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SUMHARY 

Humic substances of organic inatter were extracted 
with 0.W neutral sodium pyrosphosphate (Na4P20 
0.W Sodium hydroxide (NaOH) l nd l cfdifitd dine z 

1, 
hyl 

sulphoxide (DMSO) from fivc sol1 types rcpresenting four 
ecological zones ln Southern Nigeria. Al1 the examined 
characteristics of the extracted humie substances were 
found to vary with the extractants l nd soi1 types. In 
addition, thc following observationswera made: 

(1) 

(il) 

(iii) 

Extractability of organlc matter was affecte4 
by the type of clay ainekal in the SOUS. 

N ? 0 might not be suitable for the extra- 
ddn’of pure humlc substances especlally 
from the acid tropical 3011s. 

Organîc matter in the experimental 8011s 
might ba Ngher than what is usually tstimated 
as organfc carbon in the extracted humk l c2ds 
was lower than the arsumed 58 pcr cent. 

Houevar, noce research work 1s requlred before any 
conclusikm could be made in respect of the above- 
listed observations, 
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INTRODUCTION 

organic mrttcr, or more accurotcly, thc humic sub- 
stances of soi1 organlc aattcr, has betn widcly shown 
to plry an important role in dctermining thc supply 
l nd mobility of most of plant nutrients. 1 ts bcntficial 
effects on the physical and biologlcol properties of 
soils have.also bccn wall documented. 

In the tropics wheti the soi18 are usually kaolinitlc 
l nd inert, organic matter is synonymour with their 
fertility (Agboola l nd Pagbenro, 1985). This îs because 
organic matfer increases cation exchange capacity and 
base absorption of soil, improves roll buffering capacity 
and reduces toxicity of other elements. Thu8, in order 
to estimate tire quolity of a ~011, in proparties rclated 
to structure l nd plant growth, it would be inperative to 
determine the organic status of that soi1 (Yonnah, 1980). 
And because of the importance of organic natter to roll 
fertility l nd classification, in addition to knouing 
the l mount of total (undecomposed, partially decomposed 
l nd humified) orginic œatter in a soil, if is neccssary 
to know tha composition of the various forms of organic 
matter prtsent in that ~011, Completely humified 
organic matter (humic substances) 1s the nost stable l nd 
most important fonn of soi1 organic mattcr in SO far as 
roll properties and plant growth are concerned hence 
this paper is moinly based on this form of organfc matter. 

Organic matter and its humic substances in 
temperate soils bave been researched extensively since 
the end of thc last Century (Pagbenro, et l l, 1984). 
PIany amthods of extracting theta froc the soi1 l nd of 
characterizing them have been mcplored (e.g. Breœner, 
1950; Kononova, 1961; Swift, 1968; Hayes and Swift,l978). 
Even here, there is still much to know about organic 
natter formation, characteristics and sfgnificancc for 
soi1 productivity. Hayes (1984) ind Swift (19841, have 
respectively, revieued the procedures used fdr the 
isolation and fractionation of soi1 humic substances 
l nd they bave shown that there are no .accepted q ethods 
which con be rclied upon to provide homogcneous fractions 
of the unaltered substances. Up to the present date, 
absolut8 values cannot be put on the amount of organfc 
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mattct prtsent in any soi1 sample. Por cxaraple, aftcr 
thc dctcrmination of the total carbon content of a parti- 
culot soi1 sample, it is still difficult to know whrt 
conversion factor to l pply to the carbon value in order 
to estimatethe organic mrtter content. Thîs is because 
the CsH:O:N ratios in thc differcnt organic components 
cari vrry signif icantly. 

In Nigeria, rcsearch on thc composition l nd propcr- 
Qf:tzfxarganic faatter in our soi10 1s virtually not in 

Yet, it i5 beliaved that the intractabfe 
eroslon p;oblems l nd thc general soi1 infertility that 
are tha banc of tropical agriculture are largely due to 
inadequacy-•nd poor understanding of nature of organic 
mrtter in these soils. There is thcrefore tht justiflca- 
tien for the continued research into soi1 organic aattcr 
systems cithcr here in tht tropics or in the temperate 
regions of thc world, 

EXPERI.%NTATION 

Pield SamDlinu: After a preliminary survey of neny soils 
with varying organic mattcr contents, fivt areas reprtsent- 
ing four ecological zones in Southcrn Nigeria wcre 
selected for study. Thesa areas are Ukpom Bande (UB), 
Ibadan (IB), Lanlate' (LA), fpake (IP) and Oja-Odaa (00) 
(Figura 1); Soi1 samples were taken fron the top lOcm, 
Some relevant information on the experiacntal soils is 
presented in Table 1. In Ukpom Bcnde, Ibadan and Ipakc, 
5amplu .were collected from uncleared, secondary rain 
forests which were probably SO - 100 ytars old; at 
Dfa-Odrn, soils undcr a 200year old teck plantation were 
sampled while th5 Savannah roi1 (Lrnlate) was froc a farm{ 
land which hed lain fallow for S to 10 ycars. 

