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1. Land Degradation Paradigm  
 
Land resource  degradat ion  i s  cons idered  to  be  one  of  the  major  
threa ts  to  food secur i ty  and  na tura l  resource  conserva t ion  in  the  
Amhara  regional  s ta te .  Hundreds  of  years  of  explo i tve  t radi t ional  
land  use ,  aggravated  by  h igh  human and l ives tock  popula t ion  
dens i ty  lead  to  the  ext rac t ion  of  the  na tura l  capi ta l ,  main ly  through 
farming of  uncul t ivable  s loppy lands  and overexplo i ta t ion  of  s lowly  
renewable  resources .  The  outcome i s  tha t  a  quar te r  of  the  h ighlands  
a re  ser ious ly  e roded,  of  which  15% are  so  ser ious ly  a f fec ted  tha t  i t  
wi l l  be  d i f f icu l t  to  reverse  them to  be  economical ly  product ive  in  
the  near  fu ture  (SCRP,  1996) .  
 
Despi te  the  current  recogni t ion  of  land  degradat ion  as  a  major  
bot t leneck  of  agr icul tura l  product iv i ty  and  na tura l  resources  
management  by  farmers  and  pol icy  makers ,  the  i ssue  of  land 
degradat ion  was  not  cons idered  as  a  top  pr ior i ty  in  the  na t ional  
pol icy  of  pover ty  a l lev ia t ion .  Revers ing  land degradat ion  in  a  shor t  
per iod  requi res  a  s t rong pol icy  suppor t  through increas ing  credi t  
access  to  farming communi t ies  and/or  promot ing  cos t  shar ing  
ar rangements  (Sanchez ,  e t  a l . ,  1997) .  Proposa ls  for  d ivers i ty  of  
technologies  and inves tment  of  t ime and resources  by  a  wide  range  
of  governmenta l  and  non-governmenta l  ins t i tu t ions  to  address  land  
degradat ion  cont inued  to  prove  unsuccessfu l ,  and  so i l  fe r t i l i ty  
dec l ine  in  smal l  sca le  fa rms remained to  be  an  in t rans igent  
problem.  The  rura l  poor  in  the  Amhara  reg ion  are  of ten  t rapped in  
th is  v ic ious  pover ty  cycle  be tween poor  access  to  resources  
(pover ty) ,  land  degradat ion ,  and  lack  of  re levant  knowledge  and/or  
appropr ia te  technologies  to  genera te  adequate  income and 
oppor tuni t ies  to  overcome land  degradat ion .  The  major  knowledge  
gap  i s  associa ted  mainly  wi th  poor  access  to  informat ion  for  
technologies  and market .   There  i s  a  d i rec t  l ink  be tween land 
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degradat ion  and rura l  l ive l ihood through three  pa thways .  F i rs t ly  
dec l ine  in  so i l  fe r t i l i ty  as  a  resu l t  o f  land  degradat ion  decreases  
farm product iv i ty  and income.  As  crop/ l ives tock  product ion  i s  the  
major  source  of  household  income in  the  h ighlands ,  dec l ine  in  so i l  
fe r t i l i ty ,  through nut r ien t  deple t ion  and poor  so i l  water  hold ing  
capaci ty  a f fec ts  the  on-farm income s igni f icant ly .  Secondly  dec l ine  
in  so i l  fe r t i l i ty  a f fec ts  product iv i ty  of  labour ;  a  degraded land 
requi res  much more  labour  per  uni t  a rea  than  a  wel l  managed land .  
Opera t ion  re la ted  to  so i l  and  water  conservat ion  and so i l  fe r t i l i ty  
management  may compete  wi th  of f - farm labour  thereby reduce  an  
of f - farm income of  the  household .  Thi rd ly  land  degradat ion  reduces  
the  underground and above  ground b iodivers i ty  of  the  sys tem,  
which  in  turn ,  a f fec ts  the  b io-chemical  process  of  the  rh izosphere  
and the  vegeta t ion  cover  of  the  land .    
 
In  ear l ie r  days ,  na tura l  fa l lows were  used  to  res tore  so i l  fe r t i l i ty  
mainly  in  the  cerea l -based  h ighlands  of  Wol lo  and Gonder .  How 
ever ,  due  to  increas ing  demand for  land  as  a  resul t  of  popula t ion  
pressure ,  na tura l  fa l lows  wi th  such  a  long  dura t ion  are  no  longer  
v iable  opt ion  of  improving  so i l  fe r t i l i ty .  I t  has  been  recognized  tha t  
na tura l  fa l low requi res  longer  t ime to  achieve  the  requi red  level  of  
so i l  fe r t i l i ty  tha t  can  lead  to  opt imum crop y ie lds .  Shor t  dura t ion  
na tura l  fa l lows are  now becoming more  apprec iable  though shor t -
dura t ion ,  na tura l ,  unmanaged fa l lows normal ly  do  not  mainta in  so i l  
fe r t i l i ty  a t  leve ls  s imi lar  to  those  achieved  under  long-dura t ion  
na tura l  fa l lows (Aweto ,  e t  a l . ,  1997) ,  unless  enr iched  by  fas t  
growing,  N-f ix ing  legumes .  Shor t  dura t ion  improved fa l lows 
cons is t ing  of  p lanted  and managed fas t -growing species  a l low rapid  
replenishment  of  so i l  fe r t i l i ty .  I t  has  the  advantage  of  in  s i tu  
accumula t ion  of  b iomass ,  opt imis ing  nut r ien t  cyc l ing  through 
nut r ien t  pumping f rom subsoi l  layers  and  l i t te r  fa l l s ,  enhancing  so i l  
b io logica l  ac t iv i t ies  and  maximize  use  ef f ic iency  of  minimal  
ex terna l  inputs  (Sanchez  e t  a l ,  1997) .  The  idea l  spec ies  in  the  
improved fa l low sys tems i s ,  therefore ,  fas t  growing,  N 2  f ix ing  and 
ef f ic ien t  a t  nut r ien t  capture  and cycl ing  (Jama,  e t  a l . ,  1998) .  The  
most  common herbaceous  legumes  growing in  pas ture lands  in  the  
upper  cool  h ighlands  of  the  Amhara  reg ion  are  ve tches  and  c lovers ,  
bes ides  the  commonly  grown food legumes  l ike  len t i l s ,  faba  bean,  
and  pea  and grass  pea .  
 
