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1.0 EXECUTIVE SUMMARY 

Upon i t s  independence  i n  1977,  t h e  R e p u b l i c  o f  D j i b o u t i  
( F i g u r e  1 )  found it n e c e s s a r y  t o  have  a n  i n d e p e n d e n t  
a g r i c u l t u r a l  c a p a b i l i t y  and e n t e r e d  i n t o  a n  agreement  i n  1979 
w i t h  t h e  u n i t e d  S t a t e s  o f  America t o  assess n a t i o n a l  a g r i c u l t u r a l  
and  w a t e r  p o t e n t i a l .  A S o i l s  and Water L a b o r a t o r y  w a s  
e s t a b l i s h e d  t o  i d e n t i f y ,  locate and e v a l u a t e  s u i t a b l e  
a g r i c u l t u r a l  a r e a s .  

An American s p e c i a l i s t ,  D r .  J o s e p h  E .  Goebel of  Resources  
Development Associates, w i t h  M r .  Aboubaker Douale and M r .  F a r a h  
O m a r  o f  A g r i c u l t u r a l  S e r v i c e ,  D j i b o u t i ,  e s t a b l i s h e d  a soi ls  and 
w a t e r  t e s t i n g  l a n b o r a t o r y  i n  G E N I E  R u r a l  o f  t h e  M i n i s t r y  o f  
A g r i c u l t u r e  t o  i n v e n t o r y  and e v a l u a t e  t h e  c o u n t r y ' s  soi ls  and 
t e s t  f o r  f e r t i l i t y  and  water q u a l i t y .  They a l s o  e v a l u a t e d  t h e  
r e s u l t s  o f  t h e i r  s t u d i e s  from 1980 t o  1982 t o  d e t e r m i n e  where  and 
which t e c h n i q u e s  would b e  a p p l i e d  t o  d e v e l o p  t h e  a g r i c u l t u r a l  _--- *---- p o t e n t i a l .  -- - 

6 

A s o i l  s u r v e y  o f  t h e  e n t i r e  c o u n t r y  r e s u l t e d  i n  55 soi ls  
i d e n t i f i e d  and l o c a t e d  o n  maps o f  1 :25 ,000 s c a l e ,  1:100,000 
scale, 1:300,000 s c a l e  and 1:500,000 scale. These  maps s h w  t h e  
l o c a t i o n  o f  so i ls  s u i t a b l e  f o r  i r r i g a t e d  a g r i c u l t u r e ,  r a i n f e d  
a g r i c u l t u r e ,  r ange  and wa te r shed .  The S o i l s  and Water L a b o r a t o r y  
h a s  been  i n s t a l l e d  w i t h + & I A  t h e  equipment  n e c e s s a r y  t o  conduc t  
t e s t s  f o r  s o i l  f e r t i l i t y  and management a s  w e l l  as tests for 
w a t e r  q u a l i t y .  

The r e s u l t  o f  t h i s  e f f o r t  i s  t h e  i d e n t i f i c a t i o n  of a 
s i g n i f i c a n t  a g r i c u l t u r a l  r e s o u r c e  c a p a b l e  o f  s u p p l y i n g  a l a r g e  
p o r t i o n  o f  t h e  c o u n t r y ' s  a g r i c u l t u r a l  needs.  S u i t a b l e  so i ls  and 
good q u a l i t y  water a r e  a s s o c i a t e d  w i t h  t h e  wadis .  T h e r e f o r e ,  
f a rming  w i l l  be wide ly  d i s t r i b u t e d  and r a i n f a l l  dependent .  The 
i n f o r m a t i o n  c o l l e c t e d  i n  t h i s  p r o j e c t  s h o u l d  p e r m i t  t h e  R e p u b l i c  
o f  D j i b o u t i  t o  i n i t i a t e  and d e v e l o p  n a t i o n a l  a g r i c u l t u r a l  
o b j e c t i v e  and p o l i c y  t o  r e a c h  a g r i c u l t u r a l  s e l f - s u f f i c i e n c y .  
Pho tos  # l  t h r o u g h  #6 i l l u s t r a t e  t h e  p r e s e n t  s t a t u s  o f  a g r i c u l t u r e  
i n  D j i b o u t i .  

1.1 P r o j e c t  Goa l s  

The g o a l  o f  t h i s  p r o j e c t  i s  t o  expand D j i b o u t i a n  
a g r i c u l t u r a l  p r o d u c t i o n  th rough  i r r i g a t e d  g a r d e n s  t o  t h e  l e v e l  
t h a t  t h e  c o u n t r y  c a n  r e a l i z e  impor t  s u b s t i t u t i o n ,  p r i m a r i l y  i n  
v e g e t a b l e s  and f r u i t s .  T h i s  g o a l  p r o b a b l y  c a n n o t  be a c h i e v e d  i n  
i t s  e n t i r e t y  i n  less t h a n  twen ty  y e a r s .  

A t  i s s u e  are t h e  economics o f  d e v e l o p i n g  a n  a g r i c u l t u r a l  
base i n  D j i b o u t i .  T h i s  p r o j e c t  w i l l  s e r v e  t o  p r o v i d e  a d a t a  base 
f o r  dec is ion-makers .  However, i n  t h e  u l t i m a t e  a n a l y s i s ,  it i s  
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Photo # 1 :  Dates a r e  one o f  D j i b o u t i ' s  o l d e s t  and most 
success fu l  c rops 

Photo #2: Gardens l i k e  t h i s  show a g r i c u l t u r e  i s  a l r eady  
e s t a b l i s h e d  i n  D j i b o u t i  

Photo # 3 :  T h i s  i s  t he  channel f o r  t he  Houmbouli Wadi. I t  
moved t o  t h i s  l o c a t i o n  exposing t h i s  o l d  i r r i g a t i o n  
w e l l .  The water  i n  t h i s  channel i s  low i n  s a l t ,  
and shou ld  be taken t o  t he  nearby Houinbou l i gardens 



Photo # 4 :  We see mangoes, da tes ,  oranges, lemons, and guava 
w e l l  es tab l i shed .  The f i e l d  w i l l  be p l a n t e d  t o  
tomatoes, ok ra  and eggp lan t  

Photo #5: Th i s  i s  a  t y p i c a l  wadi channel t h a t  soaks up f l o o d  
wate r  q u i c k l y .  Flow i s  r e t a r d e d  by the  n a t u r a l  dam 
i n  the  cen te r  o f  t he  photograph 

Photo #6: P i c t u r e d  i s  a  w e l l  t h a t  has been developed i n  a  wadi 
channel t o  p r o v i d e  wate r  f o r  a new garden 



n o t  s o i l s  n o r  n e c e s s a r i l y  even  w a t e r ,  t h a t  w i l l  p rove  t h e  
l i m i t i n g  f a c t o r ,  b u t  ra ther  t he  i n v e s t m e n t  c o s t s  v e r s u s  t h e  
r e t u r n s .  A g r i c u l t u r e  c a n  be c a p i t a l - i n t e n s i v e  and p r e s e n t l y  t h e  
r e t u r n  worldwide i s  l o w  on  t h a t  i n v e s t m e n t .  

1 . 2  P r o j e c t  P u r p o s e  

T h e  o v e r a l l  p u r p o s e  o f  t h e  S o i l s  a n d  Water 
L a b o r a t o r y  p r o j e c t  i s  t o  i n s t i t u t i o n a l i z e  the  c a p a c i t y  t o  (1) 
a n a l y z e  ground a n d  s u r f a c e  water q u a l i t y  as  w e l l  as  compi le ,  
c a t a l o g u e  and  d i s s e m i n a t e  h y d r o l o g i c a l  i n f o r m a t i o n ,  and  ( 2 )  
c l a s s i f y  soi ls ,  p r e p a r e  so i l s  maps and p r o v i d e  e v a l u a t i o n s  
c o n c e r n i n g  t h e - p r o p e r  u t i l i z a t i o n  o f  soils w i t h i n  the  MADR. 

I n  p r a c t i c a l  terms, f a r m e r s  c a n  be a d v i s e d  o n  so i l  
t r e a t m e n t s  t o  o b t a i n  s u s t a i n a b l e  y i e l d s .  Achievement o f  t h i s  
p r o j e c t  p u r p o s e  s h o u l d  impac t  on  t h e  sector g o a l  of  d e v e l o p i n g  a n  
i n f o r m a t i o n  b a s e  f o r  u s e  by t h e  GROD i n  n a t i o n a l  a g r i c u l t u r a l  
p l a n n i n g  and  i t s  d i s s e m i n a t i o n  t o  f a r m e r s  th rough  a n  a g r i c u l t u r a l  
e x t e n s i o n  s e r v i c e .  

Now, a t  t h e  end  of  t he  p r o j e c t ,  the  s t a f f  o f  t h e  Water  
and  S o i l s  Labora to ry :  

p o s s e s s e s  equipment  and  t e c h n i c a l  e x p e r t i s e  t o  
i n d e p e n d e n t l y  a n a l y z e  a l l  w a t e r  and  soils t y p e s  i n  
D j i b o u t i ;  has n e c e s s a r y  d a t a  upon which t o  b a s e  
recommendat ions f o r  w a t e r  and  s o i l  u s e  f o r  c r o p  
p r o d u c t i o n  a n d  p r o v i d e  g u i d a n c e  f o r  s u b s e q u e n t  
s o i l s  and  w a t e r  r e s o u r c e  a n a l y s e s  i n  t h e  f i e l d ;  
has u n d e r t a k e n  a s o i l  i n v e n t o r y  and deve loped  a 
l a n d  c l a s s i f i c a t i o n  sys t em i n  s e l e c t e d  p r i o r i t y  
areas. 

The i m m e d i a t e  t a r g e t  i s  a D j i b o u t i a n  i n f r a s t r u c t u r e  
c a p a b l e  of a d d r e s s i n g  t h e  needs  of  p r e s e n t  and f u t u r e  D j i b o u t i a n  
f a rmers .  While  t h i s  p r o j e c t  w i l l  n o t  have  a d i r e c t  impact  i n  and  
o f  i t s e l f ,  it w i l l ,  c o u p l e d  w i t h  water d a t a  f u r n i s h e d  by a n o t h e r  
donor ,  p r o v i d e  a s o l i d  base upon which the  Government o f  t he  
R e p u b l i c  o f  D j i b o u t i  c a n  make r a t i o n a l  and p o s i t i v e  d e c i s i o n s  
r e g a r d i n g  d i v e r s i f i c a t i o n  i n t o  t h e  a g r i c u l t u r a l  sector. More 
i m p o r t a n t l y ,  it w i l l  a l l o w  t h e  government t o  r e a p  maximum b e n e f i t  
from any i n v e s t m e n t  i n t o  t h e  a g r i c u l t u r a l  sector. 

1 . 4  P r o j e c t  S c h e d u l e  and  P r o g r e s s  

The Government o f  t h e  R e p u b l i c  o f  D j i b o u t i  r e q u e s t e d  
a s s i s t a n c e  from t h e  U .  S. i n  d e t e r m i n i n g  i t s  long-term p o t e n t i a l  
f o r  a g r i c u l t u r a l  development .  By a n a l y z i n g  d a t a  on  soils and 
water r e s o u r c e s ,  D j i b o u t i a n  o f f i c i a l s  are a b l e  t o  make r a t i o n a l  



economic d e c i s i o n s  r e g a r d i n g  D j i b o u t i  ' s  f u t u r e  development  i n  
f o o d  p r o d u c t i o n .  

