
DEVELOPMENT OF SOIL ERODIBILITY EVALUATION BY SIMPLE TESTS 
E. Bergsma, I T C ,  t h e  Netherlands 

This text, is a s l i g h t l y  modified vers ion of a background paper accompanying a 
p o s t e r  w i th  t h e  same t i t l e ,  prepared f o r  t h e  EEC Workshop on "Land degradation 
due t o  hydrological  phenomena i n  hi l l i7  areas: Impact o f  change of land u s e  and 
management", he ld  i n  Cesena--Florence, I ta ly ,  October 1985. 

Summary. 

S o i l  e r o d i b i l i t y  tests t h a t  are simple t o  carry o u t ,  n o t  demanding a long t i m e  
t o  perform, needing equipment t h a t  can b e  easily carried t o  any place i n  t h e  
f i e l d ,  have been selected from e x i s t i n g  procedures,  and some tests have been 
developed new. These tests toge the r  app l i ed  t o  a s o i l  g ive  strectrum of  
r e a c t i o n s  by which t o  judge t h e  s o i l s  e r o d i b i l l i t y .  S o i l  e r o d i b i l i t y  is 
considered t o  i n d i c a t e  t h e  a v a i l a b i l i t y  o f  erodable  material and t h e  overland 
flow production. (The e r o s i v e  power of t h e  overland flow is mostly determined 
by t h e  relief and t h e  p l a n t  cover,  and thereby part of t h e  erosion hazard,  n o t  
t h e  e r o d i b i l i t y ) .  
Aspects o f  e r o d i b i l i t y  t h a t  are reflected i n  t h e  test r e s u l t s  are: s o i l  
s u r f a c e  s t r u c t u r e ,  s o i l  s t r u c t u r a l  s t a b i l i t y ,  s e a l i n g ,  i n f i l t r a t i o n ,  p r o f i l e  
s t o r a g e ,  i n t e r r i l l  e r o s i o n  on a small p l o t ,  and t o  some e x t e n t  t h e  s e n s i t i v i t y  
of t h e  s o i l  p r o f i l e  t o  rill  erosion.  
Test employed i n  t h e  f i e l d  are: crum test, modified p inho le  test, manipulation 
tes t ,  r a i n f a l l  acceptance test ,  s o i l  l o s s  test. Tests employed i n  t h e  l a b  are: 
drop test ,  s e a l i n g  test C5-10, w e t  and d r y  s i ev ing .  
Evaluation of t h e  test r e s u l t s  is done by A)  judgement based on ( l o c a l )  
experience,  B )  judgement p l u s  a ranking system of  t h e  s o i l s  according t o  t h e  
test r e s u l t s ,  and C )  t h e  r e s u l t s  of t h e  s o i l  l o s s  test alone. Resul ts  are 
presented t o  show t h e  agreement between t h e  t h r e e  methods of eva lua t ion ,  f o r  
s o i l s  i n v e s t i g a t e d  i n  S r i  Lanka, t h e  Netherlands and Spain.  
The procedures which have been followed promise t o  b e  e f f e c t i v e  f o r  any s h o r t  
t e r m  i n v e s t i g a t i o n  such as f o r  development p r o j e c t s  and consu l t ing  work. 



.i . 

EXCERF'TS OF FIELD INSTRUCTIGNS ON SOIL ERODIBILITY EVALUATION USING SIMF'LE TE;, 
- INTRODUCTION 

Tesis of e r o d i b i l i t r  are considered here which are  t o  be used i n  surveus o 
erosion hazsrd? znd therefore should be simplei hzve a relztion t o  s o i l  l a c s ?  
and dive the s a w  results when done br  d i f f e ren t  oPerat.ors, 

The followin3 te5t.s are considered: 



L 

o f  3 forest . r  soil e r o d i b i l i t r   ill i nc rease  by,. l oss  of rootinat. aqd o rgan ic  
mat te rs  arid a reduct ion i n  s o i l  l i f e ,  kt,vthe o the r  hand s o i l  e r o d i b i l i r  lnar 
.decrase over the s e a r s  w d e r  ar!nualsg bad t:.ì?e levelapine!.,L o f  a Pavement o-Î 
cozrse r e s i s t i n 2  mater ia l  throu4-i seleckive erosion of the f i n e r  ; . s r t i c l e s+  

