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An analysis of vegetation as a resource 
in south-eastern Nigeria 

1.0. AKOBUNDU, A . 0 .  /S~C~IEI, A . 0 .  MEKEC;INI, F. EKELEME, C. W. AGYAKWA, 
E.S. TUCKER and K. MULONGOY 

A long-tenn study was initiated in 1988 in two fallow syslcnls: a pl;~rltc~l I)crc~~/~~~lc~rritr (~\c.iotr) htrr~t~ri systclll ;I[ 
I 

t ,  
Mbaise and a natural bush fallow at Unluallin in south-eastern Nigeria. The plarltcd fallow syster~ls consistcd of 
rows of D. harreri spaced 2 rn apart and lengths of fallow periods ranged froni I to 3 ycars. The natur;il bush fallow 1 I 

1 F .  
periods ranged from I to5 yearsold. Analysisofthc natural bush fallowshowedthatI)nci~ladr~~iuh~~~~~eri,At~~lro~ro~ha 1 

nracroplr~lln and Dialilrm guitreense donlinated the vegetation. Stems with a girth of over 20 cm contributed most \ 
to the stem basal area in the natural bush fallow in all fallow periods. In the planted fallow, a stem basal area of 1 

I 20 ml/ha was observed only in the 3-year-old fallow. Girth class distribution in the planted D. hurrrri field after 1 
t: 

the second year of fallow was rnorc unifonil than in the natural fallow, indicating less interference with the i I , .  t 1  

vegetation in the fonner. For the sarne fallow length, the amount of litter produccd nrltl the nutrient corripositiori. i.:, . '  

were identical in the twosystems. Soil analysis showed that pH. soil org:lriic c;~rburl, total nitrogen and ex~r;~ct:~blc I I . , ; '  . .  
L : ! . , . , !  

phosphorus tended to irlcrcase with fallow length in the natural fallow. Organic C and total N cor~tcnt in the soil 1 1 '  . 
I. .: , bnder planted fallow did not change, b u ~  extrnctnhlc P iricrcascd with fallow lerlg~h. The authors colicludcd tllat the 
t :,. - .  . 

two fallow systenls are potential lncans of restoring soil fertility through litterfall and pruning application. . ,  ., . . 

1 ,. j , ,. , '. , 
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Natural bush is a storehouse of'abundant and readily available resources for crop production. Vegetation r :  . :  . . :  :: 

' c.:; . x .  
management is an important component of farming practices for sustained crop production in the humid and ' 1  .I:,. :, ; ~. ;. 

{.$ :.: 
sub-humid tropics. Where there is no pressure on  arable land, farmers in tropical Africa have practised shifting . j , ... . . : :. ,: . . . 

i.. .: A. . 
cultivation, with long fallow periods and crop rotation. These practices improve soil structure, return organic ,.. ,.,;.... . ;- .... . 

: : -,$! '..'. . ' 

rnatterto thesoiland restore soil fertility (Greenland, 1975; Lal. 1987). However, the population growth in some 
. . ; % - .  -~ 

, . . ,  . . 

areas of the humid rainforest ecologies of West Africa has resulted in a reduction in the length of the fnllow ' 

period, to theextent that the soil restoration advantages of the bush fallow systcrn have been almoct totally lost & .  

/ .  

(Uzozie, 1971). For example, in Mbaise in south-eastern Nigeria the shortage of  arable land as  a rewlt  o f  : , 

population pressures has reduced the fallow period from 10 to  3 years. t . 