I n  J a n u a r y ,  1979, t h e  t w o  governments  e n t e r e d  i n t o  a n  
agreement .  I n  A p r i l ,  t h e  s c o p e  was l i m i t e d  t o  s o i l  s u r v e y  and 
l a b o r a t o r y  e s t a b l i s h m e n t .  West Germany o f f e r e d  t o  e v a l u a t e  t h e  
h y d r o g e o l o g i c  c a p a b i l i t i e s .  I n  Februa ry ,  1980, a b u i l d i n g  was 
c o n s t r u c t e d  by t h e  Government of D j i b o u t i  t o  h o u s e  t h e  
l a b o r a t o r y .  I n  March, t h e  i n i t i a l  equipment  a r r i v e d .  I n  J u l y ,  
1980,  t e c h n i c a l  a s s i s t a n c e  from Resources  Development A s s o c i a t e s  
a r r i v e d  and t h e  A g r i c u l t u r a l  S e r v i c e  a s s i g n e d  a d e g r e e - t r a i n e d  
p e d o l o g i s t ,  M r .  Aboubaker Douale,  f o r  t r a i n i n g  a s  a c o u n t e r p a r t .  
I n  August ,  a d d i t i o n a l  equipment  and s u p p l i e s  were o r d e r e d  and  t h e  
l a y o u t  f o r  t h e  l a b o r a t o r y  f a c i l i t i e s  were drawn up. Dur ing  
c o n s t r u c t i o n ,  work began on t h e  s o i l  s u r v e y .  I n  October, t h e  
A g r i c u l t u r a l  S e r v i c e  a s s i g n e d  M r .  Fa rah  Omar t o  a s s i s t  w i t h  t h e  
e f f o r t .  F i e l d  work and map c o m p i l a t i o n  c o n t i n u e d  u n t i l  t h e  
c o n s t r u c t i o n  o f  t h e  l a b o r a t o r y  f a c i l i t i e s  were e s s e n t i a l l y  
f i n i s h e d  i n  J a n u a r y ,  1982. The equipment  was t h e n  i n s t a l l e d  and 
t r a i n i n g  began on  l a b o r a t o r y  p r o c e d u r e s  i n  s o i l  and w a t e r  
a n a l y s e s .  Chemical  s u p p l i e s  a r r i v e d  i n  Februa ry ,  1982. The 
r e c o n n a i s s a n c e  a n d  s e m i - d e t a i l e d  so i ls  mapping w a s  comple ted  i n  
March by h e l i c o p t e r  where remote s i t e s  were n o t  a c c e s s i b l e  by 
v e h i c l e .  Dur ing  t h e  w i n t e r  of  1981/82, t h e  a g r i c u l t u r a l  a r e a s  o f  
Houmbouli and  Douda were moni to red  f o r  e l ec t r i ca l  c o n d u c t i v i t y  o f  
t h e  i r r i g a t i o n  water. A t  t h e  same t i m e ,  t h e  p r o p e r t y  ownersh ip  
maps f o r  t h e s e  t w o  areas were begun. I n  J u n e  and  J u l y  t h e  so i l s  
were i n t e r p r e t e d  and a r e p o r t  p r e p a r e d .  A t  t h i s  t i m e ,  t h e  
l a b o r a t o r y  a l so  r e c e i v e d  a n  i n s t i t u t i o n a l  budge t  and autonomy 
under  t h e  M i n i s t r y  pf A g r i c u l t u r e .  

The l a b o r a t o r y  w i l l  c o n t i n u e  t o  r e c e i v e  t e c h n i c a l  
a s s i s t a n c e  f o r  a few y e a r s  from t h e  U. S. Department  of  
A g r i c u l t u r e .  F u r t h e r ,  t h e  l a b o r a t o r y  t e c h n i c i a n s  are s c h e d u l e d  
f o r  f o r m a l  t r a i n i n g  o u t s i d e  D j i b o u t i .  T h i s  w i l l  i n c l u d e  o n e  and  
one-hal f  y e a r s  o f  g r a d u a t e  s t u d y  i n  so i l  c h e m i s t r y :  s i x  months o f  
USDA-NSSL a n d  USGS l a b o r a t o r y  t r a i n i n g .  The l a b o r a t o r y  a s s i s t a n t  
w i l l  r e c e i v e  t w o  months t r a i n i n g  a t  USDA-NSSL, and each  o f  t h e  
t w o  new employees w i l l  r e c e i v e  one  y e a r  basic l a b o r a t o r y  
t r a i n i n g .  The l a b o r a t o r y  s h o u l d  t h e n  be f u l l y  f u n c t i o n a l  and 
o p e r a t i n g  o n  i t s  own. 

1 .5  Project R e s u l t s  

I n  c r o s s i n g  t h e  coun t ry  a n d  d e s c r i b i n g  t h e  so i ls  a t  t h e  
sample  sites, t h e  Project Team a c q u i r e d  f i r s t - h a n d  knowledge of  
e a c h  o f  t h e  soi ls  i n  t h e  c o u n t r y .  The D j i b o u t i a n  t e c h n i c i a n s  
were t r a i n e d  t o  d e s c r i b e ,  sample, c l a s s i f y  and map t h e  soi ls .  
The team made a 1:300,000 g e n e r a l  so i ls  map o f  D j i b o u t i  and  
d e s c r i b e d  and  e v a l u a t e d  t h e  major  soi ls  o f  t h e  c o u n t r y .  I t  a l so  
made a 1:100,000 scale r e c o n n a i s s a n c e  so i l s  map o f  t h e  c o u n t r y  
a n d  1 :25 ,000 scale soi ls  maps of  s e l e c t e d  areas. S e m i - d e t a i l e d  
soils maps of  s e l e c t e d  wa te r sheds  were produced u s i n g  t h e  
r e c o n n a i s s a n c e  soi ls  legend.  The team l o c a t e d  and i d e n t i f i e d  
p o t e n t i a l  a g r i c u l t u r a l  and  r a n g e  sites. I t  d e s c r i b e d ,  



class i f ied,  and interpreted the  s o i l s  identif ied t o  date. To 
help farmers and t o  give them s c i e n t i f i c  recommendations for  
farming and ranching, laboratory f a c i l i t i e s  were established t o  
t e s t  the  s o i l  and water, and properly inform the land-user. 

Other accomplishments included establishing a technical 
reference l ibrary.  Land ownership mapping was i n i t i a t e d  a t  a 
sca le  of 1:5,000. Watersheds were mapped a t  a scale  of 
1:100,000. Major land slope categories were mapped a t  a sca le  of 
1: 100,000. Both of these maps a re  necessary t o  evaluate water 
ava i lab i l i ty .  A soi l  climate map was constructed a t  a scale  of 
1:300,000. A general elevation map was constructed a t  the same 
scale. A f ive  percent ( 5 % )  one-square-kilometer random sample 
was established for  continuing resources evaluation and land-use 
monitoring for  be t te r  agr icu l tura l  information. 

Nearly a l l  of the  equipment and chemicals a re  i n -  
s t a l l e d  and i n  place. The only equipment remaining t o  be 
delivered a r e  items for  the  Perkin-Elmer analytical  apparatus and 
the  conductivity meter. These items have been shipped. Training 
has been received on s o i l  survey, laboratory techniques and 
management. The laboratory has been established within MADR t o  
be t t e r  serve i t s  diverse users. A budget has a l so  been 
established t o  meet the  operational needs of the  laboratory. 
Further t ra in ing  of present and future personnel has been 
planned. The laboratory i s  operational. The follcwing analyses 
can be mader with the  laboratory as it existed s ix  months ago: 
pa r t i c l e  s ize ,  calcium, magnesium, t o t a l  s a l t s ,  sodium, S A R I  pH 
and phosphorous index. These a re  the determinations needed t o  
answer most of the  questions dealing with agr icu l tura l  
development. I t  needs time and practice t o  become e f f i c i en t  and 
t o  achieve i t s  potential .  Additional t e s t s  needed t o  answer 
c lass i f ica t ion  questions w i l l  be s ta r ted  t h i s  year as soon as the 
l a s t  two pieces of ana ly t ica l  equipment a re  operational. These 
t e s t s  include potassium, saturation extract ,  N03, Carbonate 
equivalence, CEC, base saturation, OC, Boron, gypsum, su l fa te ,  
chloride, carbonate a n d  bicarbonate. 

1.6 Recommendations 

1.6.1 Agricultural Recommendations 

Water i s  unquestionably the most important 
fac tor  i n  agr icu l tura l  production i n  Djibouti. Large quant i t ies  
a r e  required over one t o  several months and the qual i ty  m u s t  be 
very high t o  prevent rapid s a l t  accumulation i n  the  so i l s .  As a 
resu l t ,  one m u s t  look seriously a t  where the water occurs, the  
quali ty of water available, and hcw t o  manage the water i n  
agr icu l tura l  production. 

The locations of accumulated water a r e  
basically four i n  nature. One area i s  where the r a i n f a l l  occurs 
on mountains having elevations over 900 meters. Rains occur more 
frequently throughout the  year i n  these areas. Floods of these 



areas replenish the water within the  wadis of Weima, Sadai, 
Gobaad, and Hanle. This area i s  the  source of water for  a l l  the 
wadis from Sublali ,  along the  coast, a l l  the  way around the  
Goubbhet. 

The second place t h a t  can be considered i s  
t h e  wadi channels i n  the  i n t e r i o r  of the  country. Wadi channels 
flood from time t o  time. The wadi water i n f i l t r a t e s  rapidly in to  
t h e  channel, and i f  the  alluvium is  thick enough, a  temporary 
reservoir  i s  established which can be used fo r  some period of 
time t o  i r r i g a t e  crops, depending on local  wadi conditions. 

A t h i r d  posi t ion su i tab le  for  col lect ing 
water i s  the  foot slopes of the  mountains and the  h i l l s  where 
sheet  erosion and even gully erosion a re  presently act ive.  This 
water can be channeled and directed t o  accumulate on more level  
areas, as a  consequence, increasing the  moisture ava i l ab i l i t y  for  
crop production. 

A fourth place i s  playa basins. Often, the  
shor t  slopes and the  narrow watersheds around the  playas supply 
run-of f  water i n to  the  playas. I f  t h i s  i s  redirected and ponded, 
i t  can be concentrated on se l ec t  areas t o  increase water 
a v a i l a b i l i t y  and thus crop production. 

I t  m u s t  be remembered t h a t  the  water 
avai lable  and stored by the  present act ive  system i s  about as 
e f f i c i e n t  as  can be expected. When the  r a i n f a l l  is  high and the  
run-off i s  high, the  water flows down the  permeable channels and 
i n f i l t r a t e s  them, recharging the  groundwater, and recharging 
alluvium. I t  a l so  permits the  accumulation i n  playas, which have 
a  s i l t  cover and a re  semi-impermeable t o  the  water. As a  resu l t ,  
any kind of engineering would probably eventually inh ib i t  t h i s  
recharge ra ther  than improve it. Therefore, agr icul ture  should 
adapt i t s e l f  t o  the  natural  flow and ava i l ab i l i t y  of water ra ther  
than attempt t o  dominate it. 

Throughout the  country, highest qual i ty  water 
occurs i n  the  wadi channels where it i s  recharged regularly with 
f r e sh  clean rainwater. After leaving these channels, it 
encounters bedrock and sedimentary rock, which a re  impregnated 
with s a l t s .  The s a l t  content r i s e s  and the  tox ic i ty  of some 
elements increase. 

A t  t h i s  point,  it seems t h a t  we can consider 
t h e  deep groundwater from deep aquifers t o  contain toxic  levels  
of boron, which inh ib i t s  f u l l  healthy plant  development. A s  a  
r e su l t  one should look t o  u t i l i z e  the  water as  soon a f t e r  it 
ra ins  a s  i s  feasible.  

Soi ls  

Soi ls  a re  the  next s ign i f ican t  factor  i n  crop 
development. The s o i l s  i n  Djibouti near the  geomorphic posit ions 
associated with water accumulation a r e  normally sui table .  Except 



o n  t h e  coasta l  p l a i n s ,  t h e  soils a re  n o t  s a l t y ,  a l t h o u g h  t h e y  a re  
c a l c a r e o u s .  Most soils a re  c o a r s e  t e x t u r e  a n d  w i l l  h a v e  m o d e r a t e  
t o  h i g h  p e r m e a b i l i t y .  The soi ls  s u i t a b l e  f o r  a g r i c u l t u r e  o c c u r  
o n  t h e  f i r s t  and  s e c o n d  terraces a l o n g  the  wad i s .  They a l s o  
o c c u r  o n  t h e  c o l l u v i a l  d e l t a s  a n d  o n  t h e  f o o t s l o p e s  a n d  
p e d i m e n t s .  The  soils i n  t h e  p l a y a s  a re  a l s o  s u i t a b l e  f o r  
c u l t i v a t i o n .  T h e r e  a r e  o t h e r  areas which  a r e  s u i t a b l e  f o r  
c u l t i v a t i o n  b u t  d o n ' t  h a v e  water a v a i l a b l e .  Most o f  t h e  other 
a r e a s  w i t h  so i l  a re  s u i t a b l e  f o r  r a n g e  a n d  a l s o  a s  w a t e r s h e d s  for  
a c c u m u l a t i n g  w a t e r .  

