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Agricu l tu r e  

T h e  domin a n t  r o l e  o f  o rgan i c  ma t t e r  i n  p romoting aggregate 

s ta bi l i ty and the s t rong re l a tion s h i p  b e twee n  t h e  la t te r  and soi l 

e rodib i li t y  a re o b s e rved consis t e n t l y  b y  many r e s ea rchers . These 

findings sugge s t  t ha t , orga n i c  ma t t e r  and soi  I e rod i bi Ii ty shou l d  

have a s t rong r e l a t i on s hip t oo . Howeve r ,  t h i s is not  a l ways true . 

Some worke r s  foun d  a weak r e l a tion s h i p  b e t\,ee n  the  t\,o. \�·i t h  th::.s 

ba ckground , exp e r i �en t s  were condu c t e d  t o  exami ne the role of 

or ganic matter and its constituents on soil aggregatinn and 

e r od i bi li t y  for some �a l ays i a n  soi l s .  

Ten s oi l s  comp ris i ng o f  five s oi l  s e ri e s  under diffe rent  

l andus e s  and v a r y i ng o rg a nic ma t t e r  con t e n t s  we r e  subj e c t e d, in 

situ, to  simu l a ted rain . The s o i l l o s s e s  we r e  taken as  the i r 

rela tive e rodib i lity va l ue s . The a ggrega tion characteris t i c s 

xi 



indices, namely, percent aggregation, mean weight diameter after dry 

mean weight dia�eter after wet sieving (t-lWDw)' 

percent , .. ater-stable aggregates >0. 5mm (%�SA >0.5), stability 

index (SI), clay ratio and T20/T2 of the soils were determined. T2 

and T 20 are percentage of light absorption after the soi 1 being 

dispersed in water for two and twenty minutes respectively. t-lWDw' 

�;'WSA > 0.5 and 51 are taken as macroaggregate stability and clay 

ratio and T 2 0/ T 2  as microaggregate stability. The soils were also 

analysed for total organic matter content, decomposed organic matter 

(humus) and constituents of organic matter (fulvic acid, humic acid 

and polysaccharide). �he sum of fulvic acid, humic acid and 

polysaccharide is referred to as humus. 

It was found that, humus acted as a more effective binding 

agent and consequently showed a better relationship with soil 

erodibility compared to the total organic matter. This implies that 

the forms of organic matter are more important than its total amount 

in relation to soil aggregation and erodibility. 

Malaysian soils tend to have a greater amount of fulvic acid 

than humic acid and polysaccharide. Their relative importance with 

respect to soil aggregation and soil erodibility is in the order 

of fulvic acid> polysaccharide > humic acid. 

Aggregate size distribution and aggregate stability are 

significantly correlated to soil erodibility. However the 

macroaggregate stability had a more dominant effect than the 

Xll 



microaggregate stability. Of the macroaggregate stability indices 

tested, ��S; >0. 5 was found the most efficient index for soil 

erodibility. 

Landuse types which cause differences in organic matter status 

of the soils directly affect the aggregation characteristics and 

hence soil erodibility value. The results showed, erodibility values 

of a same soil series subjected to different landuses were 

different. 

xiii 
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Peranan bahan organik yang dominan dalam meningkatkan 

kestabilan agregat dan hubungan yang kuat di antara kestabilan 

agregat dan erodibiliti tanah adalah pendapat yang telah diterima 

umum. Maklumat ini mencadangkan, bahan organik dan erodibiliti 

semestinya mempunyai hubungan yang kuat juga. Walau bagaimanapun 

sesetengah kajian mendapati hubungan yang lemah di antara keduanya. 

Berdasarkan kepada latar belakang ini. eksperimen dijalankan untuk 

mengkaj i pengaruh bahan organik dan j uzuk- j uzuknya terhadap 

pengagregatan dan erodibiliti tanah bagi beberapa siri tanah di 

Malaysia. 

Sepul uh j enis tanah yang terdi ri daripada lima si ri dengan 

pelbagai gunatanah dan kandungan bahan organik yang berbeza, in 

5i tu, diperlakukan dengan hujan tiruan. Jumlah tanah yang 
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terhakis diambilkira sebagai nilai relatif erodibilit: tanah. 