Yield declineand growing weed pressure are cornnios in pans oftlle tropics where burll hllow p c r i n l ~ s  

been reduced. Peasant f:~;ln~lers faced witti [lie prorprfl of v1101t~r ~ I I I I O W  ~ ~ r ~ i o f l , ~  i l l  MllllilC f I B I  I l l i l l l l  

tlcl'lltlC's, 1'1llctlst.tl u l l ~ l l l i l i ~ l l ~ l l  lllley cro11l)lng syhlelri usilig I)c~c.~j.lodctritj (Ac,;od) h(lt.fcrj as t i le  

species. An important economic aspect of this system is that the stems of Dactyladcnio harlerj are used for 
staking yam (Dialium sp.). a major food crop in the region. At Umuahia, ;llso in ~ o u t h - e a ~ l ~ ~ ~  ~ i ~ ~ ~ i ~ ,  
Dact~ladenia harleri, Anflronotlta rnacropllylla and Ilicrliunr ~riitlccnse arc selectively protected duing land 
clearing. In this system and in the more common bush fallow systcrl~s, irnprovemcnt in soil physical, cllcrnicnl 
and biological chnracteristics can be realised rlirougli tlic supply of ;idcqua[c arnounts of organic nl;ltter to fie 
surface soil as mulch. Little is nown about the resource profile of these fallow systems, the extent of their 
contribution to soil improvement and the processes involved in the regeneration or  degradation of resources 
in these systems. ' 

The objective of the study reported here was to characterize the two fallow systcrns and to assess their 
potential contribution to soil improvement. 

MATERIALS AND MET1 IODS 

Site selection and  vegetation analysis 

Two sites were selccted in the humid forest region of south-eastem Nigeria: a plaritcd Doc~~lutfctr ia hnrrcri 
fallow system at Mbaise (7"03'E, 0S032'N) and a natural bush fallow system at Urnuahia (7O03'E. 0S020'N). 
In Mbaise, each of the four participating fanners had pl ;~n~cd f ) ~ ~ . ~ ) ~ I ~ d c t ~ i u  hortcri fields with f:~llow Icr~grhs 
ranging from I to 3 years; in Umuahia, the four participating famicrs each had five fields, with fallow periods 
ranging from 1 to 5 years. 

An analysisof the vegetation was carried out during the dry season (Dcccrnbcr) bcforc bus11 clearing. Using 
3 x 3 m quadrats along sclcctcd transect points as sample units, all woody species were identified and recorded. 
Records were also made of the number of woody stunlps and their basal diameter. the number of sterns per 
stump, the girth of each stem at the base, and the height of the vegetation at [he sampling point. Canopy cover 
was assessed directly under the stump and expressed as a pcrcentagc of the samples taken. 1 Icrbaceous p1:tnts. 
were assessed in 1 x 1 m quadrats within each transect. 

Litter production and nutrient composition 

Studies on litter production were restricted to three species. Dnctyladcnia harlcri. A .  ntocroph~lla and Diulilmm 
g ~ r i n e ~ n s r .  In each farm, three stumps of each species wcre raridorrlly selected and t:lgged. T;tgge(l stumps wcre 
then monitored for as long as the bush fallow lasted. 1,itter was collected once a ycar (in Dcccrrlhcr) frorn three 
randomly selected locations under each tagged stump, using 25 x 50 crn quadrats. The samples were bulked an 
a subsample was then taken for dyring and analysis. 

In Mbaise, where Dacryladcnia barteri is planted directly in the rows, spaced 2 rn np;~rt, litter u.:tr; collected 
fronl the area between the hedgerow using the same nurnbcr and quadrat size as in Urnualli;~. In the laboratory 
the soil was sieved and the litter was then floatedin the water toeliminate any remaining soil particles. Floating 
litter debris was collected and added to the other more bulky litter before drying at 105°C for 12 hours. The dried 
litter was then ground in a mill and a weighed sample was used for analysis of nitrogen, phospliorus. potassium. 
calcium and magnesium (IITA, 1979). 
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Soil analysis 

