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Abstract — Can livestock grazing and/or fire regimes be used to promote coppice growth in Sudanian savannah silviculture? Effects of
livestock and prescribed fire regimes on stool sprouting after selective cutting were followed during 6 years. Half the initial basal area
(at stump height) of 10.8 Aiha® (500 stems h&) was cut on 48 plots of 0.25 ha each. In a split-plot design with and without livestock,

the effects of annual “early fire” (as soon as possible after end of the rainy season), no fire and 2 years without fire were tested. With mo-
derate (50% of the potential) grazing of 0.7 TLUhstump mortality decreased and basal area per stool (stems > 10 cm GBH) increa-
sed, which we assume was due to reduced sprout/grass competition. Fire regimes had no major impact and no significant interaction was
found. Six years after cutting, coppice basal area was 2ht corresponding to a recovery of 20% of the initially removed area.

grazing / browsing / early fire / stool sprouting / fuelwood

Résumé — Effets du paturage et du feu prescrit sur I'évolution d’'un taillis aprés coupe sélective d’'une savane soudanienne au

Burkina Faso. Le paturage et/ou le régime de feu peuvent-ils étre utilisés pour promouvoir la croissance des rejets de souche apres
coupe en savane soudanienne ? Les effets du paturage et d’'un régime de feu prescrit, sur I'évolution d’un taillis aprés coupe sélective, ont
été étudiés pendants six années. La moitié de la surface terriére initiale (a hauteur de souche)del@@Mtiges hal) a été coupée

sur 48 parcelles de 0,25 ha chacune. Dans un dispositif split-plot avec et sans paturage, différents régimes de feu, a savoir un feu précoce
annuel (appliqué le plus tét possible apres la saison pluvieuse), pas de feu et deux ans sans feu ont été étudiés. Avec undeitirage mo
(50 % de la capacité de charge) de 0,7 unités de bétail tropical par hectare, la mortalité de souche a diminué et la surface terriére
(tiges > 10 cm DHP) par souche a augmenté. Les régimes de feu n’ont pas eu d'impact majeur etil n’y a pas eu d'interactions significati-
ves. Six années apreés la coupe, la surface terriére des rejets était @bat’lanrrespondant a un taux de recouvrement de 20 %.

paturage / paturage aérien / feu précoce / régénération par rejet de souche / bois de feu
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1. INTRODUCTION ecological and economic importance of sprouting for
survival or reproduction after wood harvesting [1, 4, 7,
23, 26, 30], fires [19, 20, 33] and shifting cultivation [18,
Silviculture in savannah ecosystems must take timing, 25] has been well documented.
frequency as well as intensity of fire and grazing intoac-  Co-existence of woody and herbaceous plants in sa-
count. Inthe Sudanian Zone itis estimated that 25 to 50% vannah ecosystems enhances the possibilities for multi-
of the areais burntannually [11], and all areas burn every purpose management, such as continuing grazing and
2-3 years primarily due to anthropogenic causes [21]. wood production. Grass production is confined to the
However, temporary suppression of fire could also be rainy season but woody plants flush some months before
considered human disturbance, since “natural” fires the first precipitation of the rainy season and the young
would occur every 5-10 years [21]. The probability of foliage constitutes valuable fodder when grass is scarce,
fire occurrence increases proportionally to the amount of although browsing (livestock eating woody leaves and
grass fuel available, with a maximum effect above 3tha shoots) is an important source of protein also in the rainy
[36]. Late fire (fire at the end of the dry season) when bio- season [24]. This difference in the phenology of woody
mass is dry, is more fierce and devastating for woody and herbaceous plants ensures the availability of quality
shoots than early fire (i.e. as soon after the end of the fodder throughout a large part of the year [9]. The savan-
rainy season as possible) when the vegetation moisturenah ecosystem, characterized by the co-dominance of
content is still high. The effects of fire are not homoge- two different life forms, grasses and trees, is a biome
neous, in particular early fires create a spatial heteroge-with a physiognomy that is neither grassland nor forest.
neity because of a spatial variability of the moisture From a manager’s point of view, the balance between
content in the vegetation. For instance annual and perentrees and grass can be tipped in favor of grasses by burn-
nial grasses dry out after different time lapses after the ing, low grazing pressure or tree cutting; or in favor of
end of the rainy season. Moreover, there are strong inter-trees by excluding fire and intensive grazing [32].
actions between fire and termites affecting decomposi- Browsing may prevent seedlings from establishing [3]
tion of grasses, nutrient cycles, hydrology and spatial and reduce height growth of coppice stems, thus sup-
heterogeneity of biomass [14, 22]. It has been proposedpressing their recruitment into the adult stage where buds
to adopt the use of early fire in national forest policies to are “safe” [16] from fire. Limited browsing of coppice
reduce intensity or avoid late fire by creating a spatially stems per se without fire will rarely cause stool mortality.
discontinuous (patchy) supply of herbaceous fuel load |n an experiment in Cameroon, Peltier and Eyog-Matig
[9, 11, 21]. Moderate cattle grazing and trampling may [29] found higher wood production with, than without
also reduce grass in a patchy manner, thus creating dis{ivestock grazing, which they believe was due to reduced
continuous fuel load and vice versa [14]. grass competition and less intensive grass fires.

