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Abst ract 

Planted fallows of seven mUltipurpose tree species were analysed in order to reveal 
their impact on understorey vegetat ion in South-Western Nigeria. AUhough having light 
environment under their canopy comparable with most o f the other tree species, Nrldeo 
fat lfolia and Pterocarpus santalinoides had the lowest density and biomass of understorey 
vegetation. Only Miffctia thol/ingi had lower understorey biomass than these two Iree 
species although il had higher undc/slorey density. Soil fertility was not a limiting factor 
for thc undergrowth since those three species which had the highcst undergrowth den­
sity and biomass had either comparable or lower ferti lity status. This implies that , the 
suppressive effect of Nlldea lati/olia and PlcrocarplIs santalinoidcson the understorey 
growth might have heen due to allelopathic effec ls caused hy secondary metaboli tes 
leached fro m the tree canopy during precipitation or from the fl oor litter during decom­
posit ion. Because of the limitations imposed by the lack of randomisation of Ihe tree 
stands in the site, convent ional analysis of variance was not appropriate. Instead, the 
calculated means for each variable was used to compare the results. 

I nt.roductlon 

The environ menial degradation of tropical forests underlines the urgency of tree planl­
ing. Wood products from fast growing exotic compensate fo r the reduced supply fro m 
the disappearing natural fo resls. In the humid and sub-humid tropics, shifting cultiva­
tion to sustain soil fertility and avoid weeds is no longer susta inable due to popu lalion 
pressure. In South-Western Nigeria for example, farmers can no longer afford to fallow 
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for more than four years. As a rc. .. ul t, the integration of fast growing multipurpose trees 
into the farming systems of the tropics has been widely recommended (KANG et a1. 
1990). The most imporlant beneficial effects of these trees on soils can include im­
provement o f soil structure, increase in nutrient avai lability and reduction of weed prob­
lems (MON'TAGNINI and SANCIIO 1995; AKODUNDU et al. 1992). 

However, concerns about the impact of e~otic tree species on the environment could 
limit their integration into agrofores try systems. In areas of water and nutrient st ress, 
some of these tree species can compete with crops and herbaceous undergrowth for 
these resources. Trees also release metabolites into the soil which may adversely affcct 
the germination and growth of herbaceous species through allelopathic interactions 
(SUMESII et aI., 1987). Eucalyptus species for example arc alleged to suppress the forbs 
and graminoids underneath the trees (lISANEWORK and MIOIELSEN, 1993). This suppres­
sion could be due to nut rient and water depletion (MAI.IK and SILARMA, 1990). 11 could 
also be due to phytotoxic compounds released from leaf Ii ller which could have an 
inhibitory impact on the understorey in planted fallow vegetation (CHou and Kuo 1986). 
Biochemically, many plants produce toxic chemicals which inhibilthe growth or other 
plants, a process called aUelopathy. · Such allelopathic chemicals have been demon­
strated in plant communities to be a factor of ecological significance by inf.1uencing 
plant succession, dominance, species d iversity, structure of plant commun it ies and pro­
ductivity· (Kuo et aI, 1989). The suppression of understorey vegetation can have nega­
tive impact on the top soil through increased erosion particularly in hilly ecologies. 

The aim of this study was to investigate the effects of seven fallow tree species on the 
undergrowth vegetation in South-Western Nigeria. Consequently species abundance and 
biomass were studied. 

Materials and Methods 

The study site was an arboretum at the research station of the international institute of 
Tropical Agriculture, UTA, lbadan, Nigeria (7" 30' N, 3° 54' E). IITA lies in the forest 
savan natmnsition zone with bimodal rainfall having peaks in July and September. The 
mean annual rainfall is 1250 mm while the mean temperatufC is 31.8° C. 

The tree species investigated were established in pure stands in 1990. There were four 
rows wi th 4 m between rows and 2 m distance between trees within rows. The tree 
stands investigated were Gliricidia sepillm (GIs) (Jacq) Walp, Grewia pllbeseens (Glp) 
(P. Beauv.). PleroearpllS sanlalinoides (PIs) (P'He'r.ex), EnleroJobium eyc/ocarpum 
(Ele) (Jacq) Griseb., Nuclea Jali/olia (NIl) (Sm.)., Milletia Ilioningil (MIl) (Schum. & 
Thonn.) Oak., and Terminalia sliperba (TIs) (Engl.& Oiels). 
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Sampling Munderstorey vegetation 

In each tree stand, S quadrats of 1 ml were rando mly placed. Within each quadrat, 
herbaceous species were identified, counted and then uprooted. They were sorted by 
species and dried at BOO C for dry matter detennination. Because of the relatively small 
biomass o f the species, the three quadrats were bulked by species before drying. 

