (Menaut & César 1979). On the sample site,
trees belong to three species only: Crossopteryx febrifuga
(Afzel. ex G. Don) Benth., Bridelia ferruginea Benth.
and Cussonia barteri Seeman. Both in the open and
under tree clumps, the herbaceous layer is continuous
and consists for more than 90 % of perennial tufted
Poaceae (Menaut & César 1979). Hyparrhenia diplandra
(Hack.) Stapf is the dominant grass on the sample site.
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Annual bush fires destroy the grass layer and drastically
limit tree recruitment (Menaut 1977) except under tree
clumps where fire intensity decreases and seedling sur-
vival increases (Gignoux 1994). Such an effect is usu-
ally attributed to a change in grass fuel biomass and
structure under tree clumps. There is no livestock and
hardly any wild ungulates in Lamto.

Material and Methods

18 tree clumps were arbitrarily selected in such a
way that isolated woody individuals, whatever their
size, and other tree clumps do not affect control samples
from open areas. These 18 tree clumps represent 50 % of
the tree cover provided by clumps in the 3-ha plot where
total woody cover was 19 %. Average number of trees
was 4.25 (S.E. = 0.33) per clump, maximum height 9 m
(S.E. = 1), projected crown area 85m2 (S.E. = 5) per
clump and trunk area 0.39 m2 (S.E. = 0.04) per clump.

The basal ground cover of grass tufts was measured
15 days after a bush fire, when the tuft bases were still
conspicuous. Eight radial transects per tree clump were
chosen at random on which vegetation was sampled on
2 m long segments under tree clumps and in the open
(144 segments in each situation).

The above-ground phytomass dynamics of grasses
were determined from the same clumps. As the canopy
of each clump was not large enough to support more
than ten plots without disturbing the neighbouring plots,
six tree clumps per month were sampled from February
1989 to February 1990. All sample plots were chosen at
random and marked in the field before the experiment
was started, in order to avoid any disturbance during
vegetation growth. The vegetation was harvested on
two 1-m2 plots under each tree clump and two in the
open near each clump (12 m2 each month for each
situation). Under tree clumps, plots were 2 m inside the
canopy edge, whereas in the open they were only 3 m
away from the canopy edge due to occasional occur-
rence of neighbouring trees. Above-ground phytomass
was clipped at ground level. Green biomass was sorted
by species to compare the abundance values for the
dominant species in both situations. Standing dead ma-
terial was differentiated from green biomass and added
to grass litter to give grass necromass. Tree litter was
also collected. Samples were oven-dried and weighed.

The assessment of grass production is highly de-
pendent on the method of calculation. Singh et al. (1975)
showed that the choice of method can influence the
conclusions. Summing production by species or species
groups has not been selected due to the high variance in
the data. For some species, variations in space can be
greater than variations over time and can lead to an

overestimation of production (Singh et al. 1975), associ-
ated with large error terms (Singh & Yadava 1974). In
order to compare grass production in open and canopy
situations, several methods of calculations, chosen for
their relevance to local field conditions, have been used
(see Table 3, below). A small difference between both
situations might well be concealed by methods of calcu-
lating net above-ground primary production. The maxi-
mum phytomass (method (a) in Table 3) or peak bio-
mass (b) produces lower values than the actual grass
production because all species do not reach their peak at
the same time, and because decomposition occurs dur-
ing the growing season. Summing positive increments
of phytomass (c), biomass (d), necromass (e) or both
biomass and necromass (f) also results in underesti-
mated production values, as it does not account for the
decomposition of the litter compartment (Singh et al.
1975), especially at the end of the vegetation cycle,
when biomass production does not balance mortality
(Abbadie 1983). The last method (g) gives theoretically
the most accurate values (Fournier & Lamotte 1983):
positive increment of biomass is always taken into ac-
count, while positive increment of necromass is taken
into account when increment of biomass is positive and
when the absolute value of the increment of biomass is
smaller than the increment of necromass (in this later
case both are added).

Biomass data were subjected to analysis of variance
with the SAS package (Anon. 1990). These data were
log or square-root transformed to achieve normality.
Differences between the means were tested according to
the Scheffe’s test (Scheffe 1959).

Results

Ground cover under tree clumps was half of that in
the open (Table 1). It resulted from the different
physiognomic traits of the herbaceous layer: first, the
number of tufts per unit area was greater in the open,
especially for tufts wider than 10 cm; second, the aver-
age tuft width was greater in the open.