Foresters recommend annual early burning, because Can livestock grazing and/or fire regimes be used
total fire exclusion is considered difficult to achieve [4, to promote coppice growth in Sudanian savannah
21], asin any case, burning is needed in pasture managesilviculture? Following cutting, sprouts are vulnerable to
ment [34, 35]. Recurrent fires however, cause a shift in fire and intensive fire is likely to seriously damage or Kill
the species composition, favoring species capable of veg-sprouts. Total fire suppression for longer time periods
etative reproduction [14, 17, 20]. Factors like bark prop- than a few years is not a realistic forest management op-
erties and wood basic density vary among savannahtion in a savannah environment where fire is used in agri-
species [1, 27] and together with coppice growth rates culture and livestock production. Fire suppression is
they define strategies for fire resistance in the reproduc-needed in particularly the first years following cutting
tion stage of savannah trees [9, 16]. Before sprouts reachuntil stems have reached the free to grow stage above
the free to grow stage above the grass layer, they will sit grasses. Early fire might be a way to reduce fuel load and
in the fuel bed where there is arisk of damage. Some spe-+o create discontinuous herbaceous layer, which could
cies may resist almost any fire condition, while others prevent late fire frequency and intensity. We assume
rely on rapid stem growth and re-sprout vigorously after grazing reduces grass/sprout competition, but there is a
stems have been killed by fire [16]. Recurrent fires could risk of livestock browsing seriously damaging sprouting.
limit growth of above as well as belowground structures Further we assume there are interaction effects between
[31]. In a savannah prone to recurrent fires, seasonallivestock grazing and fire regimes. For instance livestock
translocation of carbohydrates between shoots and rootgrazing could reduce fuel build-up when total fire pro-
could be an essential prerequisite for sprouting [10]. The tection is used during the initial stage following cutting.
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In order to study coppice growth with regard to manage- index [6] of 3.7. The most frequently encountered soils
ment options discussed above, a split plot experimentare tropical hardened leached ferruginous soils and the
with selective cutting and the following fire management main properties according to FAO [13] classification of
options with and without livestock fencing were ana- the soils in the experimental site were: clay (24.8 +
lyzed: (1) prescribed annual “early fire”; (2) permanent 7.7%), fine silt (15.0 + 4.3%), coarse silt (25.4 + 3.0%),
fire protection; (3) fire protection for two years, and fine sand (21.7 + 6.7%), coarse sand (13,1 + 4.2%), total
thereafter annual early fire. Coppice growth was studied organic matter (1.8 + 0.7%), total N (0.1 + 0.0%), C/N
using following parameters: stool mortality, develop- (11.4 + 4.6%), available P (1.4 = 0.7 ppm), pH®
ment of shoot height, basal area growth as well as num-(6.2 + 0.5) [28]. The vegetation is tree and shrub savan-
ber of stems per stool. nah with a grass layer dominated by the annual grasses
(Poaceae) Andropogon pseudapricusand Loudetia
togoensisand the perennial grass (Poacedrjiropogon
gayanuq15]. Out of the 137 grass species encountered,
annuals (101) dominated but perennials (36) had the larg-
est biomass. Annuals were most frequently found on
shallow soils and perennials dominated on deeper soils.
2.1. Study area A total of 74 woody species were encountered and one
third of these were considered to have tree stature and
two thirds are considered bushes with some few lianas.
The experimental site is located on a flat area in Tiogo |dentification of species and families of plants were
state forest (1211’ -12° 24’ N, 2°39'-2°52' W) atan ~ made according to Guinko [15]. Mean basal area at
altitude of 300 m a.s.l. in Burkina Faso, West Africa. stump level (20 cm) was 10.8%ha?, the corresponding
The reserve covers 30 000 ha close to the only permanentigure at breast height (130 cm) was 5.9ma* and stand
river in the country (Mouhoun). Phyto-geographically, it density was around 500 woody individuals hiaaving
is situated in the Sudanian regional centre of endemismat |east one stem > 10 cm GBH (girth at breast height)
[37] in the transition from the north to south Sudanian (table Il). Mimosacea@andCombretaceadominated the
Zone [15]. The unimodal rainy season lasts 6 months woody layer and in terms of basal area, the main species
(May to October). The mean annual rainfall for the study were Entada africana, Lannea acida, Anogeissus
period (1994-99) at the site was 830+ 177 mmiwitha  |ejocarpusand Vitellaria paradoxa(table 11). The live-
large inter-annual variability and the number of rainy stock carrying capacity in Tiogo state forestwas 1.4 TLU
days yr*was on average/+ 5 (table ). Mean minimum  (tropical livestock unit) ha [34] and the grazing pres-
and maximum temperatures were’@Band 32°CinJan-  sure in the experimental site was estimated to about half
uary and 26C and 40°C in April, resulting in an aridity ~ of this capacity based on number of livestock in sur-
rounding villages. Grazing was dominated by cattle al-
though sheep and goats were present. The site was

