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Abstract 

A rapidly growing population calls for intensified cropping in the region , endangering 
the ecoiogical and economic success of traditional bush fallowing which depends on a 
si te specific balance of crop and fallow components in space and time. Research has 
hence given trees and shrubs a key role in ecosystem conservation as well as in in
creasing crop yields, yet the contribution of na turally occurring stumps to shoO! bio
mass tum -over in farmers' fields has not been evaluated wi th respect to its agroforestry 
potential. The regrowth and productivity of natural stump species was therefore studied 
in different cropping sys tems and environments in southern B~nin and !;ompared to eJ;
otic agroforestry trees. In fie lds where negative impacts of land-use on na tura! vegeta
tion. such as burning and weeding. was still moderate, 32 stump species wi th densities 
of 0 .0315 m l were recorded contributing a to tal of 14.2 g ml shoot dry matter arter285 
days of regrowth. By renouncing burning and selective weeding, number of stump spe
cies increased to 36 in the subsequent year, producing 98.8 g ml total shoot dry matter 
at densities of 0.086 individuals m 2. lnparticular. spcciesofthe mature fore st such as 
Albi:ia species. BupMa nitida, Lecalliodi5CU$ crlpanoidt s, Morilrda lucida, and Raa
volfia vomitoria responded favorably to prole!;lion, contributing nol only significant 
amounts to shoot biomass turnover, but also being much more efficient in accumulat
ing biomass than exotic agroforeslry species such as Glirieidia st pium. Neither NPK
fertil ization nor planting of fast growing exotic tree species innuenced nalural stump 
growth and productivity in any significa nt way . The preservation and management of 
na tural stumps between crops represents therefore an economic agrofores try option 
wonh consideration in the fUIUTe. This would simultaneously help 10 conserve the mul· 
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tiple products and serviccs of thcse stump species to man as well as preserve the func
tioning of the n3tural ecosystem in the region. 

I.ntroduetion 

Bush-fallow rotat ions are still the predominant land-use system in West Africa. and are 
traditionally managed in sueh fashion that the transition from cultivation to fa llow is 
indistinct and grad ual. with plant populations oscil lating between peak densi ties of 
crops and trees (AWETO, 198 1; BROWN & LUGO. 1990: CLA YTON. 1958; HALL 
& OKAU 1979: HART. 1980: MOSS & MORGAN, 1991 ). Crop and tree popU lations 
rarely reach zero at any time in the cyete. because crop volunteers and usefulltees are 
always protected (ROQUET & AGLI, 1993; MOSS & MORGAN, 1977; UNRUH. 
1988). Even when bush fall ows mature to become sizeable secondary forests they are 
managed by man to provide a multitude of products and benefits for the livelihood of 
the farming family (BRAND. 1976; FLOQUET & AGU 199 1; HUTCHINSON & 
DALZIEL, 1954-1972; JOHNSON & JOHNSON, 1976; OKlBQ, 1977; SOFOWORA 
1982). Farmers in West Africa today reduce the tree component in time and space with 
incrcasing demographic pressure, offsetting the precarious balance between trees and 
crops in traditional bush-fallowing which has been instrumental to the ecological and 
economic stability of the system (EWEL, 1986; KANG et aI., 1990; LEI HNER et aI., 
1993; MOSS & MORGAN, 1977). This proccss currcntly degrades secondary forest s 
to savanna, owing to intensified burning, weeding, tree cutting and destumping in 
fie lds (CLA ¥TON, 1958; KELLMANN, 1980: SANFORD & ISICHEI, 1986; UHL et 
al. 1982: UNRUH, 1988). With the progressive disappearance of secondary forests, 
theirproductsand servicestomanarealso lost,cxaccrbatinginturn human prc:ssure on 
fcw remaining primary forests (BROWN & LUGO. 1990). Nutrient reslOration during 
fallowing depends on a rapid re-establishment of woody vegetation, and soil degrada
tion under intensified cropping on derived savanna-sites is common and develops often 
rapidly (AWETO, 198 1; MOSS & MORGAN, 1977; SANFORD & [SICHEL 1986). 
Derived savanna may revert quickly to secondary forest, providing protec tion from fi re 
and tree cutting (LAMOTI'E, 1975; MACGREGOR, 1937 after CLAYTON. 1958; 
MENAUT & CESAR, 1982), and a sufficient seed bank for recolonization (UHL et aI. , 
1982). The efficiency of site res toration has been shown to re ly on the rapid es tablish
ment of a dense rool system in fallow vegetation and on promoting forest over savanna 
species to ' increase the biomass productivity of the agroecosystem (MOSS & MOR
GAN, 1977). Unruh (1988), proposed the early establishment of woody, successional 
species in farmers' fi elds to be an effective mechanism in site recovery which, accord
ing to Clayton (1958), can be fostcred by conserving ample stumps. suckers and woody 
seedlings between crops. Trees and shrubs are thus given a key role in site recovery 
and ecosystem conservation as wel1 as in the development of more productiVe, yet 
ecologically sound. cropping systems of the future (EWEL, 1986; HART, 1980; 
KANG et al., 1990; LElHNER et aI., 1993), As mentioned in the beginning, farmers in 
West Africa do protect certain tree species during times of more intensive cropping, 
but the ir numbers and composition are nOI based on the biomass productivi ty of tree 
species but rather on sociaL cultural and economic preferences of individual land own-
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ers (BRAND, 1976: JOHNSON & JOHNSON, 1976: OICIBO, 1977). Yet. in regions 
where land pressure is e:o;ceptionally high, trees in crop land have already been noted 
for reasons of faster site recovery and soi l fertil ity maintenance (BOHRINGER et aI. , 
in print; FLOQUET & AGLI, 1991; KANG et al.. 1990), Cunent agricultural research 
in the region focusses also on the development of highly productive agroforeslry sys
tems that combine crops and trees in space and time, Most research, however, evalu
ated only fast-gro wing, exotic tree species. and the contribution of natural stump 
regrowth to shoot biomass tum-over in farmer's fields has not been looked at from an 
agroforestry perspective (KANG et al., 1990; LErHNER et ai " 1993), 