Anrlvtical mtthods 

Soi1 teaction iv55 determined with Unicam PV 9418 
pli mater using 2/1 (water/soil) suspension; total orguric 
ratter content wa5 by Wakley-Black method (Allison and 
noodie, 1965); particle l nalysis by 5edimentatiOm; clay 
mineralogfcal detenaination was effected by using a 
Phillip 

R 
-PU 1720 X-ray genarator at wavalen 

s 
th of 

1.54170 . Ash contents of the sol1 l nd hum c 8ub8tanC5S 
WCIC determined by igniting the aven-dry (lOSOC> SamPleS 
In a auffle furnace at SOOOC for 18 heurs. Total carbon, 
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Fig. 1. Map of Nigeria showing location of study sites. 
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hydrogen and nitrogcn in thc humic substances werc 
analysed using Pcrkin Elmer 240 l utomatic clemental 
analyser while absorbancc readings of humic extracts were 
made l t both 4651~s (El) and 665na (R6) uslng a Sheimadzu 
Recording UV-240 Spectrophotometcr, 

Extraction procedurcs 

Three solvent systems, O.lM Sodium hydroxfdc (NaOH) 
which 1s commonly recommcnd neutral solution of O.lN 
m~;ztpyro hos hate (Na P 7s l nd a dipolar aProtfc 

acjkdif!ed dimetflytfulphoxide (Ac DMSOI were 
selected to extract humic substances ftom ;he soifs. 
H8yes l nd Swift (1978) havc discussed the modes of action 
of these differant systems. 

SOg of each untreated, air-dried soîls werc txtracttd. 
Soi1 samples were extracted once with ac. DMSO whereas 
extraction with NaOH was carried out on thc soi1 residue 
left after the Na4PpO 

a 
extraction. Soll-extractant tixtures 

were centrifuges l t 1 ,000 r p m for 30 minutes. 

Humic acids (HA) l nd fulvîc acids (FA) in the NaOH 
and N@ P 0 extracts were separatcd after acidification 
to pH f aiEh HCL DHSO solution extracts were passed 
through XAD-8 resin.beds to separate the solvent froc the 
humîc substances (HS). The DMSO was washed out with 
0.W HC2 followcd by distilled H 0. The l dsorbed HS were 
recovered as dercribed by Law an 8 Hayes (1984). The HS 
yere then sepuated fnto.HA and PA fractions as l bove. 
The HA (precîpitate) was washed with distilled Water, 
centrifugcd, dialyztd l galnst dlstilltd water untfl free 
of Cl'. The dialyzed HA vas then freeze-dried. PA was 
likeuise treated. 

Practionation of extracts 

15ag of extract was dissolved in 25 cm3 buffer 
(O.Ot!W Na2B40ituani + 0 1M NaCI) l nd the same buffer was uscd 
as the column The dissolved extra& was subjected 
to gel-filtration on.column (60 x 3 cm) packed wîth 
Sephacryf CSlOOI-. Column cluates (autoaatically collected 
in lo_cm aliquots l t the rate of 14.2 minutes) were 
aonitored for colour (aboorbance l t bath 465 l nd 665~). 
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P roperties 

PH (H201 

Organic 
llmtter (SI 

Sand (Xl 

sut (Xl 

Clay (X1 

Tcxturc 
(USDA) 

Oja-Odan 
(00) 

6.2 

Table 1: Some relevant propcrtics of thc expcrfmcntal 
SOUS 

Bendc Xbodan Lanlate Ipakc 
JIIR) (IBl (1.A) (IP) 