The above-ground biomass dynamics was signifi-
cantly modified by tree canopies (Fig. 1a). In the open,
grass biomass increased until it peaked in October, at
the beginning of the flowering period, and then de-
creased until fire occurred in mid-January. Under tree
clumps, grass biomass followed the same trend as in the
open at the beginning of the cycle but was significantly
lower than in the open from June onwards. Although not
significant, the apparent November peak is coherent
with field qualitative observations showing that plant
greenness remained longer under tree clumps than in the
open and that the maximum of flowering occurred one
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month later (November) under tree clumps than it did in
the open (October). Stem height was slightly lower
under tree canopies in November (Table 2). The bio-
mass contribution of the main species to the total bio-
mass was similar in the open and beneath tree clumps
(Fig. 2). Nevertheless the specific composition was
different in both situations, but the strict sun-loving and
shade-loving species which contribute little to the total
biomass were not separated (Menaut & César 1979).
Under tree clumps, above-ground net production was
between 51 and 90 % of that in the open, depending on
the calculation method (Table 3).

Grass necromass showed no significant difference
between open and canopy situations (Fig. 1b). Grass
necromass was nearly completely burnt in mid-January
and increased steadily by approximately 50 g/m2 each
month. In the open, woody litter remained very low all
year (Fig. 1c). Beneath tree clumps, tree litter was also
burnt by bush fires, with the remaining leaves falling
during the few days after the fire. Two periods can be
distinguished: from February to July-August, when tree
litter decreases due to decomposition in the absence of
further input; from August to January, when tree litter
accumulates because of leaf fall, and in spite of decom-
position.

Fig. 1. Above-ground grass biomass dynamics (a), above-
ground grass necromass dynamics (b) and tree litter dynamics
(c) under tree clumps and in the open.

Table 1. Basal ground cover and tuft characteristics under tree
clumps and in the open. Differences between under-canopy
and open situation are all significant (Mann Witney U-test, p <
0.0001). Ground cover is expressed as %, i.e. linear m of
ground covered by vegetation per sampled ground linear m.

Under tree clumps In the open
mean (S.E.) mean (S.E.)

Ground cover (%) 6.23 (0.45) 12.03 (0.60)
Tuft number per linear m 1.32 (0.07) 2.06 (0.08)
Tuft width (cm) 4.54 (0.30) 6.23 (0.33)
No. of tufts wider than 10 cm 0.18 (0.03) 0.43 (0.03)

Table 2. Number of stems per m2 and mean height (cm) with
associated standard error (S.E.) for Hyparrhenia, measured on
12 m × 1 m plots, in November and December 1989 and
January 1990, in the open and under tree clumps. Differences
between open and canopy situations for stem height are sig-
nificant only in November (Mann Witney U-test).

Month Situation Number Mean height S.E.

November Canopy 27 154 3.5
Open 46 168 2.7

December Canopy 24 146 4.1
Open 56 140 2.4

January Canopy 12 105 3.6
Open 25 105 2.7
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- Secondly, evidence in a previous study indicated that
shading by tree clumps in Lamto savanna can poten-
tially limit grass photosynthesis (Mordelet 1993). Over
a day, the assimilation rate can be five to six time lower
for continuously shaded leaves under canopies than it is
for leaves in open conditions in full sunshine. The
detrimental effect of shading on primary production is
partly balanced by sunflecks through the canopy but
could nevertheless play a role.

Given that above-ground biomass was lower under
tree canopies, necromass was expected to be lower
under canopies. Greater potential microbial activity un-
der tree clumps (Mordelet et al. 1993) should have
increased the difference by increasing decomposition
rates under canopies. However, there was no significant
difference in herbaceous necromass. One hypothesis
refers to the protection of grass litter by tree leaf litter.
After fire, the remaining tree leaves fall on the bare
ground. Tree litter is then directly available to termites
which constitute the major agent of litter removal. Ter-
mites prefer tree litter to grass material (Lepage et al.
1993). In addition, tree leaf litter on the ground prevents
grass litter from being in contact with the soil, thus
reducing its decomposition rate. Outside canopy clumps,
termites will consume grass litter in the absence of tree
leaf litter. Thus dead grass material can accumulate in
the presence of tree litter, i.e. under canopies.

In Lamto, in the open, Menaut & César (1979)
calculated the total above-ground productivity of the
herbs for Andropogonae savanna (summation of posi-
tive increments of biomass and necromass) as ranging
from 12.8 t ha–1 yr–1 (open shrub savanna) to 16.1 (dense
shrub savanna). For the same facies, the herb layer
production varied, according to the calculation meth-
ods, from 7.0 to 13.9 t ha–1 yr–1 (César 1971) and from
9.4 to 12.8 t ha–1 yr–1 (Abbadie 1983). Our results are in
good agreement with these previous studies but the

Fig. 3. Influence of trees on above-ground
grass production, calculated as production be-
neath trees / production in the open (%), along
a rainfall gradient.