S ince  land  degradat ion  i s  a  complex  phenomena af fec ted  by  
b iophys ica l  and  soc ioeconomic  fac tors ,  i t  became re levant  to  
unders tand  i t s  root  causes ,  b iophys ica l  or  soc io-economic ,  tha t  p lay  
the  major  ro le  in  aggravat ing/ revers ing  the  t rend of  so i l  fe r t i l i ty .  
This  paper  a lso  sugges ts  methods  & approaches  for  enhanced 
in tegra ted  so i l  fe r t i l i ty  management  and  communi ty  par t ic ipa t ion  
towards  sus ta inable  na tura l  resource  management .   
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2.  Understanding the Root  Causes  of  Land Degradation 
 
There  are  mul t ip le  fac tors  tha t  cause  land  degradat ion  a t  shor t  and  
long te rms in  the  reg ion .  The  major  envi ronmenta l  fac tor  tha t  cause   
s igni f icant  so i l  and  nut r ien t  loss  in  a  shor t  per iod  of  t ime i s  water  
e ros ion  fo l lowed by  wind eros ion .  In  Sub Saharan  Afr ica ,  the  major  
agents  of  land  degradat ion  are  water  e ros ion ,  wind eros ion ,  
chemica l  degradat ion  and o thers  tha t  a f fec ted  so i l  loss  by  47 ,  36 ,  
12  and  3 .5  %,  respect ive ly .  Given the  mounta inous  and commonly  
s lopy landscape  of  the  Amhara  region ,  water  e ros ion  i s  expected  to  
be  the  major  envi ronmenta l  agent  a f fec t ing  land  degradat ion .  Most  
of  the  Wol lo  and Shewa h ighlands  became eros ion-prone  due  to  
h igh ra infa l l  in tens i ty  accompanied  by  very  s teeply  farmlands .   
 
Although the  degree  of  so i l  e ros ion  i s  h ighly  re la ted  to  the  
in te rac t ion  of  Wischmeier  fac tors ,  the  type  of  land  use  and  
management  may have  p layed  an  impor tant  ro le  in  the  h ighlands .  
The  cont r ibut ion  of  d i f fe rent  management  fac tors  towards  land  
degradat ion  in  Afr ica  i s  es t imated  to  be  49%,  24%,  14%,  13% and 
2% for  overgraz ing ,  agr icu l tura l  ac t iv i t ies ,  defores ta t ion ,  
overexplo i ta t ion  and indus t r ia l  ac t iv i t ies  (Vanlauwe e t  a l ,  2002) .  
The  l ives tock  sec tor  i s  a  very  impor tant  component  of  the  sys tem 
both  as  an  economic  buffer  in  t imes  of  c rop  fa i lure  and  economic  
cr i s i s  and  as  a  suppor t ive  enterpr i se  for  c rop  product ion .  There  i s  a  
cons iderable  concern ,  however ,  tha t  the  number  of  an imals  per  
household  i s  much h igher  than  the  car ry ing  capaci ty  of  land  
resources .  Overgraz ing  due  to  very  h igh  l ives tock  popula t ion  
dens i ty  in  the  Amhara  region  i s  expected  to  cont r ibute  most  to  land  
degradat ion .  Another  very  impor tant  fac tor  tha t  aggravated  land  
degradat ion  in  the  Eth iopian  h ighlands  i s  defores ta t ion .  The  fores t  
cover  went  down f rom 40% at  the  beginning of  th is  century  to  less  
than  3% a t  present .   Defores ta t ion  acce lera ted  land  degradat ion  in  
many ways .  F i rs t ly  defores ted  land  i s  eas i ly  suscept ib le  to  e ros ion ,  
both  wind and water ,  and  hence  causes  a  cons iderable  nut r ien t  
movement .  Secondly  the  amount  of  l i t te r  tha t  could  have  
cont r ibuted  for  mainta in ing  the  so i l  organic  mat ter  i s  cons iderably  
reduced.  Thi rd ly  defores ta t ion  in  the  h ighlands  caused  lack  of  fue l  
wood,  and  hence  farmers  use  manure  and crop  res idue  as  cooking  
fue l ,  which  o therwise  could  have  been  used  for  so i l  fe r t i l i ty  
rep lenishment .   
 