4.9 6.2 6.5 5.6 

0.2 1.4 2.0 5.6 

0.6 63.4 57.1 54.7 

22.6 23.5 26.1 16.4 

76.8 13.1 16.8 29.9 

ClaY 
Sandy Sandy Sandy 
1OGtIll loaa clay 

1Oni 

Vertis Alfisol Oxisol oxlsol 

Montmori- Kaoli- Kaoli- Kaoli- 
llonîtc/ nite nite nitc 
Kaolinlte 

0.8 
76.0 

16.3 

7.7 

Loamy 
Sand 

Classification 

Main clay 
minera1 type 

oxlsol 

Kaolinfte 

Mean l nn. 
rainfall (mn11 2143 I 1lSS 931 12112 1211~ 

2 Rainfall data used wcrc from a nearby town 
to the two sites whcre there îs a ncteriological 
&ation. 

RESULTS AND DISCUSSION 

PrclimînarY Oraanic Matter Kxtraction 

Results of serics of cxpcriments on thc cffects of 
sait concentration of the cxtractant, acidification of 
Dimethyl rulpboxide, mode of roi1 drylng and acid-prctreat- 
ment prier to extraction of organic mattcr froc the soi18 
bave been reported in an carlier paper (Pagbenro et l l,l984). 
Characterization of Extracted Oroanîc Matter 

Colotar quotient (E4/E ratfol, elcmental compo8itlon 
of both humrfc acid (HA) an8 fulvfc acfd (@A), HAt PA ratio, 
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amount of organic mattcr extractcd l nd pattetn of 
distrfbution of thcit aolccular wclghts are l mong tfie 
parameters usually used to eharacterise organic mattcr 
in sofls. ft is belleved that many of the proptrtics of 
soi1 orgurfc wttcr vary according to the above chatacta- 
ristics. 

In thïs study, organic matter in the experlaental 
soifs wa8 characterfsed using l bove mentloned parameters. 
Results are presentcd $n Tables 2 .to S and Figures 1 to 
IX. 

Colout auotlents 

Data for this parametcr are presented in Table 2. 
In generar, quotients for organic mattcr froa Ibrdan, 
Lanlate, Ipake and Oja-Odan uere sfmilar. That of Ukpom 
Bende uas evidently differcnt from thc resg. Sfmilar 
trend uas observed among the three extractants indlcating 
that organlc matter in thls sail might be fundamentally 
diffarent from the rest with respect ta moleculu weight 
ind degree of hudficatlon. 

Table 22 Data for colour qUOtientS, EJ& ratio, of 
hua&c substances cxtracted from S untreated 
soil types with three solvent mixtures. 

(Mean values of 3 rcplicates) 
soîl Sofvent Absorbante 
TYP@ Hîxture 465 nm 665 nm Colour 

(E4) (E6) 
g;/Eft 

UB O.llm8 P 0 

m n 427 

0.791 0.101 7.81 

z 0.764 0.720 0.168 0.176 4.29 4.33 
z a a 0.810 0.784 0.193 0.184 4.27 4.20 

UB O.lH NaOH 0.80s 0.121 6 65 
IB a 0.392 0.091 4:31 

LA I) 0.440 0.100 
z l 0 0.431 0.339 0.099 0.076 

t*:: 
4:44 

UB Ac.DWO 1.752 0.258 

E a * 
Ii 

1.183 l.Il2 0.249 0.264 

457 6 0 

4.40 
Il 1.190 0.267 4.46 
00 0 , 1.081 . 0.250 4.33 

512 



Fg+ II- Voriotion in yicld of extratrd humic ond tuti ocids omonp 

thc thrw solvcnt mixturrr. 

Ae DM!3 O.IM NOOH No‘P20, 

Ae.DMSO DU4 NaOH %P2 0, 

Ojo odon 

Ac. DMSO O+t NaOu NO‘ P2 0, 

Ac. DMSO O.IM NaOH NosPzO, 

LmJ@ 

Humis Acid 
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Fig. 111. Variation in yields ot humic and tulvic acide omong 

tho tiw soi1 types. 