T h e  T ILLAGE CaHDITiON i n f luences  khe s o i l  e r o d i b i l i t r  s t ron$l r , :  In _ _  .- 
Indonses ia  it was Pound (Rergsirra l'?i371 t h a t  t h e  lousa t i l l e d / r a d j o l l e d  5b3t.e 
has  a lower e r o d i b i l i t r  than  the  bare  compact s t a h .  The  d i f f e r e n c e  was 
e s t ima ted  a s  one o r  two classes of e r o d i b i l i t r ,  .- ...... - --., 1.1. . 

- DESCRIPTICIN OF THE TEST PROCEDURES 
. . . . .  ... 
. . . . . . . . . . . . . . . . . .  

-- ." 
CRUHF TEST - RATING OF THEË~EHAVICIUR OF A CRUMB THAT IS sU~%ER'GER f i l ' - W d T ~ ~ i ; ~ " '  - -  

The t e s t  is considered t u  give a measure of' t h e  s t ruc tu ra? .  
. . . . . . . .  s t a b i l i t r  of the d r r , s o i l  aga ins t  wettindct and .to give an ind ica t ion  o f - t h e  , 

sens i t i v i t az  t.o sealing b r  wet.t.ioz of  the  d r r  s o i l +  

abcrut 1 cm i n  diatriate?, Submersior: i:. done care+'t.jll%y i n  d i s t i l l e 1 2  water. a r  
T h e  t e s t  is ;.erformed c,n t h r e e  smal l?  a i r -drrP s o i l  c lods  o r  a+!rlr343t..ec: o f  

. wat.er or' comparable cons t an t  n u 3 l i t . r ~  a t  a temPerat.ure of abcut. 26 degrees  C L  
T h e  r e a c t i o n  o f  t.he c lodç  a f t e r  5 - 1'2 min a.¡' immeysion is ra ted  in 4 cls.sz.e,$ 

x x x .  PIHHOLE TEST - A f i e l d  'nrkí i f icat iar i  - RATII?IG THE EFFECT CIF . . .  ' i k i ~ ~ ~ i ' i ? ~  . . .  ' 

TI-1ROUGH A SUIL BALL, 
T h e  t.ez.t is performed on a moulded b a l l  o f  m i i s  a t  st.ick.% pint.+ W&er . .  

conducted t.hrouGh a 1 m m  hole  is col lect .ed i n  s t . ransrarant  P l a s t i c  L?eak.err 
About. 50 cc of wat.er is used! Colnurind of the wzter br  d i s r e r s i v e  c l a r  i n  
scrspenc.ion i.. r a t ed?  and al- the amount of erosion gr' the hole  i n  thE s o i l  
bal9 a f t e r  bre5k.ií-s the. b a l l  open$.. . . . . .  . . .  

"_.. . . . . . . . . . .  - . . . . . .  
. . . .  . . . . .  ._.-, . . . . .  HANIPULATIUN TEST -" A RkTING "UF SOIL COHERENCE 

T h e  rec .ui ts  of t h e  test. in6icat.e the s t , ruc tura l  s k a b i l i t r y  and a r e  dhereflr\rz 
ar: i n d i c a t i o n  (t .ogether with the s t ~ a n g t h  of e::rression 0.f t .orsoi l  st,rccct.i..ireZ 
o f  the ava.i l ibi1it .r  oP mater ia l  f o r  e r a s i o n l .  

p l a s t i c  l i m i t t  i n t o  the m u s t  co!r:rlex fora  poss ib l e  ou% of , a  serie.; .. I of  . de f i f iad  
Th@ t.est c o n s i s t s  oP manipulatrini?, a VolUjne o.F :.oil of 2 up;( cubes a t  

. ~ , .  