Since mixed cropping is predominant in West Africa (lEIHNER et al. , 1993), it was 
hypothesized that after the harvest of one crop, considerable space often remains un
used in farmers' fie lds which cou ld be quickly taken up by regrowth of n,lIural stumps, 
if they are protected at subsequentwecdings. This could not only recycle considerable 
amounts of shoot biom3ss to the system. bUI should also help in conserving woody 
fa llow vegetation per se, Yet, species composition of natural SlUmps and their biomass 
contribution from shoot regrowth has nOl been quantified in agricultu ral ecosystems. 
The objectives of this study were therefore: (I) to ident ify natural woody species with 
good rcgrowth 3nd their occunenee in mixed cropping; (2) to quantify their contribu
tion to shoot biomass in different cropping systems and (3) to compare their productiv
ity to f:lSt-growing. exotic tree species. Three typical bush-fallows were cleared in 
1991 and large-scale experiments with a cassava-maize intererop were planted. The 
regrowth of n3tural slUmps was studied from mai1.t to cassava harvest in five different 
cropping systems and in three agrosystcms in southern Btnin. 

Siledescription 

The study was conducted at three village locations, situated between longitude 2° 3lId 
3° E in the provinces of Atlantique and Zou in the south of the Repu blic of B~

ninlWestafrie3. Houeto has a latitude 6°27'N and an alt itude of 20 m 3.5.1 .. Atlolinga 
6°4J'N and 82 m, and Aguagon 7°5S'N and 190 m, respectively. 

Total annual rainfa ll and mean monthly temperature for nearby weather stat ions of the 
three sites, averngcd over the last 20 years ranged from 1099 to 1244 mm and from 
28 .4 to 28,6°C, respectively. Rainfall distribution changes fro m a bimodal at Houcto 
3nd Attotingll, with significant precipita tion from March to July and from September to 
November, 10 a unimodal at Aguagon (March 10 October). 

Soils lit Houeto and Allotinga de rived from late eocene clayey sandstones and 3re clas
sified as Ferrali -Haplic Acrisols. locally known as "terre de baTTe", Due to overcrop
ping. values of pH. K+ex, Cal+CX. CEC and CIN were "lOch lower in the top soil at 
Houeto in comparison to the less depleted Acrisol at Attotinga. Soils at Aguagon de
ve!oped from prceambri3n crystall ine rocks and belong to FeTTic Lixisols. 

More detailed descriptions of climatc and soi ls at the three sites were provided by 
Lcihneret al. (1993). 
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The potential vegetation at Houeto and Altotinga is a subhumid semi-deciduous fores t 
of the so-called fores t-savanna mosaic zone (eLA YTON, 1958; HALL & OKAU, 
1979; LAMOTIE, 1975; MENAUT & CESAR, 1982; SANFORD & lSICHEI. 1986). 
Elements of the savanna belong to the southern guinea-type and arc favored by anthro
pogenic changes sueh as fire , land preparation and weedings (LAMOrrE. 1975; 
MACGREGOR. 1937 after CLAYTON, 1958; MENAlIT & CESAR, 1982). Remain
ing primary vegetation is largely confined to regularly scattered is lets. protected as sa
crcd forests. and gallery forests. diflicult to reach, dominated by specics of the maturc 
forest such as Antiaris africal1a LESCHENAULT. Cola spp .. Albi:;,ia spp., Diospyros 
monbutte /lSi! OURKE, Triplocilitol1 sclero:<)'lon K SCHUM., ucaniodiscus t'lIpanoi
des PLANCH EX BENTH. and Ch/orophora excelsa (WELW.) BENTH. The southern 
guinea savanna extends to latitude 7°15'N in Bfnin, and Aguagon thus be longs 10 the 
northern guinea savanna dominated by tree species Daniellia oliverii (ROLFE) 
HlITCH. & DALZ., Burkeo africQlI(l HOOK .. Vi/ex doniana SWEET and Parkia 
hig/oOOsa (JAQ.)BEN1H. Prevalent grasses are wlldelia spp" Andropogoll spp. and 
Hyparrilellia spp. (MENAUT & CESAR, 1982; SANFORD & IS ICHEI, 1986). 