9. IM NaOH_ 

Fulvic Acid 



Elcmcntal l nalvsis 

Elemcntal l nalySi8 (Table 3) cveidcntly shows how 
the type of uctractant con influence composition of theSe 
humic polym~rs'. Gcncrally, thc data indicatc that the 
carbon contents of the humlc l cld natcrials cxtractcd 
by the acidfficd DU60 were grcatcr than thosc for sodium 
hydroxfda and pyrophosphatc. Undcr l cldlflcd DHSO, thc 
data suggest roarbon content maximum for thc humates 
from both Ukpom Bendt l nd Lanlate soils indicating prcrencc 
of moleculu wcight humic ecids, The data rlso 
show significant diffcrcnocs bctwecn thc humic l nd fulvic 
materials from two of thc soi18 which 1s confirmlng the 
fact that fulvic acid 1s l luays more oxidired than humic 
acid. Table 3 l lso shows that the carbon contents of 
humic l cïd extractcd with acidified DMSO froa tha fivc 
soi1 types varied froa 28.2 to 37.5 pet cent, avcraging 
34.6 as against 58 pcr cent commonly l ssumed. Eascd on 
thcse figures, tht multiplying factor is 2.889 in contrast 
to 1.724 usually aRplied to the carbon value in ordcr to 
estimate the organlc natter content. Grantcd that thc 
humic l cîds contained SO~C quantity of l sh l nd that the 
uork bcing reportcd hare is prcliminary, it is possible 
that organic matter in our soils is highcr thon what is 
usually estimated. More work is ccrtainly requircd in this 
sensitive area of organic mattcr rcsearch. 

Table 3 furthcr shows that the l sh contents of humic 
matcrials varicd especially with cxtractant. Extractr by 
Na4P207 had the Mghest l sh content. According to 
Hayes & 11 (19751, this indic8tes that an cxtract- 
extractant complut was fomed l t lw.pH values. This means 
tbt Na4P207 may not bc very suitable for acid tropical 
80118. 

Quantitv of oruanic mattcr extractcd 

In Table 3 are. l lso prescntcd percentage of organic 
matter extracted fron differcnt soi1 types by different 
solvent mixtures but l mounts of huaic substances 
quantftrtlvely extractcd are shown in Table 4. Variatfons 
in the extracted total organic natter snd humic l cid were 
statistically significant whcreas those of fulvlc l cid 
were not (Table 5). These variations (Figuras II to IV) 
may be partly due to (i) differcnce8 in the quantity and 
type of clay minera18 in thc soi1 (Fagbcnro et l l, 1984), 
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I ub,pom 0rnde 

- ibadan 

a Lanlat* 

- Ipakc 

- Oja Odan 

0 Humic acid + Fulvic acid 
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Table 3: Yfelds l nd compositions of humic l cld (HAI 
ad two ?ulvic l cld (FA) fractions extracted 
from the 5 soi1 types using 3 rolvcnt mixtures. 

3 il 
TYPe 

Sol vent 
mixture 

Yleldz 
(X of 
total El ement 81 com 
soi1 on) Frac- (X) si ion Y’ 

tien C H N A*h 
UB 0.W Ne P 0 

,427 ” 
5.6 HA 29.7 3.4 2.1 47.4 

E 2:: HA HA 31.3 2.3 N.D T47.0 40.4 

z ” ” 4.9 8.7 HA HA 26.6 26.2 2.1 3.2 2.2 3.1 41.6 38.2 

UB 0.M NaOH 11.5 HA 20.0 2.3 1.5 46.4 
z ” ” 17.4 

z 
” ::=7 

HA HA 37.6 30.4 4.1 3.9 4.3 3.0 19.2 36.3 

27:s 
HA 

. 2s.D 
- 33.5 

HA . . 1.8 24.6 

UB Ac.DIYSO 13.2 37.5 1.7 
:B " Il 19.7 N.D. 

E 
28.2 27.8 1.2 3.0 

3.; iz 
1:3 31:r 

LA " 15.8 ii: 37.3 2.4 2.4 31.9 
" 0 ?A 21.7 2.2 1.1 31.5 

SS " " 

1% 

26.7 HA HA 33.6 36.5 4.0 3.0 3.3 3.0 27.2 25.7 

f. HA + ?A on ash - and moisturr - frea basis 

(ii) Kinda l nd 8bundmce of multfv8lcnt catfons (H8yes 
l nd Swift, 19781, (iii) degree of humiflcatlon of total 
organic ratter in the soils as val1 as (iv) differences 
in the modes of action of tha different systeas. 
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Fig. V. Gel chrornatoprqphy 01 humic acids rxt!actrd with thrw colvent inixturrs. 

r- 

/’ 