So i l  and  Water Development  -- 
Any a g r i c u l t u r a l  s y s t e m  i n  D j i b o u t i  w i l l  

d e p e n d  o n  r a i n f a l l .  R a i n  i s  t h e  o n l y  s o u r c e  o f  s a l t - f r e e  w a t e r .  
Water i s  o n l y  a v a i l a b l e  whe re  t h e  r a i n w a t e r  a c c u m u l a t e s .  R a i n  
o c c u r s  i n  s h o r t  i n t e n s e  e p i s o d e s .  Because  a g r i c u l t u r e  r e q u i r e s  
water  o n  a n  i n t e r m e d i a t e  t o  long - t e rm basis ,  t w o  months  t o  a 
y e a r ,  t h e  water mus t  be s t o r e d .  I t  mus t  be a v a i l a b l e  a t  t he  t i m e  
o f  t h e  crop r e q u i r e m e n t s .  Water s t o r a g e  is  a  r a t e - o f - t i m e  
f u n c t i o n .  R a i n w a t e r  a c c u m u l a t e s  i n  t h e  wadis d u r i n g  f l o o d s .  I t  
i n f i l t r a t e s  i n t o  the  c h a n n e l  a n d  f l o w s  a l o n g  s l o w l y  i n s i d e  t h e  
c h a n n e l  s e d i m e n t .  H e r e ,  the  r a i n w a t e r  i s  p r o t e c t e d  f rom 
e v a p o r a t i o n  by t h e  c h a n n e l  s e d i m e n t s .  I t  i s  a v a i l a b l e  o v e r  
s e v e r a l  months  or s e v e r a l  d a y s  i n  t h e  c h a n n e l  by t h i s  r e t a r d e d  
movement. S e v e r a l  y e a r s  l a t e r ,  it may r e a p p e a r  a s  g r o u n d w a t e r  i n  
deep a q u i f e r s .  

R a i n w a t e r  o n  t h e  p e d i m e n t  s l o p e s ,  t h a t  i s ,  - 

water r u n n i n g  o f f  a s  s h e e t  e r o s i o n ,  d i s t r i b u t e s  water t h a t  
i n f i l t r a t e s  I n  t h e  s o i l  where it i s  s t o r e d  f o r  o n e  t o  t w o  
months .  Water may be s t o r e d  i n  c h a n n e l  s e d i m e n t s ,  i n  g r o u n d w a t e r  - 

a q u i f e r s ,  o r  i n  t h e  so i l  i t s e l f  u n t i l  it i s  u s e d  b y  t h e  c r o p .  
T h e r e f o r e ,  it n e e d  n o t  be s t o r e d  i n  r e s e r v o i r s .  The  main  c o n c e p t  
o f  water a v a i l a b i l i t y  i n  D j i b o u t i  i s  knuwing how much w a t e r  i s  
f l a w i n g  t h r o u g h  t h e  s y s t e m  d u r i n g  a  g i v e n  p e r i o d  o f  t i m e ,  so t h a t  
o n e  c a n  knaw when a n d  haw much water i s  a v a i l a b l e  t o  the  c r o p  
d u r i n g  t h a t  p e r i o d .  T h i s  is r e l a t e d  t o  t h e  t i m e  be tween  a r a i n  
a n d  the  t i m e  t he  s e d i m e n t s  h a v e  too l i t t l e  w a t e r  fo r  c r o p  
p r o d u c t i o n .  Knowing th i s ,  o n e  c a n  c a l c u l a t e  t h e  k i n d  o f  c r o p  and  
t h e  t y p e  o f  water r e t r i e v a l  s y s t e m  needed  t o  grow t h a t  c r o p .  

T h e  f o l l o w i n g  i s  a  s t r a t e g y  f o r  c r o p  
p r o d u c t i o n .  The  l o n g e s t - l i v e d  mos t  v a l u a b l e  c r o p s  must  h a v e  the  
h i g h e s t  q u a l i t y  and  most d e p e n d a b l e  water s o u r c e .  The l o w e s t  
q u a l i t y  crop a n d  the  f a s t e s t  g ruwing  s h o u l d  be r e l e g a t e d  t o  t h e  
m o s t  u n r e l i a b l e  water s o u r c e .  Water f rom t h e  h i g h  m o u n t a i n s  
r e p r e s e n t s  t h e  most d e p e n d a b l e ,  h i g h - q u a l i t y  water s u p p l y .  T r e e ,  
bush ,  a n d  v i n e  crops a re  t h e  mos t  v a l u a b l e ,  l o n g - l i v e d  p l a n t s .  
They s h o u l d  be p l a n t e d  i n  a s s o c i a t i o n  w i t h  water f rom t h e  h i g h  
m o u n t a i n s .  T h i s  s u g g e s t s  t h a t  de l t a s  a n d  c o l l u v i u m s  f rom 
T a d j o u r a  w e s t  a r o u n d  t h e  Goubbhet  s h o u l d  be p l a n t e d  i n  f r u i t s .  

Cereal g r a i n s  a n d  o i l  crops r e p r e s e n t  
i n t e r m e d i a t e  g ruwth  crops r e q u i r i n g  e x t e n s i v e  areas and  water 



s u p p l i e s  from t h r e e  t o  n i n e  months. These  c r o p s  s h o u l d  b e  
p l a n t e d  a l o n g  any of  t h e  o t h e r  wad i s  on  t h e  f i r s t  and second  
t e r r a c e s  anywhere i n  t h e  c o u n t r y .  They c a n  be p l a n t e d  a f t e r  t h e  
r a i n  h a s  e s t a b l i s h e d  how much w a t e r  i s  a v a i l a b l e  i n  t h e  a l l u v i u m  
t o  p l a n t  t h e  c r o p .  T h i s  means t h a t  t h e  wadis  o f  Weima, Han le  and  
Gobaad are  p a r t i c u l a r l y  s u i t e d  t o  g r a i n  p r o d u c t i o n .  F r e q u e n t l y ,  
o t h e r  s m a l l e r  w a t e r s h e d s  n e a r  E l i  Sab ieh ,  Dorra,  Khor Anghar, 
e tc . ,  may have  w a t e r  a v a i l a b l e  f o r  g r a i n  p r o d u c t i o n .  

F i n a l l y ,  t h e  s h o r t - l i v e d  f o r a g e s  s h o u l d  be 
p l a n t e d  where t h e  w a t e r  h a s  t h e  l e a s t  d u r a b i l i t y ,  t h e  lowest -  
q u a l i t y ,  and t h e  h i g h e s t  r i s k  f a c t o r .  T h a t  is ,  it s h o u l d  be 
p l a n t e d  o n  e x t r a  l a n d  by t h e  wad i s  o r  i n  t h e  a r e a s  where t h e  
w a t e r  i s  c o n c e n t r a t e d  a l o n g  pediments ,  and  i n  p l a y a s .  They 
s h o u l d  be s h o r t - l i v e d  c e r e a l s  and  g r a s s e s  which a r e  h a r v e s t e d  a s  
s o o n  a s  t h e y  shaw d r o u g h t  stress. 

1 .6 .4  Env i ronmenta l  Impact  

T h i s  s t r a t e g y  and t h e s e  c o n c e p t s  w i l l ,  o f  
c o u r s e ,  have e n v i r o n m e n t a l  impac t s .  These  i n c l u d e  t h e  f o l l w i n g :  

1. T h e r e  w i l l  be an i n c r e a s e  i n  t h e  number of  
b i r d s ,  i n s e c t s ,  and w i l d  an imal s  d u e  t o  t h e  
i n c r e a s e  i n  v e g e t a t i o n .  

2 .  T h e r e  w i l l  be an  i n c r e a s e  i n  d o m e s t i c  
l i v e s t o c k  w i t h  added occupancy and g r a z i n g  i n  
a r e a s  n e a r  t o  l i v e s t o c k  c o n c e n t r a t i o n s .  T h i s  
would t e n d  t o  e n c o u r a g e '  o v e r - g r a z i n g  n e a r  
f  a r m s i t e s .  

3. Due t o  t h e  a g r i c u l t u r a l  s e t t l e m e n t ,  t h e r e  
w i l l  be a  g e n e r a l  i n c r e a s e  i n  t h e  c u t t i n g  of  
b u s h e s  f o r  f e n c i n g .  

4. S i n c e  t h e  r a i r w a t e r  i s  t h e  s o u r c e  o f  ground- 
w a t e r  r e c h a r g e ,  t h e  u s e  o f  w a t e r  f o r  
i r r i g a t i o n  w i l l  d i r e c t l y  a f f e c t  t h e  r e c h a r g e  
r a t e s  and lower w a t e r  a v a i l a b i l i t y  from t h e  
d e e p  w e l l s .  Water a v a i l a b i l i t y  a t  some of  
t h e  permanent  w e l l  s i t e s  w i l l  a l s o  be reduced  
or  e l i m i n a t e d  a s  t h e  w a t e r  i s  withdrawn 
ups t ream from t h e a l l u v i u m .  The  u s e  o f  t h e  
r emain ing  w a t e r  s i t e s  f o r  l o n g e r  p e r i o d s  
w i t h o u t  f l u s h i n g  t h e  water h o l e s  and a lso 
b r i n g i n g  t h e  l i v e s t o c k  t o  permanent  w a t e r  
s o u r c e s ,  w i  11 probab ly  i n c r e a s e  l i v e s t o c k  
d i s e a s e .  F i n a l l y ,  b e c a u s e  o f  w a t e r  d i v e r s i o n  
s t r u c t u r e s ,  n a t u r a l  e r o s i o n  and g u l l y  and  
s h e e t  e r o s i o n  w i l l  be d i v e r t e d  and reduced.  

1.6.5 P r e l i m i n a r y  Needs 

The  M i n i s t r y  of  A g r i c u l t u r e  and  t h e  



Government of Djibouti have some i n i t i a l  requirements t o  meet 
before agr icul ture  can begin. One of the  things t h a t  should be 
i n i t i a t e d  ear ly  i s  more act ive  contact between the  Ministry of 
Agriculture and present farmers, principally t o  develop a  program 
f o r  a s s i s t ing  the  farmers when development i s  completed. There 
should be a  more act ive Agricultural  Service which w i l l  function 
i n  a  d i r ec t  associat ion with the  farmers and farmer organizations. 

Djibouti  a l so  should es tabl ish  c l ea r  land 
ownership po l ic ies  and laws and should develop procedures for  
land users t o  acquire t i t l e .  The country's land can be 
considered as c a p i t a l  t o  repay the  potent ia l  land-user fo r  a  
cer ta in  number of years of man-labor which could be performed i n  
public service  t o  a s s i s t  t he  country i n  achieving many of i t s  
public works programs. 

Further,  t he  country needs now t o  begin t o  
es tab l i sh  legal  r i g h t s  t o  water, for  t he  livestock, for  industry, 
fo r  urban needs, as  well as  fo r  agr icu l tura l  needs so  t h a t  
programs can be designed t o  meet those needs. I n  t h i s  way, a  
farmer enters  h i s  project  knowing he has the  assurance of 
continued water supply. 

I n  order t o  continue with national  
development of agr icu l ture  i n  Djibouti, addit ional  technical  
ass is tance i s  required. The following i s  a  l i s t  of short-term 
spec ia l i s t s  t h a t  could make a  meaningful contribution. These 
would include: 

Agricultural  Economist 
Cadastral Expert 
Agricultural  Engineer 
I r r i g a t i o n  Engineer 
Water ~ i g h t s / ~ i s t r i b u t i o n  Spec ia l i s t  
Cooperative Expert 
Animal Husbandry Spec ia l i s t  
~gronomist/~orticulturist/~gricultural 
Extensionist  
Socia l  Sc ien t i s t  (able  t o  look a t  t he  impact 

of t he  agr icu l tura l  developments on the  
a t t i t u d e  of t he  people and monitor t he  
change) 

Djibouti  i s  no longer a  nomadic s t a t e :  i t  has 
farmers: it has ag r i cu l tu ra l  production: it has agronomists: i t  
has governmental and p r iva t e  agr icu l tura l  i n s t i t u t ions ,  and i t  
has agr icu l tura l  experience. I t  has ident i f ied more ag r i cu l tu ra l  
resources than were previously known. I f  Djibouti dedicates i t s  
e f f o r t  t o  the  established objectives,  and i s  wil l ing t o  commit 
i t s e l f  fu l ly ,  it should be able t o  produce enough crops t o  feed 
the  current  population o r  more. 

1 . 6 . 6  Problems Encountered 

Several factors  affected the  e f f i c i e n t  



completion of t h i s  project.  I f  they had been r e c t i f i e d  e a r l i e r ,  
t h e  laboratory would have progressed fur ther  i n  meeting these 
objectives.  