Surface soil from the various systems was collected to a depth of 10 cn1 (3 cm diameter) on dia_ronals in the 
transects used tocollect litter. A randonlizetl block design was used, wit11 c ; ~ c t ~  f;lrn~ :ts 3 rcplicntio~l ; I I I ( I  f ; ~ I I o \ v  

lengths ranging fro111 I to 3 (Mbi~ise) or 5 (U~llu;ll~ia) years. A soil sanlple ( I  kg) was ~)assctl ~h roug l~  ;I 3 r i ~ r r ~  

nlesh sieve and fmction;~tcd using the r ~ ~ c t l ~ o t l  rcco~nnlendctl by the I'ropical Soil Biology arid 1:crtility 
Programme (TSBF) (Anderson and Ingrarn, 1989). The floating materials consisted mainly of plant particles 
that float in water, the light (0.25-2 rnrn) fraction (the active fraction, presumed to have a short tunlovcr tirne 
of less that 5 years) and the fine fraction (0.15-0.25 rnm) which consists mainly of niincrals. Thcse fractions 
were then analysed for organic C using the nlcthod dcscribcd by Arllato ( 1983). I 'he soil s;lrl~plcs wcrc :~l\o 

analysed for pII, organic C, total N and cxtr;~ctahle Dray-] P (II'I'A. 1979) 

RESULTS AND DISCUSSION 

Vegetation analysis 

in the natural bush fallow at Un~uahin, the tilost aburldar~t species were Dtic.tyluclctricl h(1rtcr.i. A .  nrtic~ro~~lr~lltr 
and Dialium gliitreetlse. These species appeared mainly as regrowths fro111 old stunlps r;tndomly disributed or1 
the fanns. On most stumps there were several stems. The species featured in all the girth classes throughout the 
sampled fields and, together, accounte'd for over 8070 of the total stern density in each field. The decline in the 
number of stems in the 0-5 crn girth class with an increase in fallow length up to 4-year fallow periutls was 
expected (see Figure 1) but the sudden increase in the number of 0-5 cm sterns in the 5-year fallow su_rgests 

Figure 1 Effect of length of bush fallow on a) girth class and b) basal area of trees, Umuahia, 
Abia State, Nigeria 

- - - -. . - - . - - - . . .- . -. . - --. . .- -. . - -- 
I I 

1 2  3 4 5 1 2 3 4 5 
Fallow length (years) Fallow length (years) 

0 0-5 cm 0 >5-10 cm 0 > l o - ,  5  crn 1 >IS-20 crn 1 >20 crn 
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"ctU"l lo f l lejuverl i l~slaae).  This isan indication ofh;glllllllllan 
orErealerc ;rr';lciIy ofthc Inrp,crsrllrnps U1llL1rlli' lo Pellcr'lte new sllOvts. ITle cxlelldcd juvr.r~ib SI;IC of  burll f.,],oW ill ,I]iS :Ilea r i l l  r.,l;, tl;,vc an adverse crfecr On Ihe conscrvarion the  resoUrCCS nccdcd for crop prwJuclinn, s ~ ~ ~ , ~ ~  of prenler Fin,l cJccre'acd in 'Jel'sity is "lc 3-ye;lr-uld rnllow. 'JIIC rc:,so,lr llljS clecrc.lsc ,,eccl filllIcr invrsl iQat inn,  exampJev ifany of ''Ie s ~ c i e s  is of econon~ic value (as f i r e w d ,  for inslance) lo ,lie nnllcr lo hustl clearing. this might explain its selective thinning. 

of " 'In pinil ncc()~lle(l  for ~ ~ ~ ( ~ t l  01 tile SICIII  t,;lsill arcn ~ ~ ~ ~ ~ ) ~ ~ ~ ~ ~ i : , ,  ( iillll  clil (,isl,.i,l,lli()ll 
Mhaise i lf terrf 'esecond~earoffallow was more uniforrll I I I ~ ~ I  at usla:dlia, 

irldicrljllp less ill lcrfcrerlcr w i lh  Ihe vegew'ion(see Figure2). the 3-year fallow stems w i ~ h  ginhs ofover 5 cm dnmin;lnl. ne minimnl 
area was0ver4 m2/hn. *sIhc fallowmafured, S l m S  with n basal arc. of  less ~ h ; ~ ,  2 l a ? ~ n  ~ ~ c J i n c ~ ~ s / l r w l y ~  

Figure of length of bush fallow on a) girth class and b) bawl area of D,clybdmj,, [,,,r~crj, ~ b ~ ; ~ ~ ,  
Imo Slate, Nigeria 