Most of the natural vegetation has been changed today into secondary regrowth by 
bush. fa l1owing (MOSS & MORGAN, 1977). The fallow vcgetation. wi th suf(i!;:ient 
time, may tum inlO a secondary forest playing an important role in serving the people 
with food. firewood, construClion materials, feed, medicines and in restoring soil fertil
ity. to mention just the most important fu n!;:t ions (BRAND, 1976; FLOQUET & AGLI, 
1993; JOHNSON & JOHNSON, 1976; OKIBO, 1977; SOWOFORA. 1982). In the 
fore st-savanna mosaic zone. Eloeis guilleensis JACQ. palms (uses: oi l, alcohol & male
rials) arc regular fal10w elements. being often planted and protected during years of 
cropping (CLAYTON, 1958; FLOQUET and AGLI. 1991; HALL and OKALI. 1979). 
Other !;:ommonly protected species are Albizia spp . (construction), Ch/orophora ex· 
celsa (timber), Cola spp. (drug), Diospyros mOllbl<tlellSis (timber). Dialium gllillullse 
WlLLD. (fruit & bran!;:hes for aqua!;:ulture). Parkia bigfoboso (food), and Spo/ldios 
mombill LINN. (fruit) to mention just a few and their main uses. After several years of 
fal1owing, fields are cleared by hand and burned. Mixed !;:ropping is predominant in 
farmers' fields wi th main crops cultivated being maize, cassava. cowpeas. peanuts and 
yams (Dioscorea spp.) . 

Materials and methods 

Approximate ly one hectare of uniform bush fa llow land was ini tially selected at each 
site. At Houeto, the fa llow vegetation was four years old, at Attotinga six and at 
Aguagon five years of age. All vegetation was cut at land cleari ng, large stems 
(diameters> 5 cm) and logs were removed, but all other biomass was left in the field 
unburned as mu1ch. 

The land at each site was divided into 20 plots of sizes ranging between 400 m2 and 
576 m2 for an agronomic experiment laid out as a randomized complete block with 
five treatments and fo ur replications. 'Three alternative agroforesuy systcms were 
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compared to annual cassava-maize intercrops without fertilizer (check) and with fertil
izer appl ications of 9.0 N, 7.8 P and 7.4 K g m-2 every year. Agroforeslry systems 
were: alleycropping (KANG et al. 1990) with mixed hedges of Gliricidio st pillnt 
JACQ.(WALP.) and Fltmingia macroplryllo (WILLD.)MERR.; a cut and carry system 
using zonal tree blocks and the same tree species as in former alJeycropping : alJey
cropping with annual hedges of Cojomu cojall (L)MILLSP. For a more detailed de
scription on the five evaluated cropping systems see Leihner et al. (1993). 

A mixed crop of maize and cassava was planted in rows with identical plant popu la
tions of 2.5 plants m2 for maize and 0.8 plants m1 for cassava in all plots. Both crops 
were plantcd together condit ional to rainfall between late March lind early May. Maize 
was weeded first at 22 days after plan ting (DAP) and a !>CCond time at 45 DAP. 
Weeding was carried out by cutting forbs and grasses at ground level with hoes and by 
slashing lianes and stump regrowth with cutlass. Maize was harvested by hand at 126 
DAP. In 1991192. two more weedings followed (146 lind 241 DAP), whereas in 
1992193 one more weeding at 150 DAP was carried oul for cass,:lVa. At all weedings 
after maize harvest, only grasses, Fo rbs and lianes were cut, bUI all na tura l stumps were 
allowed to regrow freely. Regrowth periods for stumps from las t weeding up to cas
sava harvest were thus 285 days in both years. Stump regrowth in the first cropping 
year was only measured at Allotingu, due 10 its natura l highest species diversity in the 
fa110w (LEIHNER et al., 1993), bUI also due to logisticlli constrai nts and the length of 
fie ld work involved. In the following season, the study could be ClItcnded to all three 
sites. After cassava harvest, only natural stumps having atta ined plant heights above I 
m from ground were considered for the study, because the inclusion of all stumps 
would have been unmanageable with the available work force and also because plan ted 
agroforestry species were cut at 1 m height, too (LEIHNER et aI. , 1993). The underly
ing assumption was thus that natural stump species that reached plant heights aoo\'e I 
m after regrowth would be particularly valuable from an agroforestry standpoinl. 
SlUmp species were identified aecording to Hutchinson and Dall.iell (1954-72) using 
the current tallonomy. 

Measurements on each individual were: (I) p lant height fro m ground [em]: (2) number 
of stumps; (3) diameters of all stumps (nun); (5) tota l number of resprouting shoots; (6) 
diameters of len random shoots [mm]; (7) fresh mailer (FM:) in leaves and stems of re
sprouted shoots [g]. One sub-sample for each species at each si tcw as taken: leaves and 
stems of several individuals were collected and combined 10 give 500 g fresh leaves 
and 800 g fresh siems. Sub-samples were late r dried in the oven at 75"C for dry mailer 
(DM) delcnnination. Shoot OM of each individual was calculated by mll tching its 
weighed leaf and Slem FM with DM fractions from the species' sub-sample. 

Data were analyzed with SAS (release 6.03) using general linear models (GLM; SAS 
Institute Inc., 1988). For the ANOVA, a11 stump parameters wi thin an agronomic plot 
were summed, wi th the ellception of plan t height, being averaged for all stumps. The 
effect of year, cropping system and interaction was analyzed in a combined ANOVA 
for Auotinga: for 1993, environments, cropping systems and interaction variances were 
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analy7.ed by I;ombining resul ts from all three s it~s. Mean separation was carr ied out by 
using Fisher's leas t significant difference test (LSD: SAS Instituc [nc. , (988). 