Overexplo i ta t ion  of  land  resources  wi th  out  re turn ing  the  bas ic  
nut r ien ts  to  the  so i l  i s  a l so  an  impor tant  fac tor  tha t  cont r ibuted  
most  for  so i l  fe r t i l i ty  dec l ine  in  the  region .  For  ins tance  bar ley  i s  
the  s ingle  dominant  c rop  in  the  upper  h ighlands  of  Wol lo .  This  
sys tem has  very  low crop  d ivers i ty  wi th  legume component  of  less  
than  3%.  The  bar ley-dominated  sys tem rece ives  ex terna l  inputs  very  
rare ly  wi th  a  fer t i l izer  ra te  of  less  than  5  kg/ha  (Quinones  e t  a l . ,  
1997) ,  and  the  prac t ice  of  apply ing  th is  l imi ted  amount  of  minera l  
fe r t i l i zer  i s  a  recent  prac t ice .  Data  f rom the  reg ion  on  the  amount  
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of  nut r ien ts  re turned  to  the  so i l  in  compar ison  to  the  nut r ien ts  los t  
through removal  of  c rop  harves t  showed tha t  only  18 ,  60  and 7  % of  
n i t rogen,  phosphorus  and potass ium is  re turned  to  the  so i l ,  
respect ive ly  (Sanchez  e t  a l . ,  1997) .  Hence  there  i s  an  over  
ex t rac t ion  of  nut r ien ts  f rom the  same rh izosphere  for  years  and 
years .  
 
Another  poss ib le  cause  of  land  degradat ion  i s  lack  of  ear ly  
awareness  about  so i l  e ros ion  and so i l  fe r t i l i ty  dec l ine  by  farmers .  
For  ins tance  in  Uganda,  McDonagh,  e t  a l . ,  (2001)  repor ted  that  
when farmers  were  asked to  descr ibe  the i r  indica tors  of  so i l  e ros ion  
they  s ta ted  gul ly / r i l l  format ion ,  exposed  underground rocks ,  land  
s l ides ,  wash  away of  c rops ,  sha l lowing of  so i l s  and  s i l ta t ion  of  the  
so i l .  These  are  so i l  t ra i t s  tha t  appear  in  a  much la te r  s tage  of  so i l  
degradat ion ,  a f te r  the  so i l  organic  mat te r  and  nut r ien ts  of  the  so i l  
a re  removed.  I f  fa rmers  respond to  so i l  e ros ion  a t  th is  s tage ,  the  
probabi l i ty  of  revers ing  the  fer t i l i ty  s ta tus  to  i t s  ear l ie r  va lue  
would  be  d i f f icu l t .  S imi lar ly  fa rmers  indica tors  of  so i l  fe r t i l i ty  
dec l ine  inc lude  s tunted  crops ,  ye l lowing of  c rops ,  weed infes ta t ion ,  
and  change  of  so i l  co lor  to  red  or  Grey ,  t ra i t s  tha t  appear  a t  the  
la te r  phase  of  so i l  fe r t i l i ty  dec l ine .  
 
An impor tant  fac tor  tha t  used  to  a f fec t  land  management  in  Eth iopia  
i s  lack  of  appropr ia te  land pol icy  (Desalegn Rahmeto ,  2003,  
personal  communica t ion) ,  not  only  inappropr ia te  na t ional  pol icy  but  
a l so  absence  of  bylaws tha t  guarantee  communi ty  leve l  
in tervent ions .  I t  could  a lso  be  hard  to  d i f ferent ia te  whether  land  
degradat ion  was  a  consequence  of  poor  resource  management  or  a  
pol icy  in tervent ion ,  and  hence  d i f f icu l t  to  convince  pol icy  makers  
about  the  causa l  fac tors .   Al though there  a re  good reasons  to  
be l ieve  the  appropr ia teness  of  the  current  land  pol icy  of  the  
government  (only  the  r ight  to  use  and t ransfer  to  the i r  ch i ldren) ,  
there  are  convincing  da ta  showing tha t  fa rmers /communi t ies  may 
not  be  wi l l ing  to  inves t  on  the i r  land  for  a  long te rm benef i t s  unless  
they  have  the  ownership  card  (Zeleke ,  2003) .  Technologies  l ike  
p lant ing  t ree  on-farm,  cons t ruc t ion  and maintenance  of  so i l  
conservat ion  measures ,  medium and long te rm fa l lowing and a l ike  
would  suf fer  most .    
  
3.  Towards Integrated Soi l  Fert i l i ty  Management 
 
Tradi t ional ly ,  the major  nutr ient  management  s t ra tegy to  increase 
crop yield and improve soi l  fer t i l i ty  was through appl icat ion of  
mineral  fer t i l izers .  The 0.5 ha demonstrat ion plots  that  have been 
advocated and pract iced by FAO and the minis t ry of  Agricul ture  for  
years  is  one example.   As this  mono-technology approach fai led to  
address  the problem of  soi l  fer t i l i ty  an integrated nutr ient  
management  approach that  sui t  local  biophysical ,  social  and 
economic real i t ies  should be promoted.  Integrated nutr ient  
management  technologies  can be nutr ient  saving,  such as  in  
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control l ing erosion and recycl ing of  crop residues,  manure and other  
biomass,  or  nutr ient  adding,  such as  in  applying mineral  fer t i l izers  
and import ing feed s tuffs  for  l ivestock (Smaling and Braun,  1996) .   
 