In  the  i n i t i a l  agreement between the  two 
countries,  no provision was made fo r  an operat ional  budget. This 
resu l ted  i n  spending a  large segment of time and e f f o r t  searching 
f o r  a  solution,  writing the  required law t o  es tab l i sh  legal  
s t a t u s  for  t he  laboratory and subsequently authorizing personnel 
posi t ions  and budget. Without t h i s  author i ty ,  it was of ten 
impossible for  t he  personnel assigned t o  the  project  t o  acquire 
basic  ass is tance and funds t o  meet the  objectives.  This problem 
was successfully resolved by an a c t  of t he  National Assembly and 
t h e  President of Djibouti. 

Personnel management a l so  presented 
complications. A l l  of the  personnel were assigned from outside 
in s t i t u t ions .  None of them had in te rna l  authori ty t o  
spec i f ica l ly  execute t h e  r e spons ib i l i t i e s  assigned. This 
conf l ic t  was resolved by the  goodwill and cooperative assistance 
of everyone i n  the  laboratory and everyone connected with it. 
Par t icu la r  thanks are  due Mohamed Awali, Chief of Agricultural 
Service, who supervised the  men assigned t o  the  project .  His 
cooperation and support was not only essen t ia l ,  but outstanding. 

Construction presented another serious s e r i e s  
of delays. Without a  budget materials could not be purchased. 
M r .  Mohamed Waberi, Chief of Genie Rural, used funds from h i s  
budget, where and whenever possible. He a l so  assigned laborers 
t o  the  work. Nevertheless, t he  construction of t he  1aSoratory 
f a c i l i t i e s  to& one and one-half years and required constant 
supervision. Training for  laboratory analysis  of s o i l s  and water 
was delayed such t h a t  some t ra in ing  w i l l  have t o  be done i n  
sho r t  in te rva ls  over the  next few years. This a l s o  resulted i n  a  
small extension t o  the  project  i n  order t o  complete the  
reporting. 

Yet another major delay was the  acquisi t ion 
of material  and equipment. I t  was over a  year and one-half 
between the  time the  necessary chemicals and other materials were 
se lec ted  and t h e i r  delivery effected.  This had the  same 
detrimental e f fec t  on the  project  as t he  delayed construction. 



2 .0  INTRODUCTION AND BACKGROUND - 
The  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  o u t l i n e  t h e  a c t i v i t i e s  o f  

t h e  Soi l s  and  Water L a b o r a t o r y  P r o j e c t ,  t o  s u b m i t  t h e  f i n d i n g s  o f  
t h e  i n v e s t i g a t i o n s  c o n d u c t e d  i n  t h i s  p r o j e c t ,  a n d  t o  p r e s e n t  t h e  
r e c o m m e n d a t i o n s  c o n c e r n i n g  a g r  i c u l t u r  a1 d e v e l o p m e n t  i n  D j i b o u t i  
r e s u l t i n g  f rom t h e  e f f o r t  o f  t h i s  p r o j e c t .  The  gove rnmen t  
e s t a b l i s h e d  a so i l  and  w a t e r  a n a l y s i s  l a b o r a t o r y  f o r  t h e  a n a l y s i s  
a n d  i n v e n t o r y  o f  t h e  soi ls  a n d  water r e s o u r c e s  and  t o  p r o v i d e  
t e c h n i c a l  a s s i s t a n c e  t o  r a n g e  and  a g r i c u l t u r a l  d e v e l o p m e n t .  
F i e l d  i n f o r m a t i o n  w a s  t r a n s f e r r e d  o n t o  a 1 : loo,  000 scale 
t o p o g r a p h i c  map a n d  a more d e t a i l e d  s o i l  map w a s  g e n e r a t e d .  
S e m i - d e t a i l e d  mapping w a s  d o n e  a t  1 :25 ,000  scale  f o r  s e l e c t e d  
areas. Land o w n e r s h i p m a p p i n g  w a s  d o n e  a t  1 : 5 , 0 0 0  scale.  The  
b u i l d i n g  f o r  t h e  l a b o r a t o r y  w a s  c o n s t r u c t e d  a n d  e q u i p m e n t  and  
materials i n s t a l l e d .  T r a i n i n g  w a s  g i v e n  o n  so i l  f e r t i l i t y  and  
water q u a l i t y  t e s t i n g .  The r e s u l t s  o f  t h i s  p r o j e c t  i n d i c a t e d  
t h a t  D j i b o u t i  h a s  a n  a g r i c u l t u r a l  r e s o u r c e  c a p a b l e  o f  m e e t i n g  
m o s t  o f  i t s  n e e d s .  The l a b o r a t o r y  p e r s o n n e l  w i l l  r e c e i v e  f u r t h e r  
f o r m a l  i n t r o d u c t i o n  o n  l a b o r a t o r y  a n d  so i l  s u r v e y  me thods  a n d  
p r o c e d u r e s .  P h o t o s  #7  and  #8  show t r a d i t i o n a l  a g r i c u l t u r  a1 
p r a c t i c e s  i n  D j i b o u t i .  

2 . 1  P r o j e c t  History 

2 . 1 . 1  P r  e-Pr o j  ect D o c u m e n t a t i o n  

I n  October o f  1977 ,  a team o f  t h r e e  
i n d i v i d u a l s  s u r v e y e d  t h e  s t a t u s  o f  D j i b o u t i a n  a g r i c u l t u r a l  
d e v e l o p m e n t .  T h i s  team, c o m p r i s e d  o f  Madison Broadnax ,  James 
M c D e r m o t t  and  C l a u d i o  S h e r f t o n s ,  p r e p a r e d  a r e p o r t  f o r  USAID 
(Append ix  A - 1 )  wh i ch  w a s  t o  d e v e l o p  a l t e r n a t i v e s  a n d  
r e c o m m e n d a t i o n s  f o r  s p e c i f i c  A I D  a c t i o n  i n  t h e  n e w l y - c r e a t e d  
R e p u b l i c  o f  D j i b o u t i ,  based o n  a r e c o n n a i s s a n c e  o f  t h e  c o u n t r y ' s  
n a t u r a l ,  human, a n d  i n s t i t u t i ' o n a l  r e s o u r c e s .  R e g a r d i n g  so i l s  and  
w a t e r ,  t h i s  t e a m  recommended t h a t :  

"The s o i l  base i s  a d e q u a t e  t o  s u p p o r t  a 
s i g n i f i c a n t  a g r i c u l t u r e .  " "A s t u d y  b y  a s o i l s  
e x p e r t  i s  needed ,  a n d  our  j udgmen t s  are t h a t  t h e r e  
i s  enough  good so i l  t o  j u s t i f y  s u c h  a s t u d y . "  

" I n  t h e  so i l s  area, a s u r v e y  i s  n e e d e d ,  b u t  t h e  
e x t e n t  and  n a t u r e  i s  i n  q u e s t i o n .  The f i r s t  t a s k  
t h a t  w e  see needed  i s  t o  e v a l u a t e  t h e  so i l s  i n  t h e  
spots w h e r e  t h e r e  i s  c u r r e n t l y  some water 
a v a i l a b l e  f o r  i r r i g a t i o n .  The s e c o n d  p r i o r i t y  n e e d  
i s  for s u r v e y s  i n  t h o s e  areas i n  w h i c h  D j i b o u t i  i s  
i n t e r e s t e d  i n  d r i l l i n g  more w e l l s ,  o r  i n  h e l p i n g  
d e t e r m i n e  f u t u r e  w e l l  si tes.  Some s t u d y  s h o u l d  be 
made o f  t h e  Gobaad and  H a n l e  P l a i n s . "  



Photo #7: T r a d i t i o n a l  a g r i c u l t u r e  - a t  t he  beg inn ing  o f  t h i s  
p r o j e c t  t h e r e  were perhaps 400 hec ta res  o f  such 
farms as t h i s  i n  a l l  o f  D j i b o u t i  

Photo #8: T r a d i t i o n a l  marke t ing  o f  a g r i c u l t u r a l  produce. 
These f a t  t a i l e d  sheep, a l ong  w i t h  goats ,  camels 
and c a t t l e  suppor ted t he  D j i b o u t i a n  p o p u l a t i o n  f o r  
12 c e n t u r i e s  



"We recommend p r o v i d i n g  some s o i l  t e s t i n g  
l a b o r a t o r y  equipment  and  s u p p l i e s  a l o n g  w i t h  t h e  
s u r v e y ,  b u t  do n o t  know what i s  needed .  " 

"Water i s  t h e  c r i t i c a l  e l e m e n t  i n  any  o f  
D j i b o u t i  I s  d eve lopmen t  a l t e r n t i v e s .  'I 

"More i n f o r m a t i o n  a b o u t  t h e  water s u p p l y  i s  
n e e d e d ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  a n n u a l  
y i e l d  c a p a c i t y  o f  t h e  major  a q u i f e r s  and  t o  water 
q u a l i t y ,  e s p e c i a l l y  i n  t h o s e  r e s e r v o i r s  i n  which  
t h e  dange r  o f  s a l t  i s  r e c o g n i z e d .  The Pouchan 
d a t a  would y i e l d  c o n s i d e r a b l e  i n f o r m a t i o n ,  b u t  he 
claims t h a t  a d e q u a t e  i n f o r m a t i o n  w i l l  r e q u i r e  more 
t e s t  b o r i n g s .  The t e a m ' s  judgment i s  t h a t  t h e  
water s u p p l y  p o t e n t i a l  i s  a d e q u a t e  t o  s u p p o r t  some 
a g r i c u l t u r e  and  t h u s ,  it j u s t i f i e s  f u r t h e r  
a t t e n t i o n .  Water e x p e r t i s e  is  needed  t o  h e l p  
d e t e r m i n e  b o t h  s t u d y  needs  and e x p l o i t a t i o n  
n e e d s .  " 

I n  F e b r u a r y  o f  1978,  Dean P e t e r s o n ,  
C h i e f ,  SWM, DS/AGR, USAID a n d  P r o f e s s o r  Pouchan,  P r o f e s s o r  
o f  U n i v e r s i t y  o f  Bordeaux c o n f e r r e d  w i t h  USAID/D~ i b o u t i  
r e g a r d i n g  h y d r o l o g i c a l  a s p e c t s  o f  a n  A I D  a g r i c u l t u r a l  
deve lopmen t  project .  They found  t h a t :  

" T h e r e  a r e  l i m i t e d  qroundwater  r e s o u r c e s  t h a t  
c o u l d  s u p p o r t  some c r o p p i n g  i n  D j i b o u t i . "  "The 
e x p l o i t a t i o n  o f  t h e  more i m p o r t a n t  s o i l  and w a t e r  
r e s o u r c e s  c o u l d  p r o c e e d .  T h e r e  seems t o  be n o  
overwhelming  r e a s o n  t o  make a  complete a s s e s s m e n t  
o f  r e s o u r c e  p o t e n t i a l  immed ia t e ly ,  b u t  s o i l  
r e c o n n a i s s a n c e  i n  the m o s t  p r o m i s i n g  a r e a s  o f  
water s u p p l y  p o t e n t i a l  s h o u l d  be checked  o u t . "  

T h e  c o m p l e t e  report i s  t o  be found i n  Appendix A-2. 