Penunjuk-penunjuk sifat pengagregatan tanah iaitu; peratus 

pengagregatan, berat garispusat purata selepas ayakan kering WwDd) , 

berat garispusat purata ayakan basah (roY-Dw), peratus agregat stabil-

air >0. 5 mm (��WSA >0 . 5), indek kestabilan (51), 

T20jT2 bagi tanah-tanah tersebut ditentukan. 

nisbah l ia t dan 

dan SI rnenunjukkan kestabil an agregat rnakro sernentara nisbah liat 

dan T20jT2 rnenunjukkan kestabilan agregat mikro. Kandungan 

keseluruhan bahan organik, bahan organik terurai sepenuhnya (humus) 

dan juzuk-juzuk bahan organik (asid fulvik, asid humik dan 

polisakarida) tanah juga ditentukan. Jumlah asid fulvik, asid humik 

dan polisakarida diambilkira sebagai h umus. 

Kajian mendapati, bahan organik yang te lah terurai sepenuhnya 

(humus) bertindak sebagai ajen pengikat yang lebih efektif dan 

seterusnya menunj ukkan hubungan yang lebih baik dengan erodi bi Ii ti 

berbanding bahan organik keseluruhannya. 1ni menunjukkan, bentuk 

bahan organik adalah l ebih penting daripada jumlah keseluruhannya 

dalam hubungan dengan pengagregatan dan erodibiliti tanah. 

Tanah di Malaysia mengandungi lebih asi d  fulvik berbandi ng 

dengan asid humik dan po l isakarida. Susunan kepentingan juzuk bahan 

organik terhadap pengagregatan dan erodibiliti tanah ialah asid 

fulvik > polisakarida > asid h umik. 

Taburan saiz agregat dan kestabi l an agregat, kesemuanya 

mempe�garuhi erodibiliti. Walau bagaimanapun pengaruh kestabilan 
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agrega t ma k ro ada l ah l ebih domi nan berba nd i ng kest abi l a n  agrega t 

mikro . %WSA >0.5 d i dapa t i  me rupakan indeks yang p a l i ng s e sua i untuk 

erod ibi l i t i t a n a h  d a r ip ada  t iga p e nunjuk ke s t ab i l a n  agrega t makro 

yang d i uj i . 

Gunatanah yang b e r l a i nan menyebabkan perbezaan kandungan bahan 

orga n i k  yang s e ca r a  terus memp e ngaruhi s i fa t  p e ngagrega t a n  dan  

e r o d i b i l i t i t a na h . Ha s i l  k aj i a n  menunjukkan , n i l a i  e rodibi l i t i bagi 

tanah yang sarna t a p i  gun a t a nahnya b e r l a i nan ada l a h  berbeza -be z a. 
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CHAPTER I 

INTRODUCTION 

Agricultural expansion in Kalaysia is a t  present shifting to 

marginal areas, not ably the uplands and s t eeply sloping area s, 

because mos t  of the lowlands sui t a ble for agriculture have already 

been developed. These area s are highly vulnerable to soil erosion. 

The high rain erosivi ty (Dale, 1960 and Nieuwolt, 1981) enhances 

the severit y  of the soil erosion problem. Erosion control is 

indispensable in the development of s teepland for agriculture 

because excessive soil los s  can lead to soil s tructure 

deteriora t ion, organic ma t ter and nutrient depletion, decrea se in 

soi 1 ferti lity and hence reduced crop yield (Lal, 1976; 1984; 

1988). Therefore, soil properties particularly erodibility and 

those directly affecting it need to be inves tigated. Da t a  on soil 

erodibility are impor t ant for soil conserva tion planning programme. 

They are needed for formula ting appropriate soil and crop management 

systems for s teepland cultiva tion. For this rea s on, soil erodibility 

a s sessment of these soils is very essential. 