Table I. Mean annual rainfall and number of rainy days mea- 0ccasionally visited by elephants but they had no major

2. MATERIALS AND METHODS

sured at the experimental site during the study period. impact. Tiogo state forest was delineated by the colonial
: : administration in 1936 but cultivation has taken place for
Year Rainfall Number of rainy centuries and fuelwood has been transported to a town at
(mm yr?) days yr 50 km distance for the last decades.
1993 748 45
1994 1130 60
1995 719 55 2.2. Experimental design
1996 872 58
1997 692 57 .. . . . ..
This is a split-plot experiment with 4 replications. The
1998 652 49 experimental site of 18 ha was split into two contiguous
1999 995 55 main plots where livestock was excluded in one of them
Mean 830 54 by fencing. Each main pIot. was further divided into
- 4 half-blocks (2.25 ha) containing 9 sub-plots of 0.25 ha
Standard deviation 177 5

(50 by 50 m) each separated by 20—-30 m fire-barriers, to
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Table Il. Species composition, local udd)( growth form GF), maximum heightKl), as well as mean basal area and stand density be-

fore and after selective cutting. P stands for protected species; Po for timber and poles; PF for poles and fuelwood; F for fuelwood and
others; T for tree; B for busi§number of small individuals (stem < 10 cm girth at breast height (gbf}) Kmumber of large individuals

(stem > 10 cm gbh) hg Ba20for basal area at stump lev@al30basal area at breast height (130 cmijyar. The category “others”in-

cludes a total of 34 species.