The t radi t ional  f ie ld  operat ions in  the highlands that  could be 
character ized by mult iple- t i l lage,  cereal -dominated cropping and 
very few perennial  t ree components  in  the system were very erosive 
for  soi ls  and nutr ients .  Cont inual  farming in  the highlands without  
consider ing conservat ion measures  caused severe land degradat ion in  
the highlands.  FAO study in  Zimbabwe showed that  each hectare  of  
wel l -managed maize growing land lost  10 tones of  soi l  per  hectare .  
Depleted soi ls  commonly reduce payoffs  to  agricul tural  investments  
for  var ious reasons.  Degraded soi ls  rarely  respond to  external  inputs ,  
such as  mineral  fer t i l izers ,  and hence reduce the eff ic iency and 
return of  fer t i l izer  use .  Degraded soi ls  have also very poor  water  
holding capaci ty  par t ly  because of  low soi l  organic  mat ter  content  
that  in  turn reduce the fer t i l izer  use eff ic iency.  Resul ts  f rom the dry 
regions of  Niger ,  Sadore,  showed that  appl icat ion of  fer t i l izer  
increased the mil le t  yield by 71% and also improved the water  use 
eff ic iency by 70% (Bat iono et  a l . ,  1993) .  Hence improved soi l  
fer t i l i ty  enhances the water  use eff ic iency of  crops in  drought  prone 
areas .  Low soi l  organic  mat ter  accompanied by low soi l  water  
content  may also reduce the bio-chemical  act ivi ty  of  the soi l  that  
may affect  the above and below ground biodivers i ty  of  the system. 
Degraded soi ls  have also low vegetat ive cover  that  may accelerate  
fur ther  soi l  loss  and runoff .  In  Andi t  t id ,  the  amount  of  soi l  loss  due 
to  water  erosion was 230 t /ha/year  under  hacked plots .  However ,  i t  
was possible  to  reduce the soi l  loss  to  30 t /ha or  less  under  crop 
covers  or  fa l low grass  lands (SCRP, 1996) .   
 
The effect  of  soi l  fer t i l i ty  decl ine goes beyond nutr ient  and water  
losses .  There are  conviencing resul ts  showing that  the incidence of  
some pests  and disease is  s t rongly associated with decl ine in  soi l  
fer t i l i ty .  Resul ts  f rom the Amhara and Tigrai  region showed that  the 
effect  of  the notor ious parasi t ic  weed,  s t r iga,  on maize and sorghum 
was severe in  nutr ient  depleted soi l  (Esi laba,  e t  a l ,  2000) .  I t  was 
possible  to  decrease the populat ion & the incidence of  s t r iga 
s ignif icant ly  by improving the fer t i l i ty  s ta tus  of  the soi l  through 
appl icat ion of  organic  fer t i l izers .  Similar ly  the incidence of  root  rots  
in  beans,  s tem maggots  in  beans,  take al l  in  barely and wheat  is  
associated with decl ine in  soi l  fer t i l i ty  (Marschner ,  1995) .  The 
posi t ive effect  of  appl icat ion of  organic  and inorganic  fer t i l izer  on 
the res is tance of  the host  crop is  mainly through improving the 
vigorosi ty  of  the plant  a t  the ear ly  phonological  s tages .   
 
Amede et  a l . ,  (2001)  out l ined the need for  a  combinat ion of  measures  
to  reverse the t rend of  soi l  fer t i l i ty  decl ine in  the Afr ican highlands 
as  presented in  the fol lowing sect ion.   
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3.1 Participatory soil  and water conservation measures 
 
Firs t ly ,  i t  i s  fundamenta l  to  minimize  so i l  and  nut r ien t  loss  through 
appl ica t ion  of  sys tem compat ib le  so i l  conserva t ion  measures .  
Research  conducted  in  Andi t  t id  and  Gununo showed tha t  increas ing  
the  vegeta t ion  cover  of  the  so i l  could  decreases  so i l  loss  and runoff  
s igni f icant ly  (SCRP,  1996) .  When a  cropland covered  by  crops  or  
grass lands  i s  compared  to  a  f requent ly  hacked farmland,  run-off  
was  reduced by  about  90  and 100 % and so i l  loss  by  68% 
respect ive ly .  Hence  so i l  nut r ient  loss  and runoff  could  be  
minimized  through increas ing  the  f requency of  c rop  cover ,  
especia l ly  by  those  crops  wi th  mulching  habi t s  and  h igher  leaf  a rea  
index to  minimize  the  ra infa l l  e f fec ts .  Resul t s  f rom SCRP showed 
tha t  perennia l  c rops  l ike  ense t  and  f ru i t  t rees  or  annuals  wi th  
mulching  and runner  habi t s ,  l ike  sweet  pota to ,  could  reduce  eros ion  
ef fec ts  s igni f icant ly .  Recent  s imula t ion  s tudies  in  Nor thern  
Eth iopia  showed tha t  c rop  lands  a l loca ted  for  cerea l  c rops  l ike  te f f  
were  found to  be  very  prone  to  e ros ion  (Woldu,  2002) ,  and  
proposed  tha t  growing smal l  seeded  cerea ls ,  l ike  tef f ,  in  s loppy 
farmlands  should  be  d iscouraged.    
 