/ 
,!! 11 

1IME OF ELUTION IN MINUTES 



Table 4: Quant+ of extracted humic l cid (HM and 
fulvic l cid (?A) l nd their ratios with 
resDect to soi1 tYDcs l nd solvcnt mixtures 

soi1 Solvent Praction (mg) Ratio 
Type rystaa HA PA M:?A 

UB O&lM 198.2 30.9 6.5 

E lp4P*0, 0 21.6 25.3 47.9 20.6 0.5 1.3 
IP a 83.3 54.2 1.6 
00 Il 10.9 15.7 1.2 

UB o',lM NaOH 357.7 22.7 15.0 
I8 I 60.5 37.9 1.6 
LA W 106.7 66.6 1.6 
IP W 353.1 65.2 5.5 
00 W 73.3 15.5 4.7 

UB Ac* mfso 404.8 137.2 IB I 92.3 45.4 X 
LA W 109.4 48.2 2.3 
IP W 155.2 88.5 1.0 
00 Il 76.4 30.2 2.5 

2 On moisture - l nd l sh - free basia 

Ratio Qf the content of HA to that of PA 

As ptesented in Table 4, there were differences, 
aven though statiqtically insignificant (Table 51, in 
HAtPA ratios aatong the l xtractants l nd soi1 types. 
Differences among the extractanta indicate that extraction 
mechanisa among the extractants were not the same 
(Swift, 1968). On the other hahd, differences among soi1 
types show the extent these soils are exidized or 
internrlly draine& By this resulf, llkpom Bande, uith the 
highest ratio, was the lerst drained (and this is evident 
on the fieldl while Ibadan the most well drained, 

Pattern of molecular weioht distribution of oruanic mrtter 

Soi1 hwnïfied organic matter is a diverse mixture of 
organic substances consisting mainly of high nolecular 
weight polymeric coœpounda. 
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Figures V, VI l nd VII show clution patternr of 
humic l cids extractcd by l c. D%O NaOH l nd from 
Ukpom Bcndc, Lanlatc l nd Oja-Odan 0011s 

Na,p 
respect jE 

0, 
vcly. 

Figures VIII, IX and X present patternr for the humic 
acide extracted froa the soi1 types l nd from a poultry 
manure sample (Na P20 only) with the three solvents. 
Haterials eluted 4 n tge void volume (Vo) in a11 the 
figures wert considered to have high molecular-weight 
values. It cari be seen (Figure v) that 

Table 5: Analyses of barlance based on moisture l nd 
l sh-adjusted yields of HA l nd PA l xtracted 
froœ the 5 soil’s with the 3 solvent mixtures. 

Sourçe of variation SSD P 
soi1 type WA) 158924.75 39X19 10.45** 
Extractant tvoe (HA) 42304.75 20652.38 5.43. 
Soi1 type (FAi 4428.01 1107.00 1.38 
Extmctant type (FA) 3622.71 1811.36 2.25 
Soi1 type WAtFA ratio) 97.18 24.30 3.01 
Extractint type (HA:PA 

ratio) 41.63 20.82 2.58 
Soi1 type (X OM e&racted 255.23 63.81 5.12' 
Extr8ctant type (X OM 

extracted) 412.23 206.12 16.54** 

Residual (Errer) l nd Total excluded under 
source of variation; degrees of freedom (df) 

- 4 (roll type) 
= 2 (Extractant) 

SSQ - sum of square deviation 
MSD = rean square deviation 
*a - significant l t 1% level 
0 0 significant l t 5% lave1 

only humic l cid extracted by ac. DHSO has fraction with 
molecular weight more than 100,000. The result shows the 
relative difficulty of extracting HS from the very 
clayey, sontmorillonitic Ukpoa Bende soi1 with NaOH l nd 
Na4, 0,. 

fi 
The g& chromatography patterns indicate that 

the umic acids extracted frota this soi1 by these two 
solvents had &ntermediate and low q olecular-weight Values. 
This cari be axplained by the fact that NaOH l nd Na4P207 
could usually bc- expected to extract the more highly 
oxidiaed.mrterials which are generally recognised to be 
the lower molecular-weight components in humic l eids. 
Houever, this pattern was less evident for Lanlate l nd 
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Oja-Odrn soils which are sandicr l nd kaolinitfc. Thc 
thrca solvent mixtures extractcd HA wfth hfgh molecular 
wcight fran thcst last two soifs (Figures VI l nd VII). 

ft 1s cvident thrt both ac. OMS0 (Figure VIII) and 
N8 1 0 (Figure X) extractcd greatcst amount of high 
IBO f &~ar-weight hum& acid respectfvely from Ipake soi1 
than from other soils examined whereas NaOH (Figure fx) 
extrac.ted more Ngh molecular-wefght humic l cîd froa 
Ibadan soil-i TNs result would seem to indicate that the 
type of extmctant 8nd soi1 cari affect pattern of 
distributfon of molecular-uelght of OrgadC matter 
polyllerbr 
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