U GF H before cutting after cutting
(m)
S N Ba20 Bal30 N Ba20 Bal130
Species Family (m? ha?) (m? ha?) (m? hal) (m? ha?)
Entada africana Guill. et Perr.* Mimosaceae F B 4 178 83 1.35 0.74 7 0.01 0.02
Lannea acida A. Rich. Anacardiaceae P T 12 126 29 1.02 0.68 29 1.02 0.68
Anogeissus leiocarpus (DC) Guill. et PenCombretaceae PF T 15 139 22 0.92 0.31 15 0.46 0.09
Vittelaria paradoxa Sapotaceae P T 15 212 20 0.90 0.58 19 0.71 0.52
Detarium microcarpum Guill. et Perr.* Caesalpiniaceae PF T 12 115 43 0.85 048 26 0.26 0.06
Terminalia avicennioides Guill. et PerrCombretaceae P T 15 157 18 0.52 0.33 16 0.30 0.18
Piliostigma thonningii (Schum.) Miln-RedCaesalpiniaceae F B 4 76 34 051 0.28 0 0.04 0.05
Tamarindus indica L. Caesalpiniaceae P T 16 18 5 0.47 0.31 5 0.47 0.31
Acacia macrostachya Reichenb. ex Benthimosaceae F B 5 444 43 0.45 0.21 11 0.13 0.08
Combretum nigricans Lepr. ex Guil. et PenCombretaceae  PF T 12 212 35 0.37 0.18 27 0.22 0.12
Sclerocarya birrea (A. Rich.) Hoschst.Anacardiaceae P T 15 94 8 0.28 0.20 8 0.28 0.20
Combretum micranthum G. Don Combretaccae F B 5 80 20 0.23 0.11 12 0.15 0.07
Pterocarpus erinaceus Poir. Papilionaceae P T 17 219 3 0.23 0.11 3 0.23 0.11
Combretum glutinosum Perr. ex DC.* Combretaceae  F T 10 67 10 0.22 0.08 2 0.06 0.03
Mitragyna inermis (Wild.) O. Ktze. Rubiaceae Po T 12 3 2 0.21 0.12 1 0.13 0.07
Combretum ghazalense Engl. et DielsCombretaceae  F T 12 94 14 0.19 0.09 6 0.04 0.04
Terminalia laxiflora Combretaceae P T 12 70 7 0.18 0.12 7 0.17 0.11
Balanites aegyptiaca (L.) Del. Balanitaceae P T 8 30 8 0.17 0.09 8 0.16 0.09
Ximenia americana L.* Olacaceae F B 83 12 0.15 0.05 6 0.08 0.03
Others 1242 86 1.61 0.87 50 0.82 0.50
Total 3656 509 10.82 593 255 5.76 3.30
* Species coppice growth investigated in this study.
which 9 treatments were randomly assigr{idure 1) Establishment of experiments in “natural” forest eco-

On 6 out of the 9 subplots, selective cutting was systems involves a number of difficulties with regard to
performed resulting in a net experimental area of 1.5 hathe initial heterogeneity of the vegetation. We assumed
per half-block. In this study only 3 treatments per half- there was a random distribution of species, soil condi-
block were considered. On each half-block the following tions and livestock feeding habitats. Moreover, a distur-
3 treatments were applied on 2 sub-plots each: (A) an-bance factor like the selective cutting makes conditions
nual early fire, (B) permanent fire protection (no fire), more homogeneous (a baseline). Preferably, blocks
and (C) initial fire protection for two years and annual should have been placed in different parts of the forest
early fire thereafter (2-year initial fire protection). Pre- but due to practical reasons (fencing and fire-barriers),
scribed early fire was applied simultaneously on all plots one large fenced-off area was put in place resulting in
each year at the end of the rainy season (October—No-four contiguous half-blocks, which precluded random-
vember) when the grass layer humidity was approxi- ization of fencing within each block. Blocks were situ-
mately 40%. ated along a gentle slope where the soil depth varied.
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Figure 1. Experimental design (split plot) with and without live-

2.3. Characteristics of the selective cutting

All woody (tree and bush) species were grouped into
four categories depending on their local uses [35]: (1)
protected species, (2) timber and poles (3) poles and
fuelwood, (4) fuelwood and othersaple Il). Vitellaria
paradoxa(shea butter tree) andterocarpus erinaceus
(forage) were the main protected species. The other cate-
gories were cut according to butt diameter size: tim-
ber > 30 cm; poles and fuelwood > 14 cm; and fuelwood
and othes > 8 cm.Detarium microcarpum, Anogeissus
leiocarpusand Terminalia avicennioidesvere the most
common fuelwood species. All damaged individuals
were cut irrespectively of dimension or species. Cutting
was performed during December 1993 in the dry season
using local axes and machetes. About half the number of
stems per ha (corresponding to 44% of the basal area at
breast height) for 52 species out of 74 on the experi-
mental site were cutEntada africanaand Detarium
microcarpumwere the most common species making up
26% and 12% respectivelyaple I1) of the 5.8 i ha* at
stump height that were cut.