Fol lowing the  1984/85 drought ,  there  was  a  huge  campaign in  th is  
par t  of  the  count ry  on  cons t ruc t ing  te r races  in  s loppy lands  for  so i l  
and  water  conservat ion  purposes ,  us ing  the  food for  work  scheme.  
However ,  the  approach  was  top  down and d id  not  par t ic ipa te  the  
loca l  communi ty  dur ing  p lanning and implementa t ion  s tages .  The  
consequence  was  tha t  fa rmers  fa i led  to  main ta in  the  te r races  and  in  
some case  farmers  have  des t royed the  te r races  for  var ious  reasons .  
When farmers  were  asked to  l i s t  the  reasons  for  re jec t ing  so i l  and 
water  conserva t ion  technologies  they  l i s ted  f ive  major  dr iv ing  
forces  (Amede,  2002,  unpubl i shed)  namely ,  h igh  labour  cos t ,  
decrease  in  fa rm s ize ,  i t s  inconvenience  dur ing  farm opera t ions  
especia l ly  for  f ree  movement  of  oxen p lough,  and mul t ip l ica t ion  of  
ra t s  in  the  s tone  bunds .  By cons ider ing  those  farmers  c r i te r ia  and  
by  adopt ing  par t ic ipa tory  p lanning  and implementa t ion  approaches  
fa rmers  have  adopted  and d isseminated  so i l  conserva t ion  
technologies  in  one  the  Afr ican  Highlands  In i t ia t ive  benchmark  
s i tes ,  Areka  (Amede e t  a l ,  2001) .  The  major  dr iv ing  force  for  the  
adopt ion  of  the  technology was  i t s  in tegra t ion  wi th  h igh  va lue  crops  
(e .g .  bananas ,  hops)  and  fas t  growing drought  res is tan t  feeds  (e .g .  
Elephant  grass ,  p igeon pea)  grown on  the  so i l  bunds .   How ever ,  the  
sus ta inable  in tegra t ion  so i l  & water  conserva t ion  technologies  
depend heavi ly  on  the  e f fec t iveness  of  by- laws to  l imi t  f ree  graz ing  
and movement  of  an imals  dur ing  the  dry  spe l l s .  Hence  there  may be  
a  need  to  recons ider  the  loca l  pol icy  so  as  to  fac i l i ta te  the  
in tegra t ion  of  na tura l  resource  management  technologies  to  loca l  
communi t ies .  
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3.2  Integrated Nutr ient  Management 
 
Bui ld ing  the  organic  mat te r  of  the  so i l  and  the  nut r ien t  s tock  in  
shor t  per iod  of  t ime requi res  a  sys tems approach.  These  inc lude  the  
combinat ion  of  judic ious  use  of  minera l  fe r t i l izers ,  improved 
in tegra t ion  of  c rops  and  l ives tock ,  improved organic  res idue  
management  through compost ing  and  appl ica t ion  of  fa rmyard  
manure ,  de l ibera te  c rop  ro ta t ions ,  shor t  te rm fa l lowing,  cerea l -
legume in tercropping and in tegra t ion  of  green  manures .  Because  of  
the  incons is tent  use  of  minera l  fe r t i l izers  and the  very  l imi ted  
re turns  of  c rop  res idues  to  the  so i l ,  most  of  the  in terna l  N cyc l ing  
in  smal l  holder  sys tems resul t s  f rom minera l iza t ion  of  so i l  o rganic  
N.   Such process  may cont r ibute  most  of  the  N for  the  annual  c rops  
unt i l  the  lab i le  so i l  organic  f rac t ion  (N-capi ta l )  a re  deple ted  
(Sanchez  e t  a l . ,  1997) .  
 
Apar t  f rom the  occas ional  appl ica t ion  of  smal l  amounts  of  minera l  
fe r t i l i sers ,  a l l  the  o ther  organic  resources  form the  pr inc ipa l  means  
of  increas ing  so i l  nut r ien t  s tocks  and hence  so i l  fe r t i l i ty  res torers  
in   smal l -sca le  fa rms.  I f  these  approaches  are  used  in  combinat ion  
and  appropr ia te ly ,  they  could  reverse  the  t rend and consequent ly  
increase  crop  y ie lds  and ,  thereby a l lev ia te  food insecur i ty .  
However ,  the  cont inued low yie lds  are  an  indica t ion  of  insuff ic ient  
inputs  and/or  inappropr ia te  use  of  these  technologies .  The  major i ty  
of  the  smal l -sca le  farmers  are  s t i l l  aggravat ing  the  so i l /p lant  
nut r ien t  def ic i t  th rough improper  land  management  and  over-
explo i ta t ion  of  the  nut r ien t  pool .   However ,  there  i s  s t i l l  an  
oppor tuni ty  to  replenish  the  so i l  nut r ien t  pool  us ing  in tegra ted  
approaches  depending on  the  degree  of  so i l  degradat ion ,  the  
product ion  sys tem and the  type  of  nut r ien t  in  def ic i t .  
 