Light n·ansmission, Floor li ller, and Soil sampling and ann lysis 

Light transmission in the tree planta tions was measured at 15 hours for a week long. A 
quantum photometer (Model L1-185B) was placed between the tree stands at five places 
for the measurement of the incoming radiation. Light transmission was calculated as a 
percentage of total light incidence outside the tree stands. Resu lts for the week were 
averaged to give si ngle values for each tree species. T he floo r litter under the trees was 
collcx:ted in 5 randomly placed I mt quadrats in July 1996. The sample.<;were dried to 
constant weight at 60 "C in an oven before weighing. 

Soi ls were sampled under the tree species in the arboretum stands and analysed for pU, 
o rga nic carbon, phosphorus, ni trogen, calcium, potassium, sodium, and magnessium 
( IITA, 1982). 

Sta tist ical analysis 

Since in lhe arbo retum the fou r tree stands per species were not randomised, the repli­
cate samples taken within each site provided a single mean per site for each variable 
measured. Because of the lack o f proper site replication, conventional analysis o f vari­
ance was not appropriate (HUIILIlI.lRT, 1984). Instead,the calculated means for each vari­
able was used to compare the results fro m the 7 species. The standard errors of the 
means are shown in the Tables. 

Results 

Understorty I'tgttation in trtt stands 

The density and biomass of the understorey vegetation are given in Table 1. The highest 
number o f unders torey species was found under Gliricidia sepiufII (17 speci es). 
Errterolobium cyclocarpum had [he lowest number o f ullderstorey species (8 species). 
Grewia prliJesCtllS and Terminalia sll~rba each had 15 understorey species. Nuclea 
la/ilolia and I'terocarplls santalinoides had 12 species each whi le Mil/etia thoningii 
had 10 species. Species density under Nudea latrfolia and Pterocarprrs salltalillQiries 
..... ere lower than under the olher tree stands. The densi ty of species under G/iricidiasepiulII 
'o1.asthe highest (SO pla!1tslml). 
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Tuble I: Dry wcighlofforest noor liller, light transmission, biomass and density o f 

undel~toreyvegelation in tree siandsof7 fasl growing fallow tree species 

Treatment 

TermilialiaslI rba 

Millerialhallill ii 
Gliricidiase illm 

":lJ(erolabil/m 
c'c!ocar um 
Grcwia IIbcsCCIiS 
PlcrocarpliS 
sallfalil/aides 

Nllcleala/iolio 

lJiomu$sof 
understorey 
vegetation 

"1m' 
62.46 
1.40 

62.13 
26.26 

50.09 
16.34 

24.40 

Densilyor 
undcrstorey 
vegetation 

_ (plants/m1 

6517 
50 11 

'0 , 
57(13) 

6627 
23(10) 

18 7 

Percent .. Floorlilter 
radiulion (g/nll) 

M&'~ec"ml) 

4712 9224 
20 556 
122 384 
7 (2) 64(4) 

50.7 42 4 
7 (3) 86(8) 

30.3 106 15 

Numbcrs in palcnlhcsis rcfcr to standard error. n : 5 

Thble 2: Undclstorey species composition in planted (al lows of 7 multi-purpose trees 

FallowTret!S ecies 
Weeds cies NIl MIl TIs GIs PIs G/ 
AxollO useolll resslIs 17 7 1 7 
Tolillumlriall Idore 31 

COIllIlle/illa bell ha/cIIsis 2 

Sedecs 
Chromolaellaodorala 
Oxaliss 
Lellcaenalellcacc lw/a 
C IIodonJuCI lOll 
Sidoocura 
Selerioborbara 
o iismellusbumollii 
ell/oris i{osa 
S 'ned rella lIodi oro 
S emUJCoceoc mowes 
Dioscoreos 
Celllrosema IIbescells 
Swa Veroniceo/ia 
Ph lIalllhllsamarllS 
Desmadillmscar Iflis 

Pc erallia ellllriJa 
Plerocar IIssalllalilloidcs 
B(}erha~'iadi usa 
Bracharialara 

13 
12 

26 20 

39 

Ele 
1 

12 , 
27 

Olhers 0.99 0.33 0.99 0.66 0.66 1.65 0.33 
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Oven dry weights of all species under /lfilfetia tiloningii, Nue/ea laufolia, Pterocarpus 
Sallta/inoides and Elller%bium cyclocarpllln were lower than umler Termillalia srlperba, 
Grewia pl/he.Kells and Gliricidia sepiulIl . The most pronou nced reduction in understorey 
biomass was under Milfe fia tho/Iillgii. 