2.4. Data collection and analysis

Every stool was surveyed at the end of the dry season
(May) during six consecutive years (1994-99). The fol-
lowing parameters were recorded:

— stump mortality (stumps have not sprouted or the
shoots have died),

— height (or length along the stem if the shoot is leaning)
of stems,

— girth (stems > 10 cm GBH) at stump height (SH) and
at breast height (GBH).

We assume a stem > 10 cm GBH, which corresponds
to a height of about 2 meters, could withstand browsing
and fire. This threshold value is based on the assumption
that self-thinning takes place among stems < 10 cm GBH
and therefore girth and basal area has not been measured
for these stems. In analogy with seedlings and saplings in
sexual reproduction the number of stems below this
threshold value (< 10 cm GBH), represents the recruit-
ment of “future stems” per stool.

Stump mortality for each year was calculated as num-
ber of stools recorded dead divided by number of stumps
at the start in 1993. Girth (stems > 10 cm GBH) was

stock on main plots and three fire regimes on sub-plots: (1) an- measured in centimeters with a tailor-tape and the basal
nual early fire, (2) no fire, (3) 2-year fire protection followed by ~area was calculated per stool. Stem height was measured

annual early fire.

with a graded pole. Statistical analysis was made on
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mean values for each of two subplots per half-block for combined, 20% dead stools and it varied from 5%
the parameters above. This was calculated for all specieCombretum glutinosupto 54% iliostigma thonningii
combined and for each of the 9 main species tatil¢ I1) (table 11).

each year (1994-99). The analysis of variance was per-

formed with the following general linear model (GLM): In 1994 there were about 9 stems per stool (including

stems < 10 cm GBH) all species combined and by 1999 it
Yie= w+ Bi+ L+ (BL); + Fy+ (LF)y + ey had decreased by self-thinning to about 4 out of which
whereY;, was the response variable for a dendrological 0-8 Stems >10 cm GBH per stodigure 3A).Thus, still
parameterp was the overall mear, was the effect of after six years there was a recruitment of stems > 10 cm
block (replication), L, was the effect of livestock (main- GBH for which the basal area was calculated. For the
plot) j andF, was the effect of fire (sub-plo§. The pa- 9 species mostly cut, there were 4.9 stems per stopl, of
rameters,, L;, F,and their interactions were regarded as which 1.4 stems > 10 cm GBH the sixth year following

fixed effects. The experimental errey, (= (BF); + cutting(table IIl). However there were large differences
was used as error term for testihg Multiple compari- /-2 Stéms per stool of which 1.1 stem >10 cm GBH,
sons were made with Tukey’s test to detect differences WhereasCombretum glutinosurmaving 4.7 stems per
betweerF, [38]. The level of significance was 5%. stool of which 2.6 stems > 10 cm GBH.

For the 9 most common species the stem height was
218 cm in 1999 (6 years) and for stems > 10 cm GBH
the corresponding figure was 378 ditable Ill). Basal
area per stool at stump (Ba20) and at breast height
(Ba130) was 58 chand 29 cm, respectivelyAnogeissus
, ) . leiocarpushad the largest Ba20 (110 émand height
3.1. Coppice growth and species specific responses (496 cm). Detarium microcarpum had the largest

number of stems per stool with 7.2 and they had an aver-

Stool mortality was largest the first year after cutting age height of 161 cm. Per hectare Ba20 was 2 m
(1994) with an average of 15% and thereafter itincreased(201stumps< 58 cnf, table 11l) and Ba130 was 0.6 fn
by about one point per year to a total mortality of 20% (201stumps< 29 cn¥f). Six years after the selective cut-
during 1999 {able III). All 52 species that were cut ting the degree of recovery of Ba20 was 20% and of
sprouted, but sprouting ability varied among them. Six Bal30 was 10%, disregarding the growth of non-cut
years after cutting there were on average, all speciesstems in 1993.