Soil erodibili ty can be determined by three approaches as 

ca tegorised by El-S\.;aify and Dangler (1977). The firs t approach is 

ba sed on actual mea surement s  of soi 1 los s  from s tandard bare 

plot (Wi schmeier, 1976). The second method is based on mea suremen t s  

under simula ted rainfall and the third, es tima t ion using predictive 

equa tion or nomograph. The firs t two methods, particularly the 

ac tual mea suremen t s  from bare plot s, are cos tly and time consuming. 
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Because i t  i s  s i mp l e , rap i d  and cheap , the thi rd approach i s  o f t e n  

used , u s i ng the mod e l  de s c r i b e d  b y  �i schme i e r et a1. ( 1971). 

However, i t s  r e su l t for  Ma l a ys i a n  s o i l s  i s  not cons i s t ent . V.aene and 

l,.;'an Sul a iman ( 1980) and \.Jan Sul a iman et a1. ( 1981) rep o r t e d  l a rge 

d i fferences b e twee n  s o i l e rod i b i l i ty va lue measured f rom s tandard 

e ros i o n  p l o t s  and those e s t ima ted us i ng the nomograph o f  

wi s chme i e r . I t  s e ems that  a s ep a r a t e  equa t i on needs  t o  b e  d e r i v e d  

for m o r e  r e l i a b l e  e s t ima t e s  on t h e  t r op i ca l  s o i l s  o f  Ma l a y s i a. To do  

s o , fa ctors  con t r i but i ng to the e r o d i b i l i  ty o f  the s o i l shou l d  b e  

fu l l y under s t ood . The r e  a r e  var i ou s  fa c t o r s  a ff e c t i ng e rodi b i l i  t y  

such as densi t y ,  p or�s i t y ,  p erme a b i l i ty ,  agg rega t i on ,  textur e , c l a y  

m i n e ra l ogy , s e s qu i ox i d e s  a n d  o rga n i c mat t e r  con t en t s . Texture , c l a y ,  

s e squi oxi de s and o rgani c  ma t t e r  i nd i r e c t l y  a ffect  e rod i b i l i ty by 

i n f l ue n c i ng s o i l aggrega t i on w'h i ch in tur n  i n fluence so i l  dens i ty ,  

poros i t y ,  p o r e  s i z e  d i s t r i bu t i on and pe rmea b i l i ty .  I n  t h i s  t h e s i s ,  

on l y  the e f fe c t  o f  organi c ma t t e r  on soi l aggrega t i on and 

e rodi b i l i t y wi l l  b e  cons i de r e d . 

The r o l e  o f  organi c  ma t t e r  i n  p romot i ng s o i l aggrega t i on i s  

wide l y  recogn i s e d . Howeve r ,  not a l l  the orga n i c ma t t e r  p r e s e n t  i s  

a c t i  ve i n  the p r o ce s s  o f  agg rega t e  forma t i on . I t  has b e e n  repor t e d  

t h a t  t h e  de composed  p roducts  a r e  more i mp o r t an t  t h a n  the 

unde composed  and part l y  de composed  p roducts  ( A l l i son , 1973 and 

Soong , 1980). In addi t i on , the cons t i tuen t s  o f  the de composed 

p roduc t s  ma y a l s o i n f luence so i l  aggrega t i on a s  d i s cove red by  many 
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worke rs ( Ti sda l l  and Oades, 1982 ; Chaney and Swift, 1984 ; Chesh i r e  

et a1., 1985 and Fortun et a1., 1989). Keve r t h e l ess, s tudy i n  this 

asp e c t  for Ma l ays i a n  soi l s  is  ve ry l i mi ted . 

I t  has a lso b e e n  est a b l ished tha t t h e r e  is a good r e l a t i onsh ip 

b e tween soi l aggrega t i on and erodi b i l i ty ( Egash i r a  et a1., 1983 and 

E l we l l , 1 9 8 6 ) . Thi s  suggests tha t soi l e rod i bi l i ty should  be 

c l osely r e l a t e d  to o rgan i c  ma t te r . Howeve r ,  t h e r e  a re some 

d i fferences i n  op i n i on concern i ng the  i mp o r tance  of o rga n i c  ma t t e r  

i n  i nf l ue n c i ng soi l e rod i b i l i ty .  Sambya l a n d  S h a rma (l986) and 

Da t t a  e t  a1. ( 1 9 90} i n d i c a t e d  posi t i v e l y  and h igh l y  sign i ficant  

r e l a t i onshi p  b e twe e n  o rga n i c  ma t te r  and s o i l e rodi b i l i ty .  On the  

con t r a ry ,  E l - Swai fy and Dang l e r  (1977) found that  t h is was not so . 