The botanical composition of the understorey vegetation is presented in Table 2. The 
botankH I composition varied between tree species. The most abundant species under 
Terminalia slIpcrba, Gliricidia sepilllll, and EmcrolobiulII cyclocarpum were Setaria 
barbata and Synedrella lrodiflora. AXOIroPIIS cQlllllressus, Talil/ulII trial/gulare, 
OplismelU/S bUlllani; were also prescnt under Gfiricidia sepiulII stands. AXOII Opus 
comprcSSllS and Ta!imun triangulare were the on ly species present under Mil/elia 
{iloningii in high densities. Sixty-nine percent of the understoTe}' species in Grcwia 
pubcscells stands was ullcaella leucocepha/a . Under Nlle/ea/aufolia stands, TalilllwI 
triangulare was the dominant species. 

Discussion 

The density o f the understorey species under Nr/efea lati/olia and PterQcarprls 
sanf(lfinoide.'i was lower than under the other tree species. The bioma~s of the understorey 
was also less than under the other tree species with the exception or Mil/eria ThO/rillgii 
under which the biomass was the least. The soil fert ili ty status showed that organic 
carbon, available P and K and mineral ni trogen, were higher under Nlldea Inri/oUa and 
Prerocarplls salltalinoide,f than under other species (Table 3). In comparison, only 
Mil/elio Ilr00rillgij had lowcr values of the soil nutrients. Therefore differences in the 
understorey vegetation under the Iree .~pecies cannot be attributed to nutrient [imita­
tions. Bhatt et 01 (1997) showed that reduction in the biomass of the understorey species 
undcr JlIglans regia and Fiscus neeri/olia was not due to nutfientlimitations. 

Light transmission was below 20% for all except Termina/ia slIperba stand which had 
47 % light transmission. lnspitc of the low light transmission, species density under 
Gliricidia sepium was high (80 plantslml), on the other hand il was very low under 
PlerocarplIs samalinoides and Nudea lali/olia. There was no pattern relating light 
transmission to densi t}' and productivi ty of the undeTstorey species. Although Millelia 
thoningii and Nllclen laufolia had the same light transmission, the density of the 
understorey vegetation under Milletia Ibollillgii was 64% higher than that under Huclea 
ftmfolia. Conversely, the bioma.o;s of understotey vegetat ion under Nudea lali/olia was 
94% more than under Mil/eria l/roningii. Light transmission under Pleracarpus 
samalinaides was similar to that unde r Elllerolobirmr cyclocarpIlin. However, 
Plerocarpus santalinoides had lower understorey species density and biomass. This 
indicated that differences in the species density and productivity under the tree species 
was not due to light transmission. The botanical composition o f the understorey was 
also not affected by ligh t transmission. SYllcdrella nodiflora was fur el(ampJe the most 
abundant species under Terminalia superba, Gliricidia sepium and Emerafobium 
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cylcocorpum. EllferolobiulII cylcocarpulII, however, had the lowest understorey illumi -
nation. The most abundant floor species under Grewia pubescens were Leucaena 
lellcocephala seedlings. This can be explained by the presence of Lel/caenu lellcocepholo 
trees ncar Grewio pubescens Iree Slands. Talinmn lrainglliare was the dominant floor 
species under Millelia IhOllillgii. This might partly explain the extremely low biomass 
of the understorey vegetation under Mil/elia thollillgii, since TalillulII traingulare, a 

succu lent species had very low dry matter. 