3. RESULTS

Table lll. Mean values of 48 plots with a size of 0.25 ha each, for dendrological parameters of coppice growth per species, six years after
selective cutting in a coppice system. Basal area is calculated for stems > 10 cm gbh (girth at breast height).

species Stools hat Mortality Stems Stool-1 Basal area (ha') Height of stems (cm)
nb %  allstems >10cm gbhBa20 Bal30 allstems >10cmgbh

Anogeissus leiocarpus (DC) Guill. et Perr. 6 18 6.4 2.0 110 a7 265 496
Acacia macrostachya Reichenb. ex Benth. 28 13 34 15 45 26 263 365
Combretum ghazalense Engl. et Diels 7 12 5.6 19 60 29 204 314
Combretum glutinosum Perr. ex DC. 8 5 4.7 2.6 86 45 313 376
Combretum nigricans Lepr. ex Guill. et Perr. 8 13 5.2 2.0 88 47 297 465
Detarium microcarpum Guill. et Perr. 15 10 7.2 1.1 66 30 161 366
Entada africana Guill. et Perr. 74 9 55 0.8 41 20 168 357
Piliostigma thonningii (Schum.) Miln-Red. 15 54 3.6 11 37 20 146 332
Ximenia americana L. 6 16 3.9 0.6 16 9 181 316
others 34 32 4.1 1.0 35 17 204 384

total 201 20 4.9 1.4 58 29 218 378
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Figure 2. Effects of livestock (A and C) and fire regimes (B and D) on basal area and mean stem height during 6 years (1994-1999).
A and B are basal area per stool (stems > 10 cm girth at breast) at stump and breast height. C and D are stem height for stems and
stems > 10 cm GBH separated.

3.2 Livestock effects 3.3 Fire regimes effects

— There was no statistically significant difference in the
stool mortality between the 3 fire regimes. However,

— Stool mortality was 7-8 points lower every year there was a trend to decreasing mortality for early fire
1994-99 p=0.005, 0.006, 0.072 (not significant), 1997-99 than for 2-year initial protection.

0.001, 0.003 and 0.007), i.e. mortality was 63% and _ Basal area per stool was not affected by treatments
50% during 1994 and 1999, respectively. (figure 2B).

— Basal area per stool was larger from the fourth year _ stems were significantly higher for no fire than for

The presence of livestock had several effects:

at breast height(= 0.05, 0.00, 0.01)figure 2A). Stems > 10 cm GBH were significantly higher for no
— Height of stems > 10 cm GBH were slightly shorter  fire than annual early fire in 1996 and 199fig¢
from fifth year, 1998-99 = 0.007, 0.053) f{g- ure 2D).
ure 20. — There was no difference between fire regime treat-
— Number of stems > 10 cm GBH per stool was higher ments but a tendency to more stems > 10 cm and less
starting from the fourth year 1997-9% € 0.004, stems < 10 cm GBH per stool with no fire than for the

0.001 and 0.005)tigure 3A) prescribed fire treatmentfigure 3B).
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Figure 3. Effects of livestock (A) and fire regimes (B) on number of stems > 10 cm GBH per stool.

There were no interaction effects found between live- enhanced coppice recovery after cutting in the presence
stock and fire regimes, nor any significant block effects. of livestock in Cameroon. In southern Africa encroach-
Specific species analyses gave similar results as for allment by the woody layer on the grass layer due to over-
species combined. grazing by cattle is perceived as a major problem for sa-

vannah management [32]. However, livestock influence
on the balance between herbaceous and ligneous vegeta-
tion is complex and depends on the woody species, type

4. DISCUSSIONS of herbivore (cattle or goat), grazing and browsing inten-
sity, rainfall patterns, soil type and human population
density.