I n  March 1978,  a n  a g r i c u l t u r a l  e c o n o m i s t ,  
Raymond l Y m b l a y r  i n  a report  t o  U ~ ~ ~ D / D j i b o u t i ,  recommended 
s u p p o r t  f o r  a l a b o r a t o r y  for water and s o i l  s u r v e y s .  H e  s t a t e d ,  

"I ts  ( l a b o r a t o r y )  c o s t - e f f e c t i v e n e s s  i s  v e r y  h i g h .  
I t  i s  the l o g i c a l  s t e p  t o  f o l l o w  i n  d e ~ e l & ~ m e n t .  
I n s t e a d  o f  g o i n g  f u l l - f l i g h t  i n t o  a g r i c u l t u r a l  
deve lopmen t  i n  a n  area where  l i t t l e  knowledge  
e x i s t s ,  t h e  needed  knowledge w i l l  be o b t a i n e d .  
P e r s o n n e l  o f  t h e  c o u n t r y  w i l l  be t r a i n e d  t o  t a k e  
o v e r  and  c a r r y  on .  I n  a l t e r n a t i v e  two t h e  
e x i s t i n g  l a b o r a t o r y ,  which  i s  i n  t h e  process o f  
f u r t h e r  b e i n g  d e v e l o p e d ,  w i l l  be s u p p o r t e d .  T h i s  
i s  i m p e r a t i v e  a s  c o n j u n c t i v e  s o i l  and water 
s u r v e y s  a r e  b a d l y  needed .  A s y s t e m a t i c  



o r g a n i z a t i o n  a n d  some sort  o f  c e n t r a l  a v a i l a b i l i t y  
of  d a t a  a r e h i g h  p r i o r i t y r e q u i r e m e n t s .  A l i t t l e  
i n f o r m a t i o n  a l r e a d y  e x i s t s  b u t  i s  found  i n  v a r i o u s  
places s u c h  as i n  F 'rance and d i f f e r e n t  m i n i s t r i e s  
i n  D j i b o u t i .  T h e r e  i s a n e e d  f o r  D j i b o u t i  t o  
p r o p e r l y  assess i t s  water and s o i l  r e s o u r c e s .  The  
c o u n t r y  m u s t  know i t s  water r e s o u c e s  t o  d e v e l o p  
i t s  u r b a n  a n d  possible i n d u s t r i a l  p o t e n t i a l .  I t s  
n a t i o n a l  p o l i c y  g i v e s  t h e  c i t i e s  t h e  f i r s t  
p r i o r i t y  f o r  t h e  u s e  o f  water. C u r r e n t l y  t h e  
por t ,  when s e r v i c i n g  s h i p s ,  se l l s  them water a t  
f o u r  t i m e s  t h e  r a t e  p a i d  b y  t h e  people o f  
D j i b o u t i .  There i s  c e r t a i n l y  a n e e d  f o r  water f o r  
d e v e l o p m e n t  o f  a n y  k i n d .  Some water r e c o r d s  h a v e  
b e e n  c a r e f u l l y  c o l l e c t e d ,  b u t  t h e r e  h a s  b e e n  n o  
c e n t r a l  r e p o r t i n g  and  n o  c e n t r a l  a u t h o r i t y .  

L i t t l e  e q u i p m e n t  i s  c u r r e n t l y  b e i n g  u s e d  and  
a d d i t i o n a l  e q u i p m e n t  i s  u r g e n t l y  n e e d e d  f o r  s o i l  
a n d  w a t e r  a n a l y s i s .  S e n d i n g  so i l  s a m p l e s  h a l f - w a y  
a r o u n d  t h e  w o r l d  t o  H a w a i i  f o r  a n a l y s i s  i s  c o s t l y  
a n d  n o t  t h e  best u s e  o f  f u n d s .  But  o f  e v e n  
g r e a t e r  c o n c e r n  i s  t h e  amount o f  t i m e  los t .  Thus ,  
s o i l  a n d  water a n a l y s e s  o u g h t  t o  be d o n e  i n  
D j i b o u t i  a s  a basis f o r  f u r t h e r  d e v e l o p m e n t .  

T r a i n i n g  o f  local  p e r s o n n e l  i s  a n  e x c e l l e n t  a n d  
h i g h l y  recommended u s e  o f  f u n d s .  The USAID s t a f f  
s h o u l d  t r a i n  t h e  local  p e r s o n n e l  w h i l e  d o i n g  t h e  
s o i l  and  w a t e r  i n v e n t o r y  a n a l y s i s . "  

The  f u l l  T remb lay  r e p o r t  i s  f o u n d  i n  
Appendix  A-3. I t  was  t h e  f i r s t  document  t o  s p e c i f i c a l l y  
r e c m m e n d  e s t a b l i s h m e n t  o f  a so i l  and  water l a b o r a t o r y .  

I n  Augus t  1978 ,  F r e d e r i c k  B e r l a t t  
prepared a repor t  on "Poten t ia l  Agricultural  S tudies"  i n  
D j i b o u t i .  H e  too f o u n d  a n e e d  f o r  a l a b o r a t o r y  i n  D j i b o u t i  a n d  
f u r t h e r  w e n t  o n  t o  recommend t h a t  a n  i n v e n t o r y  o f  D j i b o u t i a n  s o i l  
and  water r e s o u r c e s  be begun .  The  t e x t  o f  h i s  report i s  found  
i n  Appendix  k-4. 

2 .1 .2  USAID P r o j e c t  P a p e r  

I n  J a n u a r y  1979 ,  a USAID P r o j e c t  P a p e r  
w a s  d e v e l o p e d  t o  d e s i g n  a Water R e s o u r c e s  a n d  S o i l s  A n a l y s i s  
P r o j e c t  t o  "assist t h e  Government  o f  t h e  R e p u b l i c  o f  D j i b o u t i  
(GROD) i n  e s t a b l i s h i n g  a r e s e a r c h  c a p a c i t y  i n  t h e  M i n i s t r y  o f  
A g r i c u l t u r e  a n d  R u r a l  Deve lopment  (MoA) c a p a b l e  o f  c o l l e c t i n g  and  
a n a l y z i n g  water a n d  so i l s  s a m p l e s . "  The P r o j e c t  P a p e r  s t a t e d  t h t  
t h e  p r o j e c t  w i l l  i n s t i t u t i o n a l i z e ,  t h r o u g h  t r a i n i n g  i n  t h e  
M i n i s t r y  o f  A g r i c u l t u r e  and  R u r a l  Development  (MoA), t h e  c a p a c i t y  
t o  u n d e r t a k e  s t u d i e s  s u p p o r t i v e  of l o n g - t e r m  a g r i c u l t u r a l  sector 



development, t h a t  i s ,  t he  capacity t o  do basic applied research 
which has immediate prac t ica l  benef i ts  t o  the Djiboutian farmer. 

Over the two-year l i f e  of the  project ,  
A I D  w i l l  provide resources t o  finance the  long-term services of a 
hydrogeologist who has had experience i n  s o i l  sampling. This 
advisor w i l l  work with and t r a i n  Djiboutian counterparts i n  
exploring for aquifers,  analyzing water samples, taking s o i l  
samples, direct ing s o i l s  analyses and interpret ing the r e s u l t s  t o  
the  farmers who work those so i l s .  He w i l l  a l so  a s s i s t  i n  the  
establishment of a water and s o i l s  analysis  laboratory which i s  
being b u i l t  and p a r t i a l l y  equpped by the  GROD. 

Suppl mentary equipment and supplies 
w i l l  be purchased for the  laboratory, as  well as a project  
vehicle and camping equipment t o  assure maximum mobility for the  
long and short-term technical advisors. Funds w i l l  a lso  be 
provided for a i r c r a f t  r e n t a l ,  communications, vehicle operation 
and maintenance, temporary lodging and miscellaneous operating 
expenses. 

I n  support of t h i s  project ,  the  GROD i s  
prepared t o  provide complete access t o  and use of a water and 
s o i l s  laboratory, including equipment and supplies, plus the  
services of the  following Djiboutian laboratory personnel: one 
hydrologist,  one water qual i ty  chemist, one or two s o i l s  
s c i e n t i s t s ,  one l i b ra r i an ,  one lab a s s i s t an t  and 
nonprofessionals, a s  required. These technicians and f a c i l i t i e s  
w i l l  backstop the  10-man agr icu l tura l  extension service, which 
w i l l  bring so i l s  and water samples t o  the  laboratory and take the  
p rac t i ca l  advice derived from laboratory findings t o  the farmers. 

The f u l l  Project  Paper i s  contained i n  
Appendix A-5, and the resu l tan t  PIO/T i s  contained i n  Appendix A- 
6. 

2.1.3 Technical Assistance Contract 

I n  October of 1980, U S A I D  contracted 
with a California firm, Resources Development Associates ( R D A )  t o  
provide Technical Assistance services  i n  support of the  Water 
Resources and Soils  Analysis Project .  This contract required 
t h a t  RDA provide a contract team to:  

a .  Establish a water and s o i l s  data col lect ion system 
a s  well a s  a system for the d a t a ' s  dissemination 
and use by other GROD, pr ivate  and donor 
in s t i t u t ions :  

b. co l l a t e  exis t ing and past water and s o i l s  data and 
t o  extent possible other donor data col lect ion 
a c t i v i t i e s ;  

c. provide t ra ining t o  GROD personnel i n  water qual i ty  
t e s t ing  and s o i l s  data col lect ions  and analyses; 



d .  u n d e r t a k e  soi ls  s t u d i e s  and a n a l y s e s  s u p p o r t i v e  t o  
ongo ing  donor s t u d i e s  and i n d e p e n d e n t  o f  o t h e r  
donor  e f f o r t s  i n  s e v e r a l  MOA-USAID t a r g e t e d  a r e a s ;  

e. g i v e n  d a t a  o b t a i n e d ,  p r o v i d e  e s t i m a t e  of  f u r t h e r  
r e q u i r e m e n t s  needed t o  u n d e r t a k e  a  n a t i o n a l  
overview of  s o i l s  r e s e a r c h .  

I n d i c a t i o n  t h a t  t h e  c o n t r a c t o r  had  
s a t i s f a c t o r i l y  a t t a i n e d  t h e  above would be ev idenced  by t h e  
f o l l o w i n g :  

a. Re soils:  h a s  developed f i e l d  su rvey  and t e s t i n g  
methods, s u c h  t h a t  t h e  coun t ry  or a t  l e a s t  a r e a s  
showing g r e a t e s t  p o t e n t i a l  may be m e t h o d i c a l l y  
c o v e r e d  ( d u l y  c l a s s i f i e d )  i n  t h e  e n s u i n g  5-6 
y e a r s .  Survey  and a n a l y s i s  s h o u l d  f o l l o w  normal  
"ground t r u t h "  p r a c t i c e s  s o  t h a t  it w i l l  complement 
e x i s t i n g  or p lanned  s a t e l l i t e  o r  a e r i a l  imagery .  
F u r t h e r ,  h a s  developed map u n i t s  w i t h  a p p r o p r i a t e  
s o i l s  c l a s s i f i c a t i o n s ,  r e l y i n g  on f i e l d  d a t a ,  l a b  
r e p o r t s  and  o t h e r  i n f o r m a t i o n  s o u r c e s .  Al so ,  h a s  
deve loped  l a b o r a t o r y  ( e q u i p p e d )  t o  p o i n t  t h a t  s o i l  
t e s t i n g  r e q u i r e m e n t s  can be i n d e p e n d e n t l y  h a n d l e d  
t h e r e i n .  

b. Re w a t e r  r e s o u r c e s :  c o o r d i n a t e d  e q u i p p i n g  of  
l a b o r a t o r y  and e s t a b l i s h e d  p r a c t i c e s  f o r  water 
q u a l i t y  t e s t i n g  and r e c o r d i n g .  ( C e r t a i n  
commodi t ies  deemed c r i t i c a l  t o  f u n c t i o n i n g  soils- 
w a t e r  lab a r e  funded under  t h i s  p r o j e c t ;  o t h e r s  
w i l l  b e  fo r thcoming  from GROD and o t h e r  d o n o r s ) :  

c.  A " u s e r  s e r v i c e "  w i l l  be  e s t a b l i s h e d  which w i l l  
l i s t  i n s t i t u t i o n s ,  GROD, and o t h e r  Donors, which 
a r e  i n t i m a t e l y  i n v o l v e d  and concerned  w i t h  
D j i b o u t i  ' s  land-use.  A means and f o r m a t  f o r  
d i s s e m i n a t i o n  w i l l  be t e s t e d  and implemented;  

d .  A t e c h n i c a l  l i b r a r y  e s t a b l i s h e d  and s t o c k e d  w i t h  
r e l e v a n t  t e x t s ,  manuals and j o u r n a l  s u b s c r i p t i o n s ,  
( i n  F r e n c h )  i n  f i e l d s  o f  so i l  s c i e n c e ,  h y d r o l o g y ,  
geo logy  and  water r e s o u r c e ,  p l a n n i n g  and l and-use  
management. A l l  p a s t  and p r e s e n t  i n f o r m a t i o n  
(maps, s t u d i e s ,  r e p o r t s )  r e  s o i l s  and  w a t e r  w i l l  be 
c a t a l o g u e d ;  

e. on- the- job  t r a i n i n g  p rov ided :  

1. A GROD-designated d e g r e e  l a b  a s s i s t a n t  w i l l  be 
t r a i n e d  i n  w a t e r  q u a l i t y  t e s t i n g  and so i l  
a n a l y s i s  p r o c e d u r e s .  H e  w i l l  be under  t h e  
d i r e c t i o n  of  b o t h  t h e  c o n t r a c t - a s s i s t e d  



D j i b o u t i a n  p e d o l o g i s t  and a t r a i n e d  D j i b o u t i a n  
h y d r o l o g i s t  w h o  w i l l  be a s s i s t e d / t r a i n e d  by  
West German T e c h n i c a l  A s s i s t a n c e  team i n  w e l l -  
l o g g i n g  i n t e r p r e t a t i o n ,  a q u i f e r  r e c o n n a i s s a n c e ,  
s t r e a m  g a u g i n g ,  m e t e o r o l o g i c a l  and g e n e r  a1 
h y d r o g e o l o g i c a l  t e c h n i q u e s  and  d a t a  management 
t o  e x t e n t  t h a t  h e  c a n  f u l l y  assume and  d i r e c t  
o n g o i n g  a c t i v i t i e s  a t  t i m e  West German 
T e c h n i c a l  A s s i s t a n c e  t e a m ' s  d e p a r t u r e .  