- _1 - .- . forms + - 
RAIHFALL ACCEPTANCE TEST 

a f ixed  voluine i n f i l t r a t i o n  tirlie? under s ~ l a ~ h ?  linitiri2 ?onding:, 
T h e  t e s t  mea.wres .the time n e e r i d  f o r  the i? , f i l t ra t . ion wi lhou t  Pandins o f  

24" a r t i f i c i a l  r a in  Ta i l ing  from 30 cm height.i,-.and releqsed under p re s su re  
fi foolj-t in With a diameter WF 10 cnr srid height.. of sbuut 15 cm i s  P r e s s $  

g e n t l y  2 cm deep i n  t h e  ç o i l  surface, IJzter is sprayed frgm. it p l a s t i c  CUP wik.h 
perfarat .ed l i d ?  kept  ups ide  doun? 30 cm above t he  soil s u r f a c e +  Rair? is 
produced br   ress sin': t h  plsstic bottom? and the gust is storped as Eann as 
Funding occurs  Ever t h e  su r face+  Rain ins  iç resuwd as saon ss -IO?: o r  l e s s  . . . .  
of t h e  c .oi l  sur'Pac.a is l e f t  under mt.err  

. . .  
. . .  

SUIL LoSS TEST - SErlIMENT EF.!UDEIc FRO!? fi SqALL ARE;> Ilf CE?TAI!{ STEEF'NESS E'f' A 
CERTAIN RAINFALL 
The amount of sediment eroded From a small i r e a  with def ined st.errnss.5 is 

recordedr A mini - ra inula txr  is u.sedb . . . . . .  . . . . . .  .... .,-. 

TtlE RILLIHG TEST? 3 t e s t  of t h e  s e n s i t i v i t r  of t he  s o i l  surface t o  scour br 

-. . concsnt ra ied  Plow, . .- .. 1 .  

On the wet. surPace of $.he s o i l  105s testy two plss t ic  t r anspa ran t  ru le rs  a r?  
i n s e r t e d  i n t o  the  Lapscil b r  t h e i r  tapered P a r t  till t h i s  p a r t  is i n  the  s o i l .  

Plush with t h e  t r a s ?  i n  ? l ace  t o  c o l l e c t  flow and sed iaen t ,  F ian  t h e  ? i a c i n 3  OC; 
t.he r u l e r s  s o  t h a t  YOU can repea t  the plac;ng four t.imec on t h e  area a f  the t ee  
P l S t ,  

..... --- . .  The spacing of the  rulers i;; 4 cm, The downsloFe end o f  the r u l e r s  ir .?.laced 

. _  . . . . .  



THE SHEAR TEST - t ez t i r i 2  t h e '  r s s i s t anc2  O P  t h  ( m j i s t u r h e d  s o i l  StJrfac? 
&sins t ,  t he  P res s J r s  of torvz.rrs-c. + 

A to rvane  aiParatus, w i t h  b lades  O P  4 cm h i g h  and 2 cni wide? is ;.r*e?sed 2 
dee? i n t o  t.he undis turbed  cur fzce  s o i l  'of  t h e  t.est. ' p lo t .   p hi ch has been uset? 
the  s o i l  l o s s  t e s t  and the r i l l i n 3  t e s t ?  i n  r l acos 'wh ich  have not. been 
d i s t u r b e d +  Ten readings  a r e  &de i n  t h i s  wayl. - 

. . . . . .  . .  . , .. 
- EVALUATION OF RESULTS 

A )  FSED DN JUDGEHENT 
Aspects r e l a t e d  t o  t h e  a v a i l a b i l i t r  of ma te r i a l  and aspec t s  r e l a t e d  to  t:- 

Product ion o f  over land  f locl ' a re  considerzd s e P e r a t e l r 7  and evaliJ&?d, 

r a t i n s  is made us ing  t ' ive c l a s s e s ,  
. . .  . Subsenuent lg  3 judgement is made 2bout t'ne ov-eral l  s o i l  e r v i i h i i i t . r ,  k 

T h i s  Judgement re l ies  e n t i r e l y  on personal  ek re r i ence  and l b c s l  referent.: 
leQ.re!. ,: 