4.1 Livestock effects

We assume the reduced mortality and increased cop-

In many parts of West Africa, in particular in the tran- pice growth with livestock is due to a reduction of com-
sition between north Sudanian and south Sahel Zone,peting grass biomass. Grazing was about 50% of the
livestock browsing is considered harmful and sometimes theoretical capacity (1.4 TLU) of this ecosystem, but
devastating for forest reproduction [4, 5], whereas the ef- trampling must also be taken into consideration. In fact,
fect of grazing on reproduction of woody vegetation is Fournier [12] found that cattle intake reached 10 to 50%
less discussed. This has often created conflicts amongof the maximum epigeous herbaceous phytomass in the
herders and foresters on how to manage tree and bush sé&Sudanian Zone and Chidumayo [9] estimated the intake
vannah areas. In this study which is situated in the transi-to 60% in the east and south African savannah. In
tion from north to south Sudanian zone, livestock grazing Guinean savannahs, water stress was significantly higher
reduced stool mortality, increased the basal area andfor regenerating woody plants growing in the presence of
number of stems >10 cm GBH per stool, which indi- grass competition [21]. According to Cesar [8] a short
cates that livestock in the forest may actually be consid- period of overgrazing could be an efficient management
ered part of a silvicultural scheme. The livestock effect tool in the Sudanian-Guinean Zone to enhance woody
was unexpectedly highly significant considering thatin a vegetation growth. In this study we estimate the herba-
split plot design where grazing is applied on the main- ceous biomass production to athéu ha'[35]. Some pe-
plots this factor is “sacrificed”. For instance stool mortal- rennial grasses (i.&ndropogon sp.jeached 3—4 m, and
ity was significant (at the 0.01 level for every year, ex- totally overcast sprouting, which had a mean height of
cept 1997). There was no interaction between livestock only about one meter the first yedigures 2CandD).
and fire regimes and no block effect, which could have Until the height of the largest stems reached grass height,
explained the effects of livestock. The results are in shading is a possible factor for reduced growth as well as
agreement with Peltier and Eyog-Matig [29] who found for stool mortality [30]. At the end of the study period
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there was on average less than one stem per éfigel but there was no significant interaction between live-
ure 3C)reaching grass height. stock and fire regimes to support this hypothesis.

The effects of livestock and fire regime treatments
varied between years and subplots as well as within sub-
plots. The latter variation is integrated in the design of
the experiment as mean value per subplot (0.25 ha) was
. ; sed in analysis. Squared experimental plots of 0.25 ha
but less attent_pn has been pa!d to the reduceq 9rasShave been used in the Sudanian savannah ecosystems to
sprout. cqmpetltlon due to grazing. The probab|l|ty of encompass the spatial variation [29, 30]. Lack of consis-
mortality is likely to be; largest thg first year after cutting tency in time and uniformity in space, regarding treat-
and thereafter mortality of surviving stools could be ex- o nt5in tropical savannah areas have been reported from

pected to remain stable. In fact the effect of grazing on e stydies [19, 33]. Wind velocity, air as well as vege-
relative stool mortality was largest (63%) the first year tation humidity and in particular grass humidity were

and was the_reafte_r reduc_ed marginally (5(.)% in 1999). factors that were difficult to control when applying fire
Could more intensive grazing pressure the first year after regimes. The quantity and composition of the herbaceous

cutting have reduced stool mortality even further? The layer were important factors determining treatment ef-

risk for browsing is highest the first year after Cutting, feetg on a particular location. For instance the mosaic of

&nnual (oudetia togoens)sand perennialAndropogon

. gayanu$ grasses with different life cycles affected the
study we have not obse_rved any damaging effects Ofspatial variability of dry grass at the time of burning.
browsing on stool sprouting. Not all woody species aré amqynt and distribution of annual rainfall over the sea-
cqns@ered palatgble, although most Species are browsegon largely affected the species composition of the herba-
with higher stocking rates. However, grazing and tram- .o ,q |ayer [5, 35]. Another factor affecting the spatial
pling may have damaged seedlings and saplings, whichygerogeneity was the occurrence of bush clumps [36].
have not been included in this study. Since they are very resistant to fire even under extreme
burning conditions, fire generally skirts around the edges
of them, leaving the center unburned. In order to include
the heterogeneity of a fire treatment it would be neces-