2.  A GROD-designated D j i b o u t i a n  w i l l  r e c e i v e  on- 
t h e -  job t r a i n i n g  (0- j - t )  i n  c a t a l o g u i n g  and 
d a t a  management. 

3. A GROD-designated d e g r e e - t r  a i n e d  D j  i b o u t i a n  
s o i l  s c i e n t i s t  w i l l  r e c e i v e  "0-j-t" i n  so i l  
s a m p l i n g  and  a n a l y s i s ,  mapping and  r e p o r t i n g .  

f .  I d e n t i f y  two  c a n d i d a t e s  f o r  s p e c i a l i z e d  U. S. or 
t h i r d  c o u n t r y  short-term t r a i n i n g  i n  areas: r e l a t e d  t o  s o i l  
a n a l y s e s ,  a n d  water q u a l i t y  t e s t i n g .  

g .  Based upon p r o j e c t  soi ls  and water a c t i v i t i e s  and 
o t h e r  e x i s t i n g  d a t a :  

Deve lop  c o m p r e h e n s i v e  so i l s  r e p o r t s .  Geo- 
g r a p h i c a l  areas s t u d i e d  b y  o t h e r  d o n o r s  and 
t h e    on tractor/^^^ lab p e r s o n n e l  w i l l  be 
a n a l y z e d  i n  t e r m s  o f  so i l  d e p t h ,  s t r u c t u r e  
( s a l i n i t y ) ,  t e x t u r e ,  i n f i l t r a t i o n  and d r a i n a g e  
w i t h  s u b s e q u e n t  r ecommenda t ions  r e g a r d i n g  
v i a b i l i t y  o f  v a r i o u s  l a n d - u s e  o p t i o n s ,  i . e . ;  
i n t e n s i v e  i r r i g a t e d  v s .  r un -o f  f  a g r i c u l t u r e  
f o r  s e l e c t e d  c r o p s ,  c r o p p i n g  p a t t e r n s ,  
p a s t u r a g e  p o t e n t i a l .  Water r e s o u r c e  component  
w i l l  a d d r e s s  water q u a l i t y ,  i . e . ;  c h e m i c a l  
c o m p o s i t i o n  and  be s u p p o r t i v e  t o  other d o n o r s  ' 
e f f o r t s  t o  d e t e r m i n e  q u a n t i t y  o f  g round-  
s u r f a c e  w a t e r  i n  o r d e r  t o  d e v e l o p  
r ecommenda t ions  f o r  i t s  p o t e n t i a l  a p p l i c a t i o n  
f o r  human, a n i m a l  and a g r i c u l t u r e  u s e .  

2. To e x t e n t  d a t a  a v a i l a b l e ,  recommend i f  f u r t h e r  
i n v e s t m e n t  i n  t h i s  sector i s  w a r r a n t e d  b a s e d  
upon p r o j e c t  f i n d i n g s ,  as w e l l  as  a d d r e s s  t h e  
q u e s t i o n  o f  f u r t h e r  U.S .G.  i n v e s t m e n t  v i s - a -  
v i s  u p g r a d i n g  c a p a b i l i t i e s  w i t h i n  t h e  soi ls  
a n d  water l a b o r a t o r y  . (Appendix  A-7 c o n t a i n s  
e x c e r p t s  f rom t h e  R e s o u r c e s  Development 
A s s o c i a t e s  ' T e c h n i c a l  A s s i s t a n c e  C o n t r a c t .  ) 

2 .1 .4  T e c h n i c a l  A s s i s t a n c e  P r o g r e s s  

A l a b o r a t o r y  f o r  the p u r p o s e  o f  d e t e r m i n i n g  
water q u a l i t y ,  so i l  f e r t i l i t y  a n d  so i l  c h a r a c t e r i s t i c s  w a s  



e s t a b l i s h e d  i n  D j i b o u t i  w i t h  t e c h n i c a l  a s s i s t a n c e  f r o m  R e s o u r c e s  
Deve lopment  Associates a f i n a n c i a l  a n d  e q u i p n e n t  g r a n t  from the  
U n i t e d  S t a t e s  Agency for I n t e r n a t i o n a l  Deve lopment  (USAID) and 
w i t h  p e r s o n n e l  a n d  a d m i n i s t r a t i v e  a s s i s t a n c e  from the  M i n i s t r y  o f  
A g r i c u l t u r e  o f  D j i b o u t i .  The s u c c e s s f u l  c o m p l e t i o n  of t h i s  
l a b o r a t o r y  i s  a m a j o r  c o n t r i b u t i o n  t o  the d e v e l o p m e n t  o f  t h e  
l i m i t e d  s o i l  a n d  w a t e r  r e s o u r c e s  of t h i s  c o u n t r y .  

D u r i n g  t h e  t w o  y e a r s  a s s i g n e d  t o  es tabl ish 
t h e  l a b o r a t o r y ,  a r a t i o n a l  c o n c l u s i o n  h a s  b e e n  made a b o u t  the  
q u a n t i t y  a n d  q u a l i t y  of both t h e  so i l  and  water r e s o u r c e s  t o  m e e t  
p u b l i c ,  i n d u s t r i a l  a n d  a g r i c u l t u r a l  n e e d s .  I t  h a s  b e e n  
d e t e r m i n e d  t ha t  s u f f i c i e n t  w a t e r  a n d  s o i l  r e s o u r c e s  s u i t a b l e  for 
a g r i c u l t u r e  eltist t o  s u p p l y  m o s t  o f  the  c o u n t r y ' s  n e e d s .  

The b u i l d i n g  for t h e  l a b o r a t o r y  h a s  b e e n  
c o n s t r u c t e d ;  t h e  n e c e s s a r y  p e r m a n e n t  i n s t a l l a t i o n s  are  b e i n g  
made. The  t e s t i n g  e q u i p m e n t  h a s  b e e n  r e c e i v e d ,  the  c h e m i c a l s  a n d  
f i e l d  e q u i p m e n t  a re  o n  h a n d .  A s o i l  s c i e n t i s t  a n d  a l a b o r a t o r y  
t e c h n i c i a n  h a v e  b e e n  a s s i g n e d  a n d  are a t  work.  T r a i n i n g  i s  
cmple te  o n  f i e l d  c h a r a c t e r i z a t i o n  of so i l s ,  so i l  m a p p i n g  and  
c a r t o g r a p h y .  

T h e  l a b o r a t o r y  i s  a,  j o i n t  v e n t u r e -  b e t w e e n  
D j i b o u t i  a n d  the U.  S .  u n d e r  a n  a g r e e m e n t  e n t e r e d  i n t o  i n  A p r i l  
1979 .  I m p l e m e n t a t i o n  of t h e  p r o j e c t  w a s  d e l a y e d  f o r  v a r i o u s  
r e a s o n s  u n t i l  J u l y ,  1 9 8 0 .  S i n c e  t h a t  t i m e ,  a c t i v i t y  t o w a r d  the  
o b j e c t i v e  of a f u l l y - f u n c t i o n a l  so i l  a n d  w a t e r  l a b o r a t o r y  h a s  
i n c r e a s e d  s i g n i f i c a n t l y  . Dr. J o s e p h  Goebel a r r i v e d  t o  d i rec t  the  
l a b o r a t o r y  a n d  s o i l  i n v e s t i g a t i o n s .  Aboubaker D o u a l e ,  a d e g r e e -  
t r a i n e d  p e d o l o g i s t  was  a s s i g n e d  t o  assume r e s p o n s i b i l i t y  for the 
l a b o r a t o r y .  A l a b o r a t o r y  t e c h n i c i a n ,  F a r a h  O m a r ,  h a s  b e e n  
a s s i g n e d  t o  d o  the s o i l  and  w a t e r  a n a l y s i s .  F i n a l  c o n s t r u c t i o n  
of the p e r m a n e n t  l a b o r a t o r y  f a c i l i t i e s  c o n t i n u e d  u n t i l  J a n u a r y ,  
1 9 8 2 ,  when the e q u i p m e n t  was  i n s t a l l e d  a n d  t r a i n i n g  f o r  s p e c i f i c  
a n a l y s i s  b e g a n .  I n  the  mean t ime ,  a s s e s s m e n t  of t h e  D j i b o u t i a n  
s o i l s  a n d  s o i l  m o r p h o l o g y ,  c l a s s i f i c a t i o n  a n d  c a r t o g r a p h y  b e g a n .  

2 . 1 . 5  L e g a l  S t a t u s  of the  S o i l s  a n d  Water -- 
A n a l y s i s  L a b o r a t o r y  

On 29  A p r i l  1982 ,  the P r e s i d e n t  of t h e  
R e p u b l i c  of D j i b o u t i  s i g n e d  a l a w  w h i c h  e s t a b l i s h e d  the  S o i l s  a n d  
Water A n a l y s i s  L a b o r a t o r y  as  a r e l a t i v e l y  au tonomous  o r g a n i z a t i o n  
r e p o r t i n g  d i r e c t l y  t o  the M i n i s t r y  of A g r i c u l t u r e  a n d  Rur a1 
Deve lopment .  The l a w  d e f i n e s  p e r s o n n e l  p o s i t i o n s ,  a u t h o r i t y ,  a n d  
b u d g e t .  Appendix  B c o n t a i n s  a c o p y  of t ha t  l a w .  

2 . 2  R e p o r t i n g  

R e p o r t i n g  i n  th i s  project h a s  t a k e n  many f o r m s .  
I n i t i a l  r e p o r t i n g  r e q u i r e m e n t s  i n c l u d e d  Q u a r t e r l y  R e p o r t s ,  A n n u a l  
Work P l a n s  a n d  a F i n a l  R e p o r t .  The  Q u a r t e r l y  R e p o r t s  are 
c o n t a i n e d  i n  Append ix  C-1: t he  A n n u a l  Work P l a n s  i n  Append ix  C-2. 
I n  a d d i t i o n ,  a S t a t u s  R e p o r t  w a s  submitted t o  USAID d u r i n g  the  



course of the  projec t .  This repor t  i s  contained i n  Appendix C-3. 
A spec ia l  Status Paper was submitted, upon request ,  t o  t he  
Minister of Agriculture.  This repor t  i s  contained i n  Appendix 
C-4. The USAID Mid-Project Evaluation i s  contained i n  Appendix 
C-5. 

During the  course of t he  p ro jec t ,  t h e  United Nations 
requested a  s o i l  survey repor t  on two specia l  locat ions  
i den t i f i ed  as s i t e s  for refugee set t lement .  These repor t s  a re  
contained i n  Appendix C-6. Reports were completed on t he  
1 : l o o ,  000 and 1: 25,000 s o i l  survey inves t igat ions .  A specia l  
r epor t  was wri t ten  on the  water qua l i t y  of the  agr icu l tu ra l  wells 
i n  Hournbouli and Douda. A repor t  was wr i t t en  on the  areas of 
land occuring i n  each of the  seven major slope ca tegor ies  and the  
a reas  of each of t h e  watershed areas.  A spec ia l  report  was a l so  
wr i t t en  for  the  Minister of Agricul ture t o  explain t he  
ag r i cu l tu r a l  resources of Djibouti .  



3.0 WATER RESOURCES AND SOILS ANALYSIS PROJECT 

Technical ass is tance for the Djiboutian "Water Resources and 
Soi ls  Analysis Project" has focused on two general areas of 
e f f o r t .  The f i r s t  was the  establishment of a  chemical analysis  
laboratory t o  appropriately analyze both s o i l  and water samples 
collected within Djibouti. Th i s  e f f o r t  included the physical 
set-up of the  laboratory and the t ra ining of laboratory personnel 
i n  proper laboratory procedures, t e s t ing  methods and management 
of the  f a c i l i t y .  