11lble 3: Chemical characteristics of soils in planted fallows of some tree species 

Species N03+ %C %N K C. M. N. Ph 
NH4-N 

m • Cmol +fk 

NT/dea 7.97 1.64 0.18 3.60 0.10 3.80 0.90 0.30 630 
laliolia 
Mil/Clio 3.23 0.63 0.08 2.60 0.10 0.90 0.30 0.10 5.90 
Illonillii 
Grenoia 6.23 0.90 O.W 1.30 0.10 1.60 0.50 0.20 5.90 

ubescells 
Termil/o/io 5.05 1.04 0.11 7.60 0.30 2.80 0.50 0.20 6.10 
sllcrba 
Glricidio 509 1.34 0.15 3.70 0.20 2.50 0.40 0.20 6.\0 
seiwn 
Plerocorpus 9.89 1.62 0.17 5.90 0.40 4.50 1.10 0.30 6.00 
$olllalinaides 
Enteralohiwn 5.76 1.14 0.13 1.60 0.10 1.00 0.50 0.10 5.9U 

,"'"'"'", 
It is clear from this investigat ion that paucity of vegetation undert reecanopicswasnol 
due 10 competition for growth resources (light and nutrients) but was probably owing to 
allelopathicerrects caused by secondary metabolit,,<;\cached from the tree canopy dur­
ing precipitation or from the floor litter. A similar conclusion was drawn by Bhatt et al. 
(1997) while investigating a number ofagroforestry lrees for understorey exclusion in 
Garhwal Himalayas. The impact of trees on understorey vegetation can also be due to 
combined effccts of tree canopy leatling to reduced il lumination at the foresl noor and 
allelopathic agents in trees leaves whose release suppresses the ground vegetation 
(LtSANIlWORK and MICIIIlIA<;O N 1993). This effect was observed by Michelson el al (1996) 
under Eucalyplus lusitOirica plantations in Ethiopia. This combined effect might have 
occurred in the case of Plerocarpus sOlllalinoides and Nucfea {ali/olia, which, though 
having similarly low noor illumination as the other tree speci,,~, had lower floor species 
density and biomass. Kamara et 01. (1998) found leaf extracts of some agroforestry tree 
species including N/lcfea /ali/olio and PleroearpllS salllolilloides to supr"~s gennina­
tion and early growth of cowpea. They also observed growth reduction of cowpea when 
mulch [rom these species were incorporated into the soil. 
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The phytotoll"ic influences of agroforestry tree crops might be due to the presence of 
tanins, phenolics ami other secondary mctabolitcs found in various plant parts (Loll"N 
ela l 1983). Chua and Kuo 1986 attributed the relatively lower density of weeds beneath 
a Leucaena plantalion 10 secondary plant metabolites leached from Leucacna leaves 
and litter producing an allelopathic cITed. Although light intensity measured under the 
canopy of De/onu regia W3. .. sufficient for the growth of the understory species, Chou 
and Leu (1992) found a unique pattern of weed ell"clusion under the canopy of the tree. 
This was attrihuterJ to the accumulation oflitter, leachatcs, and metabolites formed from 
biodegradation 

Conclusion 

The suppression of the undergrowth under Pterocurpus SQ/ltmrlilloides and Nucll!.u 
lati/olia seemed to be allclopathic in nature although combination with low illumination 
effects cannot be ruled out. Therefore a more sophisticated research to investigate the 
role played by leached metaboli tes from trees and the decomposing floor litter in under­
growth regulation is needed. One major limitation of the work reported here was the 
lack of randomisation of the tree stands in the site. 

Vergleich von UntcTWuchsvegetation unter gepnanzten Brachen von sieben 
Baumarten in Siid-West Nigeria 

Zusa mmenfassung 

In einer Studie wurden gepnanzte Brachen von sieben Baumarten untersucht, um ihren 
Einflu6 auf den Unterwuchs zu bewerten. Nuclea lali/olia und Plerocarpus sanlalinoides 
zeigten eine geringere Dichte und Biomasse in dem Unterwuchs ungeachtet des 
Lichteinfalles und dct Uodenfruchtbarkeit. Nur Milletia Ihoningi ergab cine niedrigere 
Unterwuchsbiomasse obwohl es eine h5here Unte rwuchsdichte zeigte. Dies mhrte zu 
der Schlu6folgerung, daB der Unterdriickungseffekt von Nllciea lati/olia und PteracarplIS 
santalinoides auf den Unterwuchs mOgiicherweise au(allelopathische Effckte dutCh 
sekundare Metaboli te zuruckzufUhren war, die von dem Biatterdach durch den 
Niederschlag oder von dem sich zersetzendem Dlat tmaterial am l30den ausgewaschen 
wurden. Wegen der Limitation der fehlcnden Randomisierung der Baumstande war die 
konventionelle Varianzanalyse nicht moglich. Die bctcch nelen Miltelwcrte wurden 
deswegen gebraucht urn die Ergebnisse zu vergleichen. 
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