2-year fire protection than with early fire the last three sary to record the impact on each stool and even on each

years (1997-1999) for all species combined, which was stem on a qualitative scale.

contradictory to what could be expected. Itlooks like low ~ Stools without any living stem were considered dead
intensity early fire, do not damage even young sprouts and in some cases stool mortality was reduced from year
and therefore this study, does no support a managemento another. Some stools had no living stem at the end of
with initial fire suppression after cutting. In the case of the dry season (May) when the inventory was made but
Detarium microcarpumthe economically most impor-  were found sprouting the following season. Commonly
tant fuelwood, there were indications of a negative effect new sprouts developed close to or under the ground in
of 2-year fire protection on coppice growth, which could particular for species such Betarium microcarpunand

be due to accumulation of decaying grass (necromass)Entada africanaand they could have been taken into ac-
during this period, which increased the severity of fire count during the inventory. In fact, some of the more
the third year (1996). This trend of increased mortality common species (@ Entada africang exhibit different

the first year of burning (1996) with the 2-year fire pro- modes of vegetative propagation making it difficult to
tection treatment was not confirmed when all species distinguish root suckers from basal sprouts that start be-
were included. There was a tendency to faster recruit-low ground. Similar difficulties to identify the extent of a
ment of stems > 10 cm GBH per stool with no fire than Vegetative regenerating individual have been reported in
for the prescribed fire treatmentgure 3B). The 2-year ~ other studies [2, 17, 25, 31].

fire protection treatment had the lowest mean number of
stems > 10 cm GBH per stool. The accumulation of
necromass is an effect of the slow decomposition process
due to the arid climate. It is possible that livestock tram-
pling and manure could accelerate decomposition due to  Moderate livestock grazing does not have a negative
increased termite activity and thereby reduce fuel load, effect on stool sprouting after wood harvesting and

Stool mortality was largest the first year following
cutting (15%) and thereafter only increased marginally
(1 percentage-point ). Livestock is considered most
harmful the first year after logging because of browsing,

with a mean height of about one mefgure 2C) In this

4.2. Fire regime effects

There was a tendency to higher stump mortality with

4.3. Conclusions
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livestock grazing and could therefore be included in  [7] Catinot R., Aménager les savanes boisées afticaines. Un
silviculture. In this study there was a highly significant tel objectif semble désormais a notre portée, Bois Foréts Trop.
positive effect on stool sprouting with moderate grazing, 241 (1994) 53_6:’9' S

despite the low weight given to the factor in the split plot __[8] CesarJ., Etude de la production biologique des savanes de
design. Livestock pressure (0.7 TLU avas estimated Cote d’lvoire etde son utilisation par I’'homme: t_Jlomasse, va_lleur
to be about 50% of its theoretical capacity and this could Fl’g;tzorale et production fourragére, These Universite, Paris VI,
be a reason for the harmless browsing. There was no sig- hid omb | q

nificant interaction between livestock and the three fire . [9 Chidumayo E.N., Miombo ecology and management, an

introduction. IT Publication in association with Stockholm Envi-

regimes investigated. Total fire protection for two years o+ institute. 1997
following wood harvesting had no or negative influence o '

f . [10] Delitti W.B.C., Pausas J.G., Burger D.M., Belowground
on coppice growth performance compared with annual biomass seasonal variation in two Neotropical savannahs (Brazi-

burning. In order to recommend a change in the current|ian cerrados) with different fire histories, Ann. For. Sci. 58
management practices, there is a need to collect further2001) 713-721.

eviderjce frc_)m other .sit.es. The effects of various live- [11] Delmas R.A., Loudjani P., Podaire A., Menaut J.C.,

stock intensities and timing as well as procedures for pre- gjomass Burning in Africa: An assessment of Annually Burned

scribed early fire should also be further investigated. Biomass, in: Levine S.J. (Ed.), Global Biomass Burning.
Atmospheric, Climatic, and Biospheric Implications. The MIT
Press, Cambridge, Massachusetts, London, England, 1991,
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