One  potent ia l  source  of  organic  fe r t i l izer  i s  fa rmyard  manure .  There  
i s  a  la rge  number  of  l ives tock  in  the  Amhara  region  tha t  could  
produce  a  cons iderable  amount  of  manure  to  be  used  for  so i l  
fe r t i l i ty  rep lenishment .  However ,  there  i s  a  s t rong compet i t ion  for  
manure  use  be tween so i l  fe r t i l i ty  and  i t s  use  as  a  cooking  fue l .   
Recent  survey in  the  upper  cent ra l  h ighlands  of  Eth iopia  showed 
tha t  more  than  80% of  the  manure  i s  used  as  a  source  of  fue l .  Only  
farmers  wi th  access  to  fue l  wood could  apply  manure  for  so i l  
fe r t i l i ty  replenishment .  Exper iences  f rom Zimbabwe showed tha t  
most  manures  had  very  low nut r ien t  content ,  N fer t l izer  equiva lency  
va lues  of  less  than  30%,  somet imes  wi th  h igh  in i t ia l  qua l i ty  tha t  
d id  not  expla in  the  qual i ty  of  the  manure  a t  t imes  of  use  (Murwira  
e t  a l . ,  2002) .  This  could  be  expla ined  by  the  fac t  tha t  most  manures  
were  not  composed of  pure  dung but  ra ther  a  mixture  of  dung and 
crop  res idues  f rom the  s ta l l .  Bes ides  the  qual i ty  the  quant i ty  of  
manure  produced on-farm is  l imi ted .  Sandford  (1989)  indica ted  tha t  
to  produce  suf f ic ien t  manure  for  sus ta inable  product ion  of  1-3 
tonnes /ha  of  maize  i t  requi res  10-40 ha  of  dry  season graz ing  land 
and  3  to  10  of  wet  season  Range  land ,  which  i s  beyond the  
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access ib i l i ty  of  Eth iopian  farmers  due  to  land  shor tage .   Moreover ,  
the  potent ia l  of  manure  to  sus ta in  so i l  fe r t i l i ty  s ta tus  and  
product iv i ty  of  c rops  i s  a f fec ted  by  number  and composi t ion  of  
an imals ,  s ize  and  qual i ty  of  the  feed  resources  and  manure  
management .  Wet  season manure  has  a  h igher  nut r ien t  content  than  
dry  season manure ,  and  p i t  manure  has  a  be t te r  qua l i ty  than  p i l led  
manure .  S imi lar ly ,  Powel l  (1986)  indica ted  tha t  dry  season manure  
had  N-content  of  6  g /kg  compared  wi th  18 .9  g /kg  for  ear ly  ra iny  
season manure  when the  feed  qual i ty  i s  h igh .   
 
Another  potent ia l  organic  source  i s  c rop  res idue .  Return ing  crop  
res idue  to  the  so i l ,  espec ia l ly  of  legume or ig in ,  could  replenish  so i l  
nut r ien ts  l ike  n i t rogen.  However ,  there  i s  s t rong t radeoff  for  use  of  
c rop  res idue  be tween so i l  fe r t i l i ty ,  an imal  feed  and cooking  fue l .  In  
the  upper  Eth iopian  h ighlands  crop  res idues  are  used  as  a  major  
source  for  dry  season feed  and supplementary  for  wet  season feed.  
Hence  l i t t l e  i s  remain ing  as  a  c rop  af te rmath  to  the  so i l .  Al though 
legumes  are  known to  add  n i t rogen & improve  so i l  fe r t i l i ty ,  the  
f requency of  legumes  in  the  crop  sequence  in  the  upper  h ighlands  i s  
less  than  10%,  which  impl ies  tha t  the  probabi l i ty  of  growing 
legume on  the  same land  i s  once  in  ten  years .  The  most  re l iab le  
opt ion  to  replenish  so i l  fe r t i l i ty  i s ,  therefore ,  promot ing  in tegra t ion  
of  mul t ipurpose  legumes  in to  the  farming sys tems.  Those  legumes ,  
espec ia l ly  those  refereed  as  legume cover  c rops ,  could  produce  up  
to  10  ton/ha  dry  mat te r  wi th in  four  months ,  and  are  a l so  f ix ing  up  
to  120 kg  N per  season (Gi l le r ,  2002) .  Those  h igh  qual i ty  legumes  
adapted  to  the  Eth iopian  h ighlands  inc lude  tephros ia ,  mucuna ,  
c ro ta lar ia ,  canaval ia ,  and  ve tch  (Amede & Kirkby,  2002) .  However ,  
despi te  a  s igni f icant  a f te r  e f fec t  of  LCCs on  the  preceeding  maize  
y ie ld  (up  to  500% yie ld  ga in  over  the  loca l  management)  fa rmers  
were  re luc tant  to  adopt  the  legume technology because  of  t rade-off  
e f fec ts  for  food,  feed  and  so i l  fe r t i l i ty  purposes  (Amede,  
unpubl i shed  da ta ,  2002) .  In  an  a t tempt  to  unders tand fac tors  
a f fec t ing  in tegra t ion  of  so i l  improving  legumes  in  to  the  fa rming 
sys tems of  southern  Eth iopia ,  Amede & Kirkby (2002)  ident i f ied  
the  most  impor tant  soc io-economic  cr i te r ia  of  fa rmers  namely ,  land 
product iv i ty ,  fa rm s ize ,  land  ownership ,  access  to  market  and  need  
for  l ives tock  feed .  By cons ider ing  the  dec is ion-making cr i te r ia  of  
fa rmers  on  which  legumes  to  in tegra te  in to  the i r  tempora l  & spa t ia l  
n iches  of  the  sys tem,  i t  was  poss ib le  to  in tegra te  the  technology to  
about  10% of  the  par tner  fa rmers  in  southern  Eth iopia .  
 