The second major area of e f f o r t  was the mapping of the  s o i l s  
of  Djibouti. This e f f o r t  included iden t i f i ca t ion  and 
c l a s s i f i ca t ion  of these s o i l s ,  mapping of t he i r  a r ea l  extent ( a t  
several scales and i n  various levels  of d e t a i l )  and t ra in ing  i n  
t he  . appropr i a t e  techniques and procedures t o  accomplish the  
above. 

3.1 Approach and Summary - of Act iv i t i es  

The Soi l s  and Water Laboratory s t a f f  have: 

a )  the equipment and technical exper t ise  t o  
independently analyze a l l  water and s o i l  types i n  
Djibouti, 

b )  the necessary data upon which t o  base 
recommendations for the s o i l  and water use i n  crop 
production and provide guidance for subsequent s o i l  
and water resource analyses i n  the  f i e l d ,  

c )  undertaken a  s o i l  inventory and developed a  land 
c l a s s i f i ca t ion  system on a  general sca le  and i n  
selected p r io r i ty  areas. 

I n  order t o  accomplish the  foregoing, t he  followinq was 
necessary: 

a )  A s o i l  and water data col lect ion system was 
established with an appropriate information form. 

b)  A system was established t o  disseminate the s o i l s  
and water data t o  other Djiboutian Government 
agencies and private and donor in s t i t u t ions .  

c )  The exist ing and past s o i l  and water data were 
co l la ted ,  placed i n  the l ib ra ry  and applied during 
the  project  and t o  the extent possible, data 
col lect ion a c t i v i t i e s  of other agencies were 
incorporated. 



d )  The D j i b o u t i a n  p e r s o n n e l  were prov ided  t r a i n i n g  i n  
s o i l  chemica l  a n a l y s e s ,  d e s c r i p t i o n ,  c l a s s i -  
f  i c a t i o n ,  mapping, i n t e r p r e t a t i o n ,  i n v e n t o r y  and 
r e p o r t i n g .  

e )  The D j i b o u t i a n  p e r s o n n e l  r e ce ived  t r a i n i n g  i n  w a t e r  
q u a l i t y  a n a l y s i s  and r e p o r t i n g .  

f  ) The p r o j e c t  p e r s o n n e l  and D j i b o u t i a n  c o u n t e r p a r t s  
have  under taken  s o i l  s t u d i e s  of  t h e  so i ls  
c o n d i t i o n s  f o r  r ange l and  and i r r i g a t e d  c rop l and  on 
b o t h  a  g e n e r a l  n a t i o n a l  i nven to ry  and i n  s e v e r a l  
s e l e c t e d  p r i o r i t y  a g r i c u l t u r a l  s i t e s .  

g )  S i n c e  no 1:10,000 o r  1:50,000 s c a l e  b a s e  maps e x i s t  
f o r  D j i b o u t i ,  and t h e r e  a r e  n e i t h e r  pe r sonne l ,  t i m e  
n o r  equipment t o  make b a s e  maps, t h e  n a t i o n a l  s o i l s  
i n v e n t o r y  was conducted on t h e  best se t  of 
t o p o g r a p h i c  maps a v a i l a b l e  a t  1:100,000 s c a l e .  

h )  Without  a  b a s i c  l a n d  survey t o  a c c u r a t e l y  l o c a t e  
f e a t u r e s  found on an  a e r i a l  photograph t o  t h e  b a s e  
map (1 :100 ,000) ,  t h e  l a r g e  s c a l e  (1:25,000) maps of  
h i g h  p r i o r i t y  a r e a s  were made d i r e c t l y  on a e r i a l  
photographs .  

i )  Because t h e  combined s o i l  and wa t e r  p o t e n t i a l  f o r  
p o s s i b l e  a g r i c u l t u r a l  s i tes  were n o t  e s t a b l i s h e d ,  
t h e  h igh  p r i o r i t y  s i tes  were e v a l u a t e d  l a t e r  i n  t h e  
p r o j e c t  based  on e s t a b l i s h e d  a g r i c u l t u r a l  
c a p a b i l i t y .  I n  t h i s  way, v a l u a b l e  t i m e  was n o t  
was ted  on a r e a s  w i t h o u t  e i t h e r  s o i l  or w a t e r  
r e sou rce s .  

j )  S o i l  samples from t h e  p r e s e n t  a g r i c u l t u r a l  p r o j e c t s  
were t e s t e d  a s  soon a s  t h e  l a b o r a t o r y  f a c i l i t i e s  
a n d  p r o c e d u r e s  p e r m i t t e d  a c c u r a t e  a n a l y s e s .  
P r e l i m i n a r y  recommendations f o r  s o i l  amendments 
and p r a c t i c e s  w e r e  made t o  t h e  f u l l e s t  e x t e n t  
p r a c t i c a b l e .  

I n d i c a t i o n  t h a t  t h e  fo r ego ing  was s a t i s f a c t o r i l y  
a t t a i n e d  was p rov ided  by t h e  fo l lowing :  

b )  F i e l d  su rvey  and t e s t i n g  methods have  been 
deve loped  such  t h a t  a  s m a l l - s c a l e  1: 100,000 
n a t i o n a l  so i ls  map was developed t o  be used i n  
s e l e c t i n g  p o t e n t i a l  a g r i c u l t u r a l  sites and 
r ange l and  management c a p a b i l i t y .  

b )  A procedure  was e s t a b l i s h e d  t o  me thod i ca l l y  cove r  
t h e  a r e a s  of h i g h e s t  p r i o r i t y  d u r i n g  t h e  ensu ing  
f i v e  o r  s i x  y e a r s .  



c )  S o i l  s u r v e y  and  a n a l y s e s  f o l l o w e d  p r a c t i c e s  which  
p e r m i t t e d  t h e  u s e  o f  e x i s t i n g  or p l a n n e d  s a t e l l i t e  
a n d  a e r i a l  image ry  f o r  f u t u r e  e v a l u a t i o n  and  
m o n i t o r i n g  o f  t h e  l and -use .  

d )  S a t e l l i t e  image ry  a n d  a e r i a l  p h o t o g r a p h s  w e r e  u s e d  
t o  c o n s t r u c t  t h e  n a t i o n a l  so i l s  map so f u t u r e  
imagery  of t h i s  t y p e  w i l l  be e a s i l y  c o r r e l a t e d  t o  
t h e  soi ls  map a n d  t h e  m u l t i t u d e  o f  d e t a i l  
a s s o c i a t e d  w i t h  s u c h  a r e p o r t .  

e )  A random i n v e n t o r y  based on  a sample  o f  1 , 0 0 0  one- 
s q u a r e - k i l o m e t e r  p l o t s  w a s  e s t a b l i s h e d  t o  be u s e d  
as  an  a g r i c u l t u r a l  a n d  r a n g e l a n d  n e e d s  i n v e n t o r y  so 
s p e c i f i c  s a m p l i n g  a n d  d e t a i l e d  a n a l y s e s  c o u l d  be 
d i r e c t e d  t o  s p e c i f i c  areas which r e f l e c t  r e l a t i v e  
n a t i o n a l  i m p a c t .  The data  d e r i v e d  f rom t h e s e  p l o t s  
would  s e r v e  i n  s a t e l l i t e  imagery  i n t e r p r e t a t i o n ,  
r e s o u r c e s  i n v e n t o r y ,  p r o d u c t i o n  estimates and  
p r o v i d e  d a t a  f o r  economic  e v a l u a t i o n .  

f )  Map u n i t s  were e s t a b l i s h e d  w i t h  a p p r o p r i a t e  s o i l  
c l a s s i f i c a t i o n ,  r e l y i n g  o n  f i e l d  d a t a ,  l a b o r a t o r y  
r e p o r t s  a n d  o t h e r  i n f o r m a t i o n  s o u r c e s .  

g )  The l a b o r a t o r y  w a s  e q u i p p e d  a n d  d e v e l o p e d  t o  t h e  
p o i n t  t h a t  so i l  t e s t i n g  r e q u i r e m e n t s  c o u l d  be 
i n d e p e n d e n t l y  h a n d l e d  t h e r e i n .  

3 . 1 . 1  L a b o r a t o r y  R e q u i r e m e n t s  

D j i b o u t i a n  p e r s o n n e l  were t o  c o n d u c t  t h e  
f o l l o w i n g  s o i l  f e r t i l i t y  tests: n i t r o g e n ,  phosphorous ,  
p o t a s s i u m ,  o r g a n i c  c a r b o n ,  c a l c i u m ,  c a r b o n a t e  e q u i v a l e n c e ,  pH, 
b o r o n  a n d  sodium a n d  o t h e r  n e c e s s a r y  m i c r o n u t r i e n t s .  The  more 
s p e c i f i c  a n a l y u s e s  would  i n c l u d e  c a t i o n  exchange  c a p a c i t y ,  t o t a l  
base s a t u r a t i o n  a n d  e l e c t r i c a l  c o n d u c t i v i t y .  

T h e  s o i l  p h y s i c s  t e s t s  w h i c h  we re  t o  be 
p r o v i d e d  by t h e  l a b o r a t o r y  i n c l u d e d  b u l k  d e n s i t y ,  s o i l  s t r u c t u r e ,  
a n d  p a r t i c l e  s i z e  a n a l y s e s .  The  equipment  w a s  n o t  t o  be 
f u r n i s h e d  f o r  t e s t i n g  water h o l d i n g  c a p a c i t y ,  water i n f i l t r a t i o n ,  
p l a s t i c i t y  i n d e x ,  o r  s h e a r  s t r e n g t h .  T h e s e  c o u l d  be estimated 
f rom o t h e r  d a t a  a c q u i r e d  by t h e  l a b o r t o r y .  

The  n e e d e d  equ ipmen t ,  , c h e m i c a l s  a n d  
t r a n s p o r t a t i o n  were t o  be f u n d e d  by t h e  U .  S .  O t h e r  commodi t ies  
deemed c r i t i c a l  f o r  t h i s  p r o j e c t  w e r e  t o  be f o r t h c o m i n g  f rom t h e  
D j i b o u t i a n  Government a n d  o t h e r  d o n o r  a g e n c i e s .  T h i s  i n c l u d e d  
b u i l d i n g s ,  f a c i l i t i e s ,  p e r s o n n e l  a n d  h y d r o l o g i c  f i e l d  s u p p o r t .  
T h e  l a y o u t  f o r  t h e  l a b o r a t o r y  w a s  t o  be drawn o u t  and  t h e  
l a b o r a t o r y  so c o n s t r u c t e d .  

A u s e r  s e r v i c e  w a s  t o  be e s t a b l i s h e d  t o  
i n c l u d e  G e n i e  R u r a l ,  A g r i c u l t u r e  S e r v i c e ,  ICERST, P u b l i c  Works, 



v o l u n t e e r  o r g a n i z a t i o n s  and p r i v a t e  i n d i v i d u a l s .  T h e s e  p e o p l e  
w e r e  t o  p r e s e n t  s o i l  and w a t e r  s a m p l e s  d i r e c t l y  t o  t h e  l a b o r a t o r y  
accompanied  by a  form g i v i n g  r e l e v a n t  i n f o r m a t i o n  a b o u t  t h e s e  
s a m p l e s .  The l a b o r a t o r y  w s  t o  collect  t h e  s a m p l e  and r e l e v a n t  
i n f o r m a t i o n  f o r  the  u s e r .  The u s e r  was t h e n  t o  r e c e i v e  t h e  
r e s u l t s  o f  t h e  a n a l y s e s  and  any  a p p r o p r i a t e  and p r a c t i c a l  
i n t e r p r e t a t i o n .  The r e s u l t s  were t o  be s t o r e d  and used  i n  f u t u r e  
a s s e s s m e n t s  of the  s t a t u s  and  u s e s  o f  D j i b o u t i a n  so i ls .  I t  was 
e x p e c t e d  t h a t  u s e r s  would f u r n i s h  i n f o r m a t i o n  o n  the p r a c t i c a l  
r e s u l t s  o f  l a b o r a t o r y  recommendat ions  so t h a t  f u r t h e r  
r ecommenda t ions  c o u l d  be more r e f i n e d .  A s y s t e m  was t o  be 
d e s i g n e d  t o  accommodate the f l o w  o f  i n f o r m t i o n  t o  and f r o m  t h e  
f i e l d .  