Rem[ts 

4.1 Species composition of stllmps 

A list of recorded species at Allotinga in both years is given in Table Lin 1992, 32 
species including three unidentified, were fou nd. whereas 36 species were listed in 
[993. 

The fo llowing four species attained heights below I rn in and were not considered 
again in 1993: Cassia siebericma DC .. Combrelllm hispidllm LAWS" Combrewm 
paniclIlatum VENT., and Raphiol"tyfi.f belli/Jellse (HOOK f.ex. PLANCH) ex BENTH . 
(Tab. 1).On the opposite. nine species could be addcd to the list of stumps with plan t 
heighls above 1 m in 1993: AmhodeislO ~ogelii PLANCH ex HOOK. ClallSt:na ani· 
saw (WILLD.) HOOK f.ex BENTH., u)lJchacarplls cyallesans (SCHUM ,& 
THONN.) BENTH .. Mil/mia r/lOlllrillgii. MOIradom rellilijo/io (GAERTN.JDUNAL. 
Moringo oiei/ero LAM., Psidillm gllja~a LINN., and Usteria guilleellsis WILLO. A 
total of 288 individuals was counted in 1992 and 68 1 in 1993 (Tab. I ). In 1993, 17 
species were recorded at Houeto and 8 at Aguagon (Tab. I ) 

4,2 Shoot biomass contribution of stumps 

The effect of the year was profound (1 % level) at Allotinga for all parametcrs and 
mean separation is given in Table 2. Neither cropping systcms nor interactions influ
cnced stump growth and product i ~i ty across years. Parameters wcre higher throughout 
in the second year (fab. 2). 

In 1993. all stump parametcrs responded profoundly to environmcnt ( 1% Icvel). but 
fai led to respond to cropping systems and interactions. Results at Anotinga were higher 
for all paramcters with differences between Houeto and Aguagon being marginal in 
mostcascs(Tab.3). 

highest in shoot DM among all species, wi th 16 10 and 1576 g plan!"l. respecti\·ely. But. 
Din/illlll ~lIil1fwrse, A/bizin :ygia (Dc.) 1.F.MACBR.. Aibizia adimrrhi/olio 
(SCHUMACH.) W.F.WR IGHT. and Sophia nirida contributed most to [o[al shoot 
biomass produccd by all slumps. amounting to 24.6,16.6. 14.0aOO 11.7 % oftolal, reo 
spectively. In 1993, sixteen species yiclded higher than 1000 g plan!" l in shoo! DM. 
with B(lphia l1 itido leading wi th 2267 g planer, followed by Usreria guinUllSi:; with 
20 14 g. Thc contribution of most species to total shoot biomass was less than 5 %, but 
OM of Aibizia zygia, Albizia adiantlrifolio, Lecaniodiscus cUl'nlloideJ, ROl/I'o/fin 
\'omiroria AFZEL. and Moril1da iueida BENTH. amounted to 17.8, 10.4,9.9, 9.6 and 
5.3%ofIOlal,respcctivcly. 
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Table 1: List or stump species with plant heights aoove 1 m after regrowth at Altotinga 
in southern Benin ill 1992 lind 1993. 

Site Attotinga Houeto AlCuslCon 
Specil'S Year 199' 199' 1993 199' 
Agtlat" Qbli'lua 
Alblthladlanthi/olia 'J 27 
AIbWa/trnJ.gill~a , 0 
Aibitiaz.yKW " 1211 
Allophyllu$a/ricallul " -" Alllhaclt#I".ogdii 3 -) 

Ant/ariSIl/rlcllna " .. 0 
AadirtJchlaind;c" 6 .J 
Bllphianitidll 9 
Blighla JapUia 
BIJ",hu.unijugllla 
BMt /ia/t"ug;" ,a _9 
Byrfl>CatpuS Cl>Ccintaul ., ., 
CIoI,m1pho."urtlJo HI 
Claust naanuaia .. 
CombrMImhispUlum ·1 
Combr.rump",,;cu/arum 
Dioliumgulnt."., 
Dichap.lolumgulnttnJt 
£hn:i4zsmaJa -, 
HCUlu"spuala _u 
unniodiscuscupanoUiu " u,ltclooc"tpIlJ CY""tlctllS 0 
Ma/acanthaal";/al/{l 
MiI/trtilJlhMlliltgi/ -, 
Mon,,4ortll.nuijolia _J 
MorindolucUSo " Moringaold/rrtl 0 
Nt ..,boultllal"tYI.I 
Pari"l1.ripolyand,,, -, 
fhyllanlhwdiscoltlt uJ -, 
hUljumg~"" -, 
Raphlos/ylis b. ninfltJu ., 
ROllrolfol""milori<! -" Rytif/)"n/{l sfn'gal. "su HI 
SUllrilt'gll>'iroJa 
Spalhod.acampaltulllla " Trkld/la tmttica 0 
US/frilJguiltt"u;, 
UYarilJcha"",. " -" ViluI/J1Itlana 0 HI 
Voacangllo/rkllna " ZanlhoX1lumanlhozylbltl~ 0 " -" XY(uni4.ntf/itd) 0 .J 
TOTAL 
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Table 2:The effect of year on seven growth and productivity parameters of stump spe
cies atAttotinga, 