Al though most  fa rmers  a re  convinced  of  us ing  farm-based organic  
fe r t i l i se rs ,  they  are  cha l lenged by  ques t ions  l ike  which  organic  
res idue  i s  good for  so i l  fe r t i l i ty ,  on  how to  ident i fy  the  qual i ty  of  
organic  resource ,  how much to  apply ,  when to  apply ,  and  what  
should  be  the  ra t io  of  organics  to  minera l  fe r t i l i se rs .  This  ca l l s  for  
development  of  dec is ion  suppor t  guides  to  suppor t  fa rmers’  
dec is ion  on  resource  a l loca t ion  and management .  Sc ient i s t s  f rom 
Tropica l  Soi l s  Bio logy and Fer t i l i ty  Ins t i tu te  of  CIAT developed 
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dec is ion  guide  to  ident i fy  the  qual i ty  of  organic  fe r t i l i sers  based  on  
the  polyphenol ,  l ign in  and nut r ien t  content  as  potent ia l  indica tors  
(Palm e t  a l . ,  1997) .  As  those  parameters  demand labora tory  
fac i l i t ies  and  in tens ive  knowledge ,  Gi l le r  (2000)  s impl i f ied  the  
guide  by  t rans la t ing  i t  to  loca l  knowledge  as  h ighly  as t r igent  tes t  
(h igh  polyphenol  content ) ,  f ibrous  leaves  and s tems (h igh  l ignin  
content )  and green  leaf  co lour  (h igh  N content )  to  make the  guides  
usable  to  fa rmers .   
 
There  i s  an  increas ing  t rend  of  minera l  fe r t i l izer  use  in  the  
Eth iopian  h ighlands  over  the  pas t  decades ,  as  fe r t i l izer  impor ts  in to  
the  count ry  have  increased  f rom 47000 tonnes  N & P in  1993 to  137 
000 tones  in  1996 (Quinones  e t  a l . ,  1997)  as  a  resu l t  o f  a  s t rong 
campaign of  Sasakawa-Global  2000 in  co l labora t ion  wi th  the  Buro  
of  Agr icul ture .  However ,  there  i s  a  dec l in ing  t rend in  fer t i l i sers  use  
in  2001/2002 due  to  increas ing  cos t  of  fe r t i l izers ,  lack  of  c redi t  
oppor tuni t ies  to  resource  poor  fa rmers  and  low income re turn  due  to  
market  problems.   
 
Organic  resources  may provide  mul t ip le  benef i t s  through improving  
the  s t ruc ture  of  the  so i l ,  so i l  water  hold ing  capaci ty ,  b io logica l  
ac t iv i ty  of  the  so i l  and  extended nut r ien t  re lease ,  bu t  i t  could  be  
unwise  to  expect  the  organics  to  fu l f i l  the  p lant  demand for  a l l  
bas ic  nut r ien ts .  Most  organic  fer t i l izers  conta in  very  smal l  
quant i t ies  of  some nut r ien ts  (e .g .  P  and  Zn)  to  cover  the  fu l l  
demand of  the  c rop ,  and  hence  minera l  fe r t i l i se r  should  supplement  
i t .  Combined appl ica t ion  of  organic  fer t i l izers  wi th  smal l  amount  of  
minera l  fe r t i l izers  was  found to  be  promis ing  route  to  improve  the  
e f f ic iency  of  minera l  fe r t i l izers  in  smal l  holder  fa rms.  For  ins tance ,  
Nziguheba  e t  a l . ,  (2002)  indica ted  tha t  organic  resources  enhanced 
the  ava i lab i l i ty  of  P  by  a  var ie ty  of  mechanisms,  inc luding  b locking  
of  P-sorp t ion  s i tes  and  prevent ion  of  P  f ixa t ion  by  s t imula t ion  of  
the  microbia l  P  uptake .  Long te rm t r ia l s  conducted  in  Kenya  on  
organic  and  minera l  fe r t i l i se r  in te rac t ion  a lso  showed tha t  maize  
gra in  y ie ld  was  cons is tent ly  h igher  for  20  years  in  p lo ts  fer t i l i sed  
wi th  minera l  NP combined wi th  fa rmyard  manure  than  p lo ts  wi th  
so le  minera l  NP or  fa rmyard  manure  (S .M Nandwa,  KARI,  
unpubl i shed  da ta  1997) .   
 