I n  a l l  t h r e e  stud i es the t o t a l  amoun t o f  o rgan i c  ma t te r  was 

consi d e r e d . As men t i oned ea r l i e r  t h e  decompose d  p roducts and may b e  

t he i r  cons t i t u e n ts a r e  m o r e  i mp o r tan t i n  aggrega t i on . T h i s  may be 

one of  the r easons for the  d i sc r epancy observed in the soi l 

e rodi b i l i ty and o rga n i c  ma t t e r  re l a t i onsh ip . 

Ega shi ra et a1. (1983) and Elwell (1986) reported a good 

r e l a t i onsh i p  b e twee n  soi l erod i b i l i ty and macroaggrega t e  stab ility . 

O n  the o t h e r  hand , Moh d . Mokh t a rudd i n  (1986) observed that , for 

Ma l aysian soi ls ( Ul t isols and Oxisols ) ,  soi ls wi t h  more s t a b l e  

m i c roagg rega tes we re  found t o  be l ess e ro d i b l e . The a bove findi ngs 

suggest t h a t  for Mal aysi a n  soi l s ,  t h e  m i c roaggrega t e  stabi l i ty and 

not the mac roaggrega te  stab i l i ty p l ays a more i mportant ro l e  in 

i n f l ue nc i ng soi l e rodi bi l i ty .  
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The general objective of this thesis is tterefore to study the 

influence of organic matter and its constituents on soil aggregation 

and erodibility. The specific objectives are 

l .  to study the relationship between soil aggregation and 

organic matter and its constituents, 

ii. to study the relationship between soil erodibility and organic 

matter and its constituents and 

iii. to determine the relative importance of microaggregate and 

macroaggregate stability in influencing soil erodibility. 

In the conversion of forest area to agricul ture, the period 

between land clearing to crop establishment is the most critical 

stage with regards to soil erosion (Lal, 1977). During this period, 

soil erosion is alarming, removing most of the topsoil rich in 

organic matter. The subsoil left behind usually is low in organic 

matter content. The results from this study will provide a better 

understanding on the role of organic matter on soil aggregation and 

erodibility of Malaysian soils. The information obtained could be 

utilized for planning soil conservation programme in order to 

achieve sustainable agriculture. 



CHAPTER II 

LITERATURE REVIEW 

Soil Organic Matter 

The Nature and Constituents of Soil Organic Matter 

To understand the role of soil organic ma t ter in soil 

aggregat ion and erodibi li ty, i t  is necessary to know its origin, 

constituen t and na t ure. The complete organic ma t ter of the soil 

c omprises 1i ving organisms as well as their undecomposed, partly 

decomposed and completely transformed produc ts. Though soil organic 

ma t ter is a heterogeneous mixture, it can be broadly classified into 

t wo main groups. According 

groups are 

to Kononova ( 1966) the 

1. the unal tered materials which include fresh 

non-transformed components of older debris and 

ii. the transformed produc ts or humus, which 

two main 

debris and 

bear no 

morphological or chemical resembl ance to parent materials 

from which they were derived. 

The transformed products are often referred to as humlfied 

products (Hayes and Swift,  1 97 8 )  although they consist of both 

humic and non-humic substances. Figure 1 illustra tes the various 

constituents of soil organic ma t t er. 
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Figure 1. Schematic Illustration of the Different Constituents of 
Soil Organic Matter (after Korhayati !':oris, 1982). 