Stump Pa ra meter 1992 1993 LSDo.~ 

Number of individuals [m' I 0.03 1 5~ 0.0860" 0.0194 

Average plant height [emJ 163.7B 205.2" 11.6 

Number of stumps [m'2] 0.11 28 0.2691" 0.0677 

Total stump basal area [em m' I \.839B 4.972" 1.52 1 

Number ofshoots [m' J 0 .3417 0.4934" 1.484 

TOla l shoot basal a rea [em m' J 0.257 1.374" 0.442 

Tota l shoot dry ma tter [g m' ) 14.2 98. 8" 20.4 

Table 3: The effect of environment on seven growth and productivity parameters or stump spe-
cies at Allotinga (An. Houeta (HU) and Aguagan (AG) in 1993 

Stump Pa rameter AT ' HU AG LSD ... s 

Number of individuals [m·l] 0.0859"- 0.015011 0'()0 19" 0.0 146 

Average pJanlheight [em] 205.2" 206.2" 205.2 33.3 

Number of stumps [m' ] 0.269 1" 0.0383 0.008 1 0 .0433 

Tota l stump basa l a rea [em m' I 4.972" 0.935 0.013 1.157 

Num ber of shoots rm' ] 0.4934" 0.055511 0.0307 0.0879 

T ota l shoot basa l area [em m' J 1.374" 0. 105 0.01 1 0 .355 

Total shoot dry ma tter [g m' ] 98,8'" 13.1 2.5 16.8 

At Attolinga in 1992. Brideliafumgitru l BENTH. and 8aphia Ilitida LODD. yielded 

lmcnns of ye= followed by same lcttcr an: not different ""co"linIIO Fi. her"s leut si,nificant differenc~ tesl 
"'ilhalphaxO.OS 

2rro:.anplanthci,hlofslumps::o I m wilhinone alronomicplOI(cropping sy!;tnn) 

3mc::m5 0r)"U/"Sfollo"·edbys:unclcuc:. ~notdirrcrC1lloccordinllOFishet's~tsignifiC3J\ldHfcrence 
tn t "ilh oJpha..o.OS 

4 mean plant height Of SIU IIlPS::O 1 m within one agronomic pl04 (cmppin, system) 
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The contribution of selected species to towl shoot biomass and leaf biomass at Atto!
inga is given in Table 4 for both years, and is compared to total cut OM from G liricidia 
sepium and Ficmingia macrophylla across both agroforestry treatmentS. Mean growth 
and productivity parameters of selected species and both exotic species at Attotinga in 
1993 arefunher summarized in Table 5. 

At Houeto in 1993, eight species produced Illore than 1000 g shool OM plant- I. High
eSI yielding was Ficus capel/sis THUNB. with 3038 g plant' l, followed by introduced 
Awdirachra indica A.1USS. with 2274 g. Phyllallfhlls discoidellS (BAILL ) 
MUELL.ARG. with 2 120 g and Parkia bigiobosa with 1805 g plant". Total shoot DM 
produced was 10.7 g Ill·l with IllOst of species contributing less than 5 %, but shool OM 
of ZanthoxylulIl zanthoxyloides Lam. amounled to 27.3 %, Parkia biglobosa 10 19,7 %, 
Albina adianthifolia to 15.9 %, Dialium guineense to 10.0 % and Bridelia ferrugi nea 10 

8.7 % of 10131. 

Table 4: Shoot biomass DM of narural slUmp R"groWlh and CUI DM of two planted eltotic spe
cies on an Acrisol in .KIlIthcm Benin over two years of cropping (199 1-93). 

Year 91192 Year 92193 

Shoot Biomass Source Total DM Leal DM TotalDM Leaf DM 
[g m'l] [g m'l] [g m'l] [gm·1] 

GliricidiD 622 384 
Fien/il/giD 595 354 

Planted trees Total 0.0 ' 1217 738 

Albizia adianthifo- 21 79 J2 
Iia 

AbiZUll,ygUl 25 " 135 J6 
Dia fiulIl J7 2J 

uCllniodi:;cus 75 41 

Morinda 40 II 

Rauvolfia 7J 17 

Vvaria 34 ]J 

Baphia 17 22 94 
Alfophyfills 1 47 17 

Stump regrowth Total 14.9 ' 7J 76.3 7 261 

At Aguagoll in 1993, highest shoot DM was produced by introduced Anacardium occi-

5lt1:eS"'eresown~lly3lldestabiishedinlhc fi rstyearwilhoul bcinICUI 

6 (olaJ of32 lpeci~sand 1006I\umps 

710l:l1of36~d.~""d2SI45tump. 
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dentale Linn. with 4896 g plan(l, followed by Ficl/s copensis with 2364 g, Bridelio 
ferrl/gilleo with 872 g and NOlie/eo lati/olia Sm. with 854 g plant'l . Tot31 shoot DM 
produced was 2 .1 g m-2 to which the first two species contributed 29.8 and 28.8 %, re-
spectively. 