1 2 3 

Fallow length (years) F a l l o ~  I f m ~ t I 1  ryr. lr .~l  

1 0-5 cm 0 > l - l O  crn 0 >I"-15 cm 8 >15-20 cm 

Litter production 

-l-he amount of litter produced by the two systems is given in Figure 3. Although the litter in the bush 
at Umuahia was froln three tree species, the amount from the Dact~ludcrl ia harrcr-i fdlow a' Urnuahia was 
higher i n  the first year of fallow, equal to the other species in the second Year (sc)ltlc ~ lar l l s  may 
removed for use as staking materials) and higher in the third year. 711e amount of Ducr!.lfldfllia l i t t e r  

almost doubled between the first and third year. By the third year, the canopy was generally 704, 

to  the nearly uniform distribution of litter. The canopy Cover and the litterfall play an i n l ~ O r t a n t  

role the soil sllrface from erosion and reducing weed dcnsity and weed popularions in  

~h~ analys is  of the for content of major nutrients sllowcd that Ille two systcllls h;ld sinli1:lr 'Irnounts 

of  litter for each given fallow length (see Figure 4). 
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Figure 3 Litter dry weight in natural bush fallow and planted fallow 

I - -- - - - . -- - . - - .- - 
D~~yl r r ic>n.o l~ b<?neri litter 

10 - I 

. . 

Natural I I U S ~ I  f ~ l l o w  litter 
. .~ &.- 

I 

1 2 3 
Fallow length (years) 

-. ~ 
-. .. . . - - 1 

Figure 4 Percentage nutrient content of litter from a) planted Dacfyl~denia barferi fallow and b) natural 
bush fallow 
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Fallow length (years) Fallow length (years) 



ANALYSIS Of VL(;CTATION AS A ~ [ S O U K C E  

Data from the soil chemical analysis are presented in Tables I arid 2. At hlhaisc, f:~llow lc~lgtli did not 
significantly influence the parameters studied (see Tnblc I ) .  ?'tic floating, light arid fine rn:ilcri:lls in tlic I -year 
fallow wcrc equivalcrlt to 1.33.0.5 I and 0.70 g C/kg, rcspectivcly. Thcir rcspectivc C contcnt iricrcsscd by 2 1, 
53  and 51% in the 2- and 3- year fallows. This could be explained partly by the differences in organic input 
measured as litterfall. Dactyladenin har~ericontained 67% C (Mulongoy and Gasscr unpubl.) and 3 1% lignin 
(Mulongoy ct nl.. scc Paper 1.3 tlrcse procecdin~s).  Uncxpcctcdly, soil pll and orgarlic C tcritlc(l to rlccrcase 
with increased fallow length, although the values were not significantly'different. Extractable P content, 
however, increased by 63% with fallow length. This increase represented an addition of 5.9 kg P h a  and could 
be explained partly by the arnount of litter. 

At Umuahia it was possible to compare three fanns for 2-, 3- and 4-year fallow lengths (see ' hb le  2). The 
amount of each fraction was not significantly influenced by fallow length. In gencml. pli, soil organic C, rota1 
N and extractablc P increascd in 4-ycnr fallow plots. 

'Tllcsc tl;~ta sliow tll:lt wootly spccics, citllcr plantctl or sclrclivcly prolcclrtl, 11:ivc llic [n~lrlrli;~l to rcstorc 
fertility to the soil within a short span of time. IIowever, food crop growth and yicld must bc rstirn:~tcd to 
correlate changes in soil chemical properties with soil fertility. 

CONC1,USION 

The stems ofDactyladenia bar-teri at Mbaise contributed rnore to the basal area in 3-year fallows than the stems 
in fallows of the same length at Umuahia, where bush fallow spccics arc not pl;lnrcd. The Iiigh conccntr;ition 
of a single species (L)uc~Jludc~~icr hur1er.i) at Mbaisc may Iiavc twcn rcs~~onsiblc for the crc;ltcr irnl):tcl of this 

fallow species on soil fertility maintenance than that obsened in [he natural bush fallow system at Umunhia. 
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