4.  Systems Approach for  INRM 
 
Sus ta inable  rura l  development  and  na tura l  resource  management  in  
the  reg ion  demands  an  inves tment  in  and  improvement  of  the  
na tura l  capi ta l ,  human capi ta l  and  soc ia l  capi ta l .  As  the  na tura l  
capi ta l  in  the  reg ion  had  mul t ip le  problems tha t  needs  mul t ip le  
so lu t ions ,  there  i s  a  s t rong need  for  hol i s t ic  approach to  de l iver  
opt ions  for  c l ien ts  of  var ious  soc io-economic  ca tegory .   
 
Given  the  complexi ty  of  the  problem of  land  degradat ion ,  and  i t s  
l ink  to  soc ia l ,  economical  and  pol icy  d imensions ,  i t  requi res  a  
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comprehens ive  approach tha t  combines  loca l  and  sc ient i f ic  
knowledge  through communi ty  par t ic ipa t ion ,  capaci ty  bui ld ing  of  
the  loca l  ac tors  through farmers  par t ic ipa tory  research  and 
enhanced farmer  innovat ion .  This  approach requi res  the  fu l l  
involvement  of  s takeholder  a t  d i f ferent  leve ls  to  fac i l i ta te  and 
in tegra te  soc ia l ,  b iophys ica l  and  pol icy  components  towards  an  
improved na tura l  resource  management  and sus ta inable  l ive l ihoods  
(S t roud,  2001) .  Watershed  management  as  a  uni t  of  p lanning  and 
change  imposes  the  need  for  increased  a t ten t ion  to  i ssues  of  
resource  conserva t ion  and col lec t ive  ac t ion  by  the  communi ty .  The  
i ssues  of  land  degradat ion  may inc lude  af fors ta t ion  of  h i l l s ides ,  
water  rehabi l i ta t ion  and/or  harves t ing  and so i l  s tab i l iza t ion ,  so i l  
fe r t i l i ty  amendment  through organic  and minera l  fe r t i l izers  and  
increas ing  vegeta t ion  cover  by  sys temat ic  use  of  the  exis t ing  land 
and water  resources .  This  could  be  achieved by  working  c lose ly 
wi th  communi t ies  and pol icy  implementers  in  ident i fy ing  and 
implement ing  poss ib le  so lu t ions  to  address  land  degradat ion  and 
o ther  common landscape  problems,  l ike  graz ing  land  improvement ,  
gul ly  s tab i l iza t ion  and by  moni tor ing  and document ing  the  
processes  for  wider  d isseminat ion  and coverage .   
 
Some of  the  watershed  conserva t ion  re la ted  so lu t ions  should  be  
t r ied  and implemented  on  speci f ic  tes t  loca t ions  us ing  farmers’  own 
cont r ibut ion  and the  INRM team’s  technica l  supervis ion .  However ,  
a  wider  appl ica t ion  of  these  so lu t ions  to  la rger  a reas  may requi re  
a t t rac t ing  addi t ional  funding  inves tments  f rom the  d is t r ic t ,  donors  
or  o ther  NGOs in  the  area .  The  loca l  v i l lage  communi t ies  may a lso  
ef fec t  changes  in  the  norms and ru les  governing  the  use  of  na tura l  
resources  in  the i r  v ic in i ty .  Tradi t iona l  ru les  and  loca l  by- laws  (e .g .  
wr i t ten  and unwri t ten  and ca l led  “afarsa ta”  or  awatcheyache)  
regarding  the  use  and shar ing  of  resources  exis t  in  most  v i l lages  
and  these  need  to  be  ident i f ied  and  s tudied  wi th  a  v iew to  e f fec t  
re form or  renew the i r  emphas is  in  the  communi ty .  In tegra t ion  of  
Agrofores t ry  technologies  in  the  farming sys tems of  the  Eth iopian  
h ighlands  fa i led  because  of  absence  of  na t ional  and/or  loca l  
po l ic ies  /by- laws  tha t  prohib i t  f ree  graz ing  and movement  of  
an imals  in  the  dry  season.  Exper iences  f rom the  1980s  campaign of  
‘Green  Campaign’  in  Eth iopia  a lso  showed tha t  i t  i s  a lmost  
imposs ib le  to  address  the  i ssue  of  land  degradat ion  wi thout  the  fu l l  
involvement  and  commitment  of  the  loca l  communi ty .  The  loca l  by-
laws  in  resource  ar rangement  and  use  should  be  fac i l i ta ted  and  
suppor ted ,  as  the  ru les  and  regula t ions  a t  the  loca l  leve l  could  be  
implemented  ef fec t ive ly  through e lders  and  respected  members  of  
the  communi ty  wi th  to lerance  and respect .  There  may be  a  church  
and/or  wi tchcraf t  d imensions  to  these ,  and  there  may be  changes  
over  t ime tha t  might  he lp  to  unders tand why people  are  doing what  
they  are  doing .  In  addi t ion ,  the  inf luence  of  na t ional  and  regional  
pol ic ies  on  loca l  resource  management  should  be  unders tood.  These  
wi l l  form an  impor tant  subjec t  of  communi ty  wide  d iscuss ion  and 
de l ibera t ion  (St roud,  2001) .   
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