Table 5: Mean growth and produc tivity parameter§ of planted exotic trees and important nalural 
S\U IlIP species on an Acrisol in lhesecondyear ofcroPlling{1992193) 

Species Sample Total Leaf Stump emciency 
size DM DM pa rameters 

[g plant -IJ [gplant- J [g DM Leaf [Number 
cmlBSAlj Stumps kg-

I LeafDM] 
Gliricidio 223 140 89 " 739 
Fiemin io. 11 2 347 2 12 367 717 
Alblva ad;-
(ml/~lio.I9 

7J 888 282 144 70 

Abiuo,,- in 128 863 301 162 62 
Dio/ium 6 1 49 25 29 17 
Lecalliodisc 50 1230 657 137 7J 

"' Morillda 3 1 1057 283 145 69 
Rau~o/ /Q 62 962 222 87 114 
U~aria 24 1153 465 145 69 
Baphio 8 2267 1143 7 1 140 
Allo 11)'flus 51 751 265 134 75 

Discussion 

Differences in biomass contribution of natural stump species was especially meaning
ful in comparing both Acrisol si tes in the second year. AUotinga and Hoeulo have the 
same polential vegetation. but species diversity, SlUmp dellSity and biomass productiv
ity was drastically reduced at Houeto_ owing to more frequent burnings and weedings 
during the lasl 17 years of its recorded land history (own observation). Similar cffC(:ts 
have been confinned by olher authors (Clayton, 1958; Kellmann, 1980; Sanford & lsi
chei, 1986; Uhl el aI., 1982), causing a seven-fold reduction of shoot OM from slUmp 
regrowth at Houeto. On the pure savanna si te Aguagon, tree density is naturally much 
lower (Lamotte,1 975; Menaut & Cesar. 1982; Sanford & Isichei, 1986), but was re
duced further by the more destructive local land preparation technique of ridging 

&b»O\lJCwnp:lrt.:llcm'l 
9 value5 (lr planlcd uces Gtiriddia and Remingia are tOlalslmeans of si~ CUts and 370 days of gfml,'lh in lbe 

second y~ar 

10 v:!.lue$ {(lr natural slump species are for 285 day s of regrowth (from 2nd h:md-wuding ~o land preparation 
ofsubscquentcroppingycar) 
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(i..eihncr et aL 1993), rendering stump biomass contribution insignificant there with 
2.lg OMm·2• 

On the species level, the very high productivity of FiCJIs capensis at Houeto and 
Aguagon stands out. but needs verirication with larger sample numbers. Increases in 
total OM of individual ~pecies at Attotinga between 1992 and 1993, was due to much 
increased numbers in individuals with most species. but the productivity of Baphia ni · 
tida was an exception to this pattern: its OM productivity per plant was exceptionally 
high in both seasons, contributing significant amounts to total stump DM each season 
with only fcw individuals (Tab. 4 & 5). Albizia spp., Lecaniodisclis cllpanoides, Mar· 
illdrl IIKida. UI'aria chamae, and AllophyUus ajric(IIllIs P.BEAUV. were very efficient 
in producing shoot biomass, all yield ing above 100 g in leaf OM per e basal stump area 
or, in other terms. needing less than ten Slumps in the mean to produce 1000 g \caf OM 
(Tab. 5). In comparison, exotic Gliricidia sepillm produced only 56 g leaf OM cm·2 ba
sal stump area and needed as many as 739 slumps to produce 1000 g of leaf DM. In 
comparing DM productivity of natural stump spec ies and planted, fast growing. exotic 
tree species. the value of srumps becomes even more important conSidering the fact 
tha t appreciable amounts of shoot biomass were recycled already from the first year of 
cropping onwards (Tab. 4) and this at no additional cost to thc farm er. Overall, this 
distinguished native stump species as a vcry efficient life fonn in accumulat ing bio· 
mass and suggested their protection between crops to be an economic agroforestry op
tion wonhconsideration. 

Species rich ness and stump dcnsity increased substantially at Attotinga within two 
years of cropping (Tab. I & 2), and this could be attributed to renouncing burning at 
land clearing as well as to subsequent selcctive weedings (B ROWN & LUGO, 1990: 
HEDBERG, 1986; CLA YTON. 1958, UNRUH el a1 .. 1988). The laller largely had the 
effCCI of releasing cutting stress on srumps, so that losses in stored assimilates of roots 
and stumps were minimi zed. In general. this may havc also helped stumps 10 with· 
stand environmental stresses such as drought beller increasing again their regrowth 
productivity (CONNOR, 1983). Total shool OM was boosted between both years by a 
factor ranging from five to seven (Tab. 2 & 4). Stumps in 1993, rcaching heights above 
I m after 285 days of regrowth, were all natives of West Africa, with the exception of 
introduccd Awdirachra illdica and Psidillm gujava. Further, species with highest in
creases in individuals over both years (Tab. I) all belonged to the mature forest 
(HUTCHINSON & DALZIEL, 1954- 1972). A similar trend was obscrved by ClaytOn 
(1958) in Nigeria. who observcd that neglected wcedings favored Cntslis jefrllginea. 
8 aphia nirida and Ficlfs txasperata among other nat ive species. Thc reappearance of 
Newholildia {atVi.f in 1993. together wi th the prominence of Morinda lucida and Ralf' 
I·oljia vomiroria indicated a similar vegetation type at Attolinga to Ihe ones descr ibed 
by Hall and Ohli (1979) in Nigeria. The loss of both Combwilln spp. on the list of 
1993 stumps (Tab. I) was conspicuous, but this could have bcen duc to erroneous cut· 
tings. because villagers may have counted them as Ijanes at weeding. 