Discussion

Under tree canopies, the herbaceous cover was sparser
than in the open, due to a lower basal ground cover, with
fewer and smaller tufts, and shorter stems. Two main
hypotheses can be proposed to explain the difference
between canopy and open conditions, both referring to
the modification of environmental conditions under the
canopy:
- Firstly, beneath tree clumps, soil water content dynam-
ics is slightly lower during the growing season (Mordelet
et al. 1993). However, from July to peak phytomass, soil
water content remains above the water holding capacity,
and water should be available in both situations. Ac-
cordingly, it should not account for much of the lower
biomass under tree clumps.

Fig. 2. Mean annual contribution of the main species to the
total biomass under tree clumps and in the open.
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Table 3. Grass production (g m–2 yr–1) under tree clumps and in the open situation assessed by different calculation methods, and
percentage of the production under tree clumps in relation to that in the open (%).

Under tree clumps In the open %

a. Maximum of phytomass (Nov.)   655 (Oct.)   977 67
b. Maximum of biomass (Jul.)   322 (Oct.)   632 51
c. Sum of the positive increments of phytomass 771 1046 74
d. Sum of the positive increments of biomass - S1 394 648 61
e. Sum of the positive increments of necromass - S2 486 541 90
f. S1 + S2 880 1189 74
g. Sum of increments of biomass and necromass* 794 1073 74

* See text for explanation

The production under canopies relative to that in the
open (ca. 70 %) differs clearly from the percentage of
canopy/open basal ground cover (ca. 50 %). This implies
that the production rate per unit of ground cover is higher
under tree clumps than in the open. Apart from the
possible bias induced by grass necromass dynamics, two
environmental constraints suggest that the difference
could result from differences in the allocation pattern of
assimilates. It is predicted that the more a resource  limits
production, the more plants will allocate energy to ac-
quiring this resource (Tilman 1990). First, organic car-
bon and total nitrogen content as well as potential micro-
bial activity are higher under tree clumps (Mordelet et al.
1993). Consequently, nutrient uptake should be easier
under tree clumps than in the open. Second, light inter-
ception by tree canopies should increase the allocation
to the leaves in order to compensate for light deficiency.
Thus, there should be higher shoot/root ratios under tree
clumps. A higher shoot/root ratio under tree canopies
was indeed reported in oak savannas (Jackson et al.
1990) and in East Africa (Belsky et al. 1989). Light
interception by tree canopies is considered to be the most
important factor responsible for the depletion of grass
layer biomass and production under tree clumps, despite
soil enrichment by tree litter. This reduces grass fuel and
could result in fire heterogeneity which is supposed to
play a major role in the dynamics of the woody commu-
nity (Menaut et al. 1990; Skarpe 1991).
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comparison shows that in spite of a considerable amount
of field work, the assessment of primary production is
not accurate.

All calculation methods show lower grass produc-
tion under canopies, varying from 51 to 90 % of the
production in the open situation. According to the above
hypothesis of a slower necromass decay under tree
clumps, methods of calculation incorporating grass
necromass should be considered with care, as produc-
tion in open areas would probably be underestimated to
a greater extent than under canopies.

Lower grass production values under canopies were
also recorded in South African savannas (Grunow &
Bosch 1978), but in East African savannas some authors
found a higher grass production under isolated trees
(Belsky et al. 1989; Weltzin & Coughenour 1990).
Results of different studies along a rainfall gradient, in
savanna formations sensu lato, show that the enhance-
ment or depression of grass production by tree canopies
is not related to rainfall (Fig. 3). However other proc-
esses could hide this effect:
1. Differences in calculation methods (which were not
fully described in all quoted papers).
2. The effect of tree cover density and leaf area index of
trees. Compared with the open situation, the highest
grass production was recorded under acacia and boabab
trees (Fig. 3, Belsky et al. 1989; Weltzin & Coughenour
1990), which are known to have light foliage and conse-
quently should have a low light interception and only
induce a slight limitation to photosynthesis. The impor-
tance of the density of tree canopy cover was also
emphasized by Kennard & Walker (1973). They meas-
ured higher biomass of Panicum maximum under open
canopies but lower under closed canopies as compared
to open areas.
3. Soil enrichment by nitrogen fixing species, like aca-
cias which results in an increase in yield (Dancette &
Poulain 1969). The greatest enhancement of grass pro-
duction is found under leguminous trees (Fig. 3, Belsky
et al. 1989; Weltzin & Coughenour 1990).
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