8 )  JUItGEMENT PLUS EANKIi.Ifj S'{:?TE3 
.. I The s.~?me Procedure is fol!z~~er!  7.5 under A hut. i n  a m o r o ' s s s t e e a t i c  !but a l  

2. more aut.omat.ic) W Z Y ,  

k rank.in2 of the s a i l - ,  a x o r d i n s  t o  the t.ez.t resul%.; ic mades f o r  each 
te.:.i Sepf ra t . e l r+  For each  s o i l  t h e  rankr are  summed t'or t:c;o grc.t.Ips o f  Lest.$.: 
t.ho5.e tha t .  r e f l e c t .  +.he a v a i l a b i l i t r  o f  e radab le  mat.erial  and t.hb*&.e t .hat  r e f l s  
the  rrodccct.ion o f  @ ~ r l i ~ d  f l o ! ~ ~  The s o i l  l o s s  t.est is nct. inc iqded+ 

T h e s e  g r g j p s  of t.es.ts s re  f g l l n q i n ~ :  
Te5.t.E. 'abctut a v a i 1 i b i l i t . r  o f  eroiahle malerial; . . . . .  

- crumb test. 
- f i e i d  p inho le  t .est  
- maniprilat.ion t e s t  
- r i l l i n 2  t.est . . .  

- s h e a r  t.est, 
- 6roF t.rt5.L. 

, ,  

Tea tis abau ir. Q v e r 1 a rid Y 1 u i4 P rod IC t. i {XI ; 
Fainfz . l i  2ccePt.Snce i:.fg.t. 

- ov i r l and  f l o w  vulume i n  s o i l  Inss k e s t  . 

For a s o i l  t h e  ranks  for.. t.he:-t?!st.s i n  these t.w 2roui)z. ar'e added, Then t h e  
, s o i l s  a r i  ranked s e r e r a t e l r  f o r  each oP t.he t.wo ranl.:ins ZUIX+ The lowest. of i;! 

r a d i n s  siíms is t.ak.en t.o be i n d i c a t i n 2  the m m t  l i % i t . i n s  s s ~ e c t .  t'or t.he r a i n  
eroz.ioni o r  t.he a v a i l a b l e  rrlakerialy o r  Lhe asroynt OP overland P~aw,,  The s a i i t  
s r e  t.hen ranked aga in  srcorclin2 t o  t h i S  1ctwes.t rank? g i v i n g  the f i n a l  FE.I-I~.+ 

The f i n a l  rank. is c laE.s i f ied  i n  a srstem of 5 s o i l  e r n d i ' o i l i t g  t l a ~ ~ e s . ,  
based on t h e  number o f  s o i l s  divided i n t o  f i v e  eaua l l r  wide rart.s 

' E) THE SUIL LOSS TEST, 
- 1  ine  s o i l  lass t.est incorPora tes  ta s o g e . e x t e n t  311 a s ~ e c k s  o f  soil - , ., . I . .I 

,,.,' e r o d i 5 i l i t . r  f a r  i n t e r r i l l  e r a s i a n ,  Tine r e E u l t s  o f  the  s o i l  1 ~ 5 ~ .  Lest. 
a f e  ranked + The r:-:,.- -,ir..= a r e  krxv;lsi:.ed i n t o  r e l a t i v e  e r o d i b i i i t t ;  c l'..-,=.es 2- - -  .in G ni._ 

ss f o r  aethod F: Cor rec t ions  ina+%e' netez:zar% f u r  t h e .  expected r i l i i b i l i k , r r  bt. 
only i n  ca se  a h i s h  valume of overland f l p ~  is exrect.md, 

- DISCUSSION OF THE i.fETHODt . - . -- . . 



i .  - . . .  _ . . . .  - -  

b j  !?EDUCTION OF DiSÛ2EEMENTS between nethod A!E and C ,  . ._ , . . 
* .  Cont rad ic t ions  i n  the t e s t  resUit.5 mas be r o d w e d  br: 