Both ANOYA's (Tab.2 & 3), revealed that cropping systems had no meaningfUl effect 
on growth. distribut ion. density and shoot OM productivity of SlUmps, meaning their 
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was neither response of natural species to applications of mineral NPK-fert ilizer nor to 
the intcr-planting of different exotic and fast growing species such as F. macropilylla. 
C. sepium. or C. cajan. This was surprising. since it was expected that at least fertili
zation wi th NPK would show some impact on species composit ion and their DM pro
ductivi ty. But. Harcombe (1977). observed a similar phenomenon in Costa Rica, in that 
biomass and nutrient stocks in early successional vegetation w cre not enhanced by fer
tilization. but natural succession was rather retarded in favor of forbs. This observation 
was not corroborated in this siudy, at least in tenns of significantly reduced numbers of 
stumps in fmilized plots. At the same time. no significant increase in forbs and grasses 
was obscrved, but this could not be substantiated since both werc weeded off without 
being measured. The indifferent response of natural slump species to fas t-growing lc
gllminous species sllch as Cliricidia, F/~milZgia and Cajal/us could be explained by 
their localized presence in plots. ci ther in hedges or tree blocks, leaving enough space 
to stumps where competition was lower. Thc presence and productivity of natural 
stllmp species within-tree rows was measured in another study separately, but no dif
ference was found between tree hedges and blocks, too (BOHRINGER. unpuhl. re
sults). Kellmann (1980). in support. showed the choice of crops and their spatial 
arrangement to have the least intluence on natural succession. Me chanismsofinterac
tions between fallow vegetation and crops in farmers fields are yet poorly understood 
and this deserves future attention at the species level in order to pass out recommenda
tions to fanners on optimum mixtures of crops and natural slump species in their fields. 
It appeared. as if a minimum number of useful stump specics would be gencrally re
quired in order 10 warrant fu ll and efficie l1l si te restoration after years of cropping. 
Yet. it is unknown. how many individuals per area would be needed in different envi
ronmcnts and what mixtures of crops and natural stump species would be best to 
maximize crop yields and vaJue offaUow s? 

The selcction of natural species within a fi eld should also take inlo consideration val
ues of their products. The phaffilacologic value of many fallow species. both in tradi
tional medicine and also for export. could be an important selection criterion. Naming 
a few stump species among many others may suffice 10 highlight this potential: Bride
!ia ferruginea in treating diabetics, Rauvolfia \·omitoria in psychotherapy as a sedative, 
and Zanthoxylum zantho;.;yloides as a therapeutic for sicklc-cell anaemia (HEDBERG. 
1986; SOFOWORA. 1982). But. few useful plants have been studied systemat ically in 
order to establish their useful ness in a wider context (Hedberg, 1986). The indigenous 
knowledge that accompanies products from natural species is a resource deserving con
servation ~smuch as the species themselves. 

Conclusions 

The diversi ty of natural stump species and their contribution to shoot biomass in crop
ping systems depended on land-usc practices. such as burning. weeding. Iree cutt ing 
and destumping. Species richness and stump density increased substantially by re
nouncing burning and selective weedings later in the season. In particular species of 
the mature forest responded favorably to this protection, with Alb/zia !ipp .• 8aphia lIi-
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lida, ucafliodisCIlS clIp(IIroidts, Moriflda lucida, and Rarll'o/fia vomitoria being also 
extremely efficient in accumulating shoot biomass. TIieir contribution to shoot dry 
mailer turnover was equally high in the five contrasting cropping systems being evalu
~tcd, making agroforcstry with these and probably many other potential native species 
an economic and ecologically sound cropping sy~tem innovation worth consideration. 
The multiple uses of mllural stump species can not be conser .... ed in isolation from the 
species themselves. and their promotion within fields represents. therefore. the mo~t 
immediate means of preserving the functioning of the natural ecosystem. The conser
vat ion of natural stump species with their mullipte products and services to man has a 
global dimension, too. since it will help to r<:lease human pressure on rapidly de<:lining 
primary forests in the region and should therefore be included as priority in national 
environmental action plans. However. a huge information gap still exists on native tree 
and shrub species and their agrofores try potential. This represents curren tly the primary 
obstacle in formulating extension messages on "good" management of natural vegeta
tion, aiming to maximiz.e crop yields and value of fall ows. while helping to preserve 
the functioning of the nalural ccosystem. 

8iomasseproduklion der natiirliehen Sioekaussehiage in Anbausyslemen der sub
humiden Waldsavanne Westafrikas 