Non-Humi c  Substances 

The non-humic substances are products of advanced 

decomposition of organic residues and products resynthesized by 

microorganisms, Collectively, these compounds of non-specific 

nature, form 5� to 25� of the total amount of soil organic matter 

(Stevenson, 1982), 

Of the non-humic subs tances group, carbohydrates especially 

polysaccharide occur in greatest abundance. Other substances occur 

in very s:nall quantities. Soil carbohydrates are deri ved from 

plant residues and remains of microorganisms and animals. Animals 

contribute a smalle, proportion of soil carbohydrates and they are 

6 
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i n  the form o f  g l ycogen , s n a i l  gala c t i n, nucleic a c i ds and  the 

po l ysaccha r i d e s  con t a i n i ng n i t rogen and s u lphur (Perciva l ,  1 96 2 ) .  

Humi c Sub s t a nc es 

Organ i c  subs tances of  h um i c  n a t u r e  a re i n  t h e  form whi ch 

cannot be  re l a t e d  to any o f  the  e x i s t i n g  g roup s  known to orga n i c  

chemi s try . Accordi ng to G r i f f i t h  a n d  S c hn i t z e r  ( 1 9 7 5 ) app roxima t e l y  

6 0 %  to 7 0 %  o f  t o t a l soi l o rganic  ma t te r  con s i s t  o f  humi c 

ma t e ri a l s ,  whi l e  Lau and Norhaya t i  ( 1 9 8 9 ) reported t h a t  for 

Ma l a y s i a n  s o i l s  under r u b b e r  cul ti v a t i o n, the hum i c  s u b s tances 

con s t i tute  ove r 70% of  s o i l orga n i c  ma t t e r . 

The maj or  i de n t i fi a b l e  f r a c t i on s  o f  the humi c subs tances a r e  

h umi c a c i d  and fu l v i c  

Humi c  a n d  fu l vi c a c i d s  

a c i d  ( Kononova , 1 9 6 6; S t evens on , 1 9 8 2 ) . 

a re b a s i ca l l y  o r gani c compounds having 

cen t r a l  nuc l e i  with s i de chai n s  of  a l ipha t i c  and a roma t i c  groups 

such a s  carboxy l i c ,  hydroxy l i c , carbony l i c  and ketonic . The s e  

g roups dete rmine the comp l ex i t y  and i n  turn the r e a c t i vity of  t h e  

aci ds . The extra c t e d  humi c ma t e ria l s  can be  fra c t i onated into  

s eve r a l  compcne n t s  based on their solub i l i ty in  acid and a l ka l i  

medi a .  The s tructure of the humic fra c t i on s  a r e  s i mi l a r  but d i f f e r  

i n  mo l e cula r weigh ts , con ten t o f  fun c t i onal g roups and c a t i on 

e x change cap a c i t i e s . E s t ima t e s  o f  the mol e cu l a r  wei gh t  o f  the humi c 

a c i d  i nd i ca t e  a range of  5 0 , 0 0 0  t o  1 0 0 , 0 0 0  wi th few mo lecu l e s  

hav i ng mo l e cu l a r  we i ght ex ceed i n g  2 5 0 , 0 0 0 . The fu l v i c  a c i d  have much 

sma l l e r  mo l e c u l e  s i z e  wi th a range of 5 0 0  to 2 0 0 0  ( S tevenson , 1 9 8 2 ) . 
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The humi c substa n ces as we l l  as p o l ysa cch a r i de have consi de r a b l e  

infl uence on so i l  aggregati on and sta b i l ity . The d i ffe ren ces 

betwe en the humi c fracti ons a re summa r i zed i n  F i gu r e  2. 

Humi c substances 

I 
Fracti ona t i on on the b asi s o f  so l ub i l ity 

SOIUb ll i n  both S o l u b l e  1n a l ka l i, Inso l uble l in a c i d  
a c i d  a n d  a l ka l i  i nso l u b l e  i n  a c i d  a l ka l i  a n d  a c i d  

, I 
Fu l v i c a c i d  Hum i c a c i d  

< De creasi ng mo l e cu l a r  weigh t 

< D e c reasing  ca rbon conten t  

< D e c reasing  n itrogen content 

< D e c r e asi ng resemb l a n c e  to l i gn i n  

< I n c reasi ng oxygen conten t  

< In c reasi ng a c i d i ty and CEC  

J 
HumIn 

Figure 2. Classification of Humic Substances (after Haye s and Swift, 
1978) 