- improvements of t h e  ranking s~stmr 
- reducing t h e  opera tor  e f fec t ;  on the t e s t  resul ts  and p o s s i b l r  
- r e p e t i t i o n s  of t e s t s  t o  ensure  p r r o r s  a r e  avoided as much a s  P o s s i b l e ,  

.... . . 

c l  The OFERATDR in f luence+  I . -_ ._ _ - -  . _  . - _ , _  
A micro r a i n f a l l  s imula tor  is  i n  development s ince  1934 (K2m~hors t  and 

Etergsma9 19851 t o  produce a more s t anda rd i sed  r a i n f a l l  as i n  t h s  f i 2 l d t e s t  O P  
I -. ._ - c o i l  l o s s ,  I t  save a s  P rov i s iona l  r e s u l t s  t.hat fdoodr operz lors  j n - t h e  j ess  _,_ 

s t anda rd i sed  method C do n o t  i n f luence  s i 9 n i f i c a n t l r  the resu l t s  at' t h a t  t es t ,  

dS The RELATIVE IHPORTANCE OF the t e s t s ,  ,.I .. . .. " - ._ . 
Cer ta in ly  a f u r t h e r  st .udr is needed about the RELATilJE IHF'ORTANCE of 

e r o i i b i l i t . r  asPects9 t u  deternine l,rhich e rod ib i l i t r  aspects  a re  dominant i n  
cert.airr cas.ez + 

e )  A t en ta t . ive  CORRELATION WITH K-irkLUES mag be obtained b r  e a u a l l i n s  the  f i v e  
r e l a t i v e  erodibi1it :d c l a s s e c  with 5 eaual P8rt.s o f  the  usual ran22 of K - v a l u e ~ ~  
being 0,OO - 0 + 7  

. . . . . , . . . . 
. . , - ,  ~,,.. . f ) Evaluat ion of' serisi tivitr ta R I L L  EROSION, 

To some degree t.he t e s t s  cari a l s o  Predict. the condit . ions 'chat. w i l l  lead ,Lo 
r i l l  formation? being a Process l a r g e l r  determined br  t he  amount of over land  
floi.47 the s t e e m e s s  of t h e  s$oPe and t he  ProPert . ies of t.he ma te r i a l ,  -Several  
t.est.s have a bear ing on t h e  snrourit o f  overland flow Lhat cari be expec ted+ .Thew 
t e s t s  are: . .. . . . . . , . , . "  .. .. - I_ 

- f i e l d  Finhole  t e5 - t  .- . . . . .. .... ..I ..._, ....~. I. ". ~ -- 
- t.he i nc rease  i n  i n f i l t r a t i o n  time dur ing  t h e  r a i n f a l l  õccwtance test* 
- overland flow tialume i n  soil l o s s  test. 
- r i l l i n 2  test 
- siiear t.est. _-  

I n  order t a  prrdict .  r i l l  e ros ion  the  tests r e s u l t s  have t o  be cmbined  wit . í?  
in format ion  about  t he  genera l  si t e ?  such a ; t eemess?  á l w e  l'orm--a!d -.dr8ir1$,% 
c o n d i t i o n +  Conver9ence o r  divergence of f lmi  l ineç f o r  sur face  or  subsurface 
fIoWp and the  accumulation af moisture  on concave farms (nueu ef fec t .  o? 
Zaslavski )  mar p lar a ro,ler . - .-.- . .... " .,, .. . 

The p a t e n t i s 1  f o r  r i l l ,  e r a s ion  h x a r d  'i5 r&re~en<ed Cml j i t i ons  W F ~ ~ ~  . , , 

.- . absence of P l a n t  cover and conse ïva t ion  Pract. ices,  IR t h e  , p re~ .epce  of  ?l"aqt,t..-- 
cover-and./or p r a c t i c e s  t h e  actual r i l l  e r a s i o n  hazard w i l l  he much ,.lower,- _. 

,,,,>, . .. .., ,,, 5e lec t ed  REFERENCES (see also  d e t a i l e d  f i e l d  i n s t r u c t i o n s ?  ob ta inab le  

_- . . .  . - .  . . ... - - .. . on remest)  + . .  
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