Zusammenfassung 

Die aufgrund des Bevtslkerungswachstums notwendige intensivieru ng des Ptlanzen
ballS in Westafrikas geht momentan zu Lasten der 6kologischen wie 6konomisehen 
Nachhaltigkeit von traditionetten Buschbrachesystemen. Die landwirtschaftliche For
schung in der Region gib! deshalb BJiumen und BUschen eine SehJiisselfunktion zum 
Schutz. der lokalen Okosysteme und zur Stcfgerung der landwirtschaftlichen Erntcer
ttlige. Trotz.dem wurden dem agroforstwirtsehaft lichen Potential und saisonalem Bio
masseeintrag der natiirlieh vorkommenden StockausschHige bislang keine 
Aufmerksamkeit gesehenkt. Deshalb wurde der Wiederaufwuchs von natllrlich vor
kommenden Baumstilmpfen in verschiedenen Anbausystemen und -orten im Sliden 
Bt!n ins gemessen und deren Biomasseproduktivitlit mit der \'on exotischen Agroforst
spez.ies verglichen. In Fddern mit mJilligen negativen EinfliiBen durch Abbrennen und 
Unktauthaeke wurden 32 8aumspezies identifizien mit einer Dichle \·on 0.03 15 
Stiimpfcn pro m! und einer Trockenbiornasscproduktivitiit durch StockausschJ:ige von 
14.2 g m·l naeh 285 Tagen Wiederaufwuchs. Mit einem Verzicht auf Abbrennen lur 
Landvorbereitung und einer selektiven Unkrau!haeke wahrend der folgenden Anbau
zeit konnte die Anzah l der Baumspezies auf 36 gesteigert werden, bei einem gleichz.ei
ligen Anstieg defen Diehte auf 0,086 StUmpfe pro ml und Trockenbiomasse
produkt ivitIit auf 98,8 gm'l. Insbesonders Baumspezics, die dem naliirlichen Waldoko
syslem luz.uordencn sind wie Albizia spp., Baphia ninda, ucaniodiscils cllpalloidn, 
Morillda lucida, und Rouvo/fia I'onriforia. reagierten positiv auf diese sehonende Be
handlung wahrend der Kullivierung. Bedeutende Mengen an Biomasse konnten so 
durch den Schnitt der Stockausschliige den Feldern als Mulch zurilckgefiih rt werden. 
Diese natllrlieh vorkommenden Baumstiimpfe waren aueh .... iel effi zienter in der Bio
masseakku mulierung als angeptlanzte. exolische Agroforstspczics wie Gliricidia sepi-
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11m. Der Schutz und die Berilcksichtigung von nalUrlich vorkommendcn Stiimpfen 
wlihrend des Anbaus von Fddkulturen steilt deshalb eine wirtschaftl ich inleressante 
Agroforsta lternative dar. der in Zukunfl mehr Aufmerksamkeil geschenkl werden sol[
Ie. Gleichzeitig wiirden die vielfachcn Produkte und DienslleistlLngen dieser Baumspe
zies fU r die Menschen der Region geskhert . 

La biomasse produile par los repousses des souchos dans Ie systeme d 'agriculture 
anSud duBenin 

Resume 

L'augmentation rapide de la popu lation entralne une intensification des cultures en 
Afrique de !" Ouest, mellant en perilla capacile de reproduction economiqlle el ecolo· 
gique des systemes cultu re itinerante de dHriche brUlis capaciu! dependant d 'un etat 
d'eqllil ibre dans Ie lemps e( !"espace entre culture el jachere sur un sile donm':. II a etc 
prouvc parla recherche que !csarbrcset arbustcsjouenl un r51e prim ordial dans la con· 
se rva ti onde !" ecosY t~me aussibienquedans l' acroissementdcsrcndements; ccpcndant 

la contribution de la biomassc protluite par les repousses des souches des especes indio 
g~nes dans Ie champs des paysans n'a pas encore ete evaluee dans Ie cadre de leur ro
lent iel agroforcslier. Ainsi. la rcpousse et la productivitt des souches des espkes 
indigencs a t te eludj~ dans differents systemcs cuhurau;\: et environnemcnts au Sud du 
Benin el compar~es aux especcs introduites agroforestieres. La recherche fUl execul~e 

sur differn ts champs oil les erre t negalifs du sysl~me d'exploitation de la vegetalion 
nature lie, leis que les brulis et la sarcJage, furen! moder~s. Trenle deux especes de $Ou
ches avec des densitts d' un individu par 0.03 IS m' fure nt co llecl~s. eonribuanl ainsi II 
un tOlal de 14.2 g m1 de mati~re sechc vegetale apres 285 jours de croissance. En evi
tanl l e bnllisel enfaissanl dessarclagesselectifs. lenombre dcses~ces de souche5 

augmen[a j usqu'~ 36 au COUTS de l'annee suivanLe. produissant 98,8 g m! de maliere 
seehe vegttale grace aul' repousscs de leur trone avec une densite de 0.086 individu par 
ml. En paniculier. les especes de la grande fore t tcls que Albiu,ia spp .. Bapilia ni/itin. 
ucuniodiscus cupalloid~s, Morilldu lucida. et Rauvoljia romi/oria ont repondu favo-
1'1Iblement ~ la prolection, contribuant non seulemenl II. des quant ites significatives de 
biomasse provennnl des repousses (Ironc). maisaussi elles sont plus efficaces en aceu
mulnntplu s de biomasse quc lcses~ces in[roduitesagroforeslil!rcs~croissance rapide 

lei que Ie Gliricidia sepillln. Ni Ia fe rtil isation. ni la plan tat ion d'espcces introduites a 
croissance rapide n'onl infuence la repousse des $Ouches ind ig~nes ellcur productivite. 
La prescrvationct la geslion des souches indigenes entre les cultures representent une 
option &onomique qui devrai! demander beaucoup plus de consideration dans Ie futuro 
eeci aiderai t ilIa fois ~ conservcr les multiples services el produi ts que ],homme tire 
des souches de ces especes indig~nesauss i bien que Ie mainliendu fo nctionnemenlde 
I'ccosyslemenaturel dans!aregion. 
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