A t e c h n i c a l  l i b r a r y  was t o  be e s t a b l i s h e d  and 
s t o c k e d  w i t h  r e l e v a n t  t e x t s ,  manua l s  and j o u r n a l  s u b s c r i p t i o n s  i n  
t h e  f i e l d s  o f  s o i l  s c i e n c e ,  h y d r o l o g y ,  g e o l o g y ,  w a t e r  r e s o u r c e s ,  
p l a n n i n g  and l a n d - u s e  management. A l l  past and  p r e s e n t  
i n f o r m a t i o n ,  maps, s t u d i e s  and r e p o r t s ,  s p e c i f i c  t o  D j i b o u t i  w e r e  
t o  be c a t a l o g u e d .  This was t o  be an  o n g o i n g  e f f o r t ,  e x t e n d i n g  
beyond t h e  p r o j e c t ' s  l i f e t i m e .  

T r a i n i n g  R e q u i r e m e n t s  

S e v e r a l  t y p e s  o f  on - the - job  t r a i n i n g  w e r e  t o  
be g i v e n  by  t h e  t e c h n i c a l  a d v i s o r  t o  t h e  D j i b o u t i a n  p e r s o n n e l .  
They i n c l u d e d  the f o l l o w i n g  : 

a .  A Dj i b o u t i a n - d e s i g n a t e d  l a b o r a t o r y  a s s i s t a n t  
( F a r a h  Omar) was t o  be t r a i n e d  i n  w a t e r  q u a l i t y  
t e s t i n g  f o r  t h e  f o l l a w i n g  tests: sodium,  c a l c i u m ,  
magnesium, manganese,  i r o n ,  aluminum, s i l i c o n ,  
potassium, phosphorous ,  b o r o n ,  c h l o r i n e ,  s u l f a t e s ,  
c a r b o n a t e s  and n i t r a t e s  and  others t h a t  w e r e  
deemed n e c e s s a r y .  

b. The W e s t  German T e c h n i c a l  A s s i s t a n c e  team would 
t r a i n  a D j i b o u t i a n  h y d r o l o g i s t  i n  w e l l - l o g g i n q  
i n t e r p r e t a t i o n ,  a q u i f e r  r e c o n n a i s s a n c e ,  s t r  earn 
g a u g i n g ,  m e t e o r o l o g i c a l  and g e n e r a l  h y d r o l o g i c a l  
t e c h n i q u e s  and d a t a  management. This h y d r o l o g i s t  
would s u p e r v i s e  t h e  l a b o r a t o r y  a s s i s t a n t s  o n  water 
q u a l i t y  t e s t i n g .  

c.  A D j i b o u t i a n  t e c h n i c i a n  was t o  be t r a i n e d  i n  
c a t a l o g u i n g  and d a t a  management, i n c l u d i n g  
e q u i p m e n t  and m a t e r i a l s  i n v e n t o r y  a s  w e l l  a s  
t e c h n i c a l  c o r r e s p o n d e n c e  and r e p o r t s .  

d .  A D j  i b o u t i a n - d e s i g n a t e d  d e g r e e - t r  a i n e d  so i ls  
s c i e n t i s t  w a s  t o  r e c e i v e  on - the - job  t r a i n i n g ,  i n  
s o i l s  d e s c r i p t i o n ,  morphology,  c l a s s i f i c a t i o n ,  
c a r t o g r a p h y ,  r e p o r t i n g ,  i n t e r p r e t a t i o n  and 
c h e m i c a l  a n a l y s e s .  H e  w i l l  assist t h e  l a b o r a t o r y  
a s s i s t a n t  i n  soi l  a n a l y s e s .  



e. T h e r e  w e r e  t o  be two c a n d i d a t e s  i d e n t i f i e d  for 
t r a i n i n g  i n  t h e  U.S. o r  a t h i r d  c o u n t r y .  W h i l e  
m o s t  short-term t r a i n i n g  w a s  p r e s e n t e d  a s  on - the -  
job t r a i n i n g ,  some f u r t h e r  s t r u c t u r e d  t r a i n i n g  w a s  
a d v i s a b l e  for the  c a n d i d a t e s .  A t  l e a s t ,  s i x  
m o n t h s  s h o u l d  be s p e n t  b y  t he  l a b o r a t o r y  a s s i s t a n t  
i n  a f u n c t i o n i n g  l a b o r a t o r y  s u c h  as  t h e  S.C.S. 
l a b o r a t o r y  i n  L i n c o l n ,  Neb ra ska ,  and  the  U .  S .G. S .  
Water L a b o r a t o r y  i n  Denver ,  C o l o r a d o .  The  
p e d o l o g i s t  w i l l  need  t w o  y e a r s  of p o s t - g r a d u a t e  
t r a i n i n g  i n  s o i l  c h e m i s t r y  t o  a s s u r e  t h a t  h e  h a s  
enough  formal backg round  t o  s o l v e  p r o b l e m s  t h a t  
w i l l  a r i s e  a f t e r  t h e  c o m p l e t i o n  of t h e  project .  

3 .1 .3  S o i l  S u r v e y  R e q u i r e m e n t s  

Based  upon project so i l s  and  water a c t i v i t i e s  
a n d  o t h e r  e x i s t i n g  data,  t h i s  p r o j e c t  w a s  t o  d e v e l o p  compre-  
h e n s i v e  reports o n  t h e  n a t i o n a l  so i l s  i n v e n t o r y  t o  be used  i n  t h e  
l o c a t i o n  of a g r i c u l t u r a l  s i t es  and t h e  e v a l u a t i o n  of r a n g e l a n d  
p o t e n t i a l .  

G e o g r a p h i c  areas s t u d i e d  by  t h i s  a n d  o t h e r  
p r o j e c t s  were t o  be a n a l y z e d  i n  terms o f  s o i l  d e p t h ,  s t r u c t u r e ,  
s a l i n i t y ,  t e x t u r e  and  d r a i n a g e  w i t h  s u b s e q u e n t  r e c o m m e n d a t i o n s  
r e g a r d i n g  v i a b i l i t y  of v a r i o u s  l a n d - u s e  o p t i o n s  t o  i n c l u d e  
i n t e n s i v e  i r r i g a t e d  r o w  c r o p s ,  i r r i g a t e d  p a s t u r e ,  r a n g e l a n d  a n 6  
b r u s h l a n d  i n c l u d i n g  c r o p p i n g  p a t t e r n s ,  p a s t u r  e and  r a n q e  
p o t e n t i a l .  This w a s  t o  be a c c o m p l i s h e d  w i t h  maps,  t a b l e s ,  
d i a l o g u e  and  l a b o r a t o r y  r e s u l t s .  

The  water r e s o u r c e  component  w a s  t o  a d d r e s s  
water q u a l i t y  b a s e d  o n  c h e m i c a l  c o m p o s i t i o n  and c o n d u c t i v i t y .  
T h i s  t e s t i n g  w i l l  be s u p p o r t i v e  o f  other  d o n o r s '  e f f o r t s  t o  
d e t e r m i n e  t h e  q u a l i t y  of g round  and  surface water for human, 
a n i m a l  a n d  a g r i c u l t u r a l  u s e .  

Recommendat ions  c o n c e r n i n g  f u r t h e r  i n v e s t m e n t  
i n  t h e  a g r i c u l t u r a l  sector were t o  be b a s e d  o n  the  a v a i l a b l e  
d a t a .  If f u r t h e r  i n v e s t m e n t  w a s  w a r r a n t e d  t h e  q u e s t i o n  of 
f u r t h e r  U .  S. c o o p e r a t i o n  by  way of u p g r a d i n g  t h e  c a p a b i l i t i e s  i n  
t h e  l a b o r a t o r y  would be a s s e s s e d .  A t  t h e  end of t h i s  p r o j e c t  t b e  
l a b o r a t o r y  w a s  t o  be able t o  p e r f o r m  a l l  r o u t i n e  s o i l  and  water 
a n a l y s e s .  and  s o i l  i n v e s t i g a t i o n s  o n  i t s  own r e c o g n i z a n c e .  

3 . 1 . 4  T e c h n i c a l  A s s i s t a n c e  A c t i v i t i e s  

I n  order t o  implement  t h i s  p r o j e c t ,  t h e  
a d v i s o r  p e d o l o g i s t  w a s  t o  a c c o m p l i s h  t h e  f o l l o w i n g :  

H e  w a s  t o  f a c i l i t a t e  e q u i p p i n g  t h e  S o i l s  and  
Water L a b o r a t o r y  b y  d o i n g  t h e  d e s i g n ,  l a y o u t ,  e q u i p m e n t  



inventory,  and i n s t a l l a t i o n  of equipment, t e s t i n g  for  
s e rv i ceab i l i t y ,  determine sample flow, decide on t e s t i n g  
procedures and techniques and organize t he  laboratory i n t o  a  
smooth flow of samples, t e s t  r e s u l t s  and recommendat ions. 

He was t o  develop an Annual Work Plan for  t he  
laboratory with t he  ass i s t ance  of the  Dj iboutian a s s i s t a n t s .  
S o i l  r epor t s  were t o  be provided. 

The advisor pedologist  was t o  conduct family 
u n i t  and d e t a i l  sca le  surveys of po t en t i a l  o r  ex i s t ing  garden 
a reas  where management, i r r i g a t i o n  techniques, r  eclarnation 
procedures, crops and drainage have t o  be adapted t o  s o i l  
condit ions and water qua l i t y  and a v a i l a b i l i t y .  This was t o  
include a  s o i l  charac te r i za t ion  and descr ip t ion  for each s i t e .  
Since t he  400 or so gardens average about 0.25 hec ta res ,  maps a t  
any s ca l e  would not be re leven t ,  so a  verbal descr ip t ion  of t he  
s o i l s  and t he  geomorphology were t o  be made and recorded for each 
farm. A large-scale  map on a e r i a l  photos of t h e  garden region 
was t o  be made when the  s o i l s  of t he  country a r e  understood and 
t h e i r  r e l a t i onsh ip  t o  t he  garden a rea  i s  understood. The order 
of  p r i o r i t y  was t o  include Moulud, Douduballa, Forage Gran Bara, 
Hourribouli, and Atar among o thers .  Service a t  t h i s  s ca l e  was t o  
be considered a  personal s e rv i ce  t o  land-users. 

S o i l  surveys were t o  be made a t  a  medium- 
s c a l e  of  1:25,000 ( t h e  s ca l e  of  t h e  a e r i a l  photos) because t h e r e  
were not s u f f i c i e n t  1: 50,000 s c a l e  base maps t o  provide proper 
con t ro l  i n  report ing t he  survey. I t  was t oo  time-consuming and 
cos t ly  t o  make impromptu base maps. The s o i l s  a reas  would be 
more accurately recorded d i r e c t l y  on a e r i a l  photographs which 
could subsequently be re fe r red  t o  for  land evaluat icn.  This 
s c a l e  of mapping was t o  be used on major p la ins  and other areas 
i den t i f i ed  as  having both a  s o i l  and water po t en t i a l .  These were 
t o  include t he  Gobaad, Hanle, Tadjoura, A t a r t  Obock and places 
s ca t t e r ed  from E l i  Sabieh t o  Dorra. A s o i l s  map was not t o  be 
developed u n t i l  an area was s tudied s u f f i c i e n t l y  t o  ve r i fy  that 
i t  had both qua l i ty  s o i l s  and water, above t he  needs of t he  loca l  
inhab i tan t s  and t h e i r  l ives tock ,  t o  support i r r i g a t i o n  
agr icu l tu re .  Then, only t h a t  por t ion  which could be iden t i f i ed  
a s  productive would be surveyed t o  conserve e f f o r t s  and t o  focus 
a t t e n t i o n  on areas which could be productive. Because of t h e  
sca t t e red  r a i n f a l l  and t he  various drainage conditions and 
configurat ions,  agr icul tur  e  w i l l  probably consis t  of many small 
sca t t e red  p lo t s  throughout t he  country instead of one area of 
concentrated e f f o r t .  

A plan for  a  1:100,000 s ca l e  survey was 
developed t o  give Djibouti  i t s  f i r s t  nat ional  s o i l s  inventory. 
This inventory would serve a s  a  b a s i s  for r a t i ona l l y  determining 
high p r i o r i t y  areas for  agr icu l tu re .  This plan would a lso  serve 
for  rangeland management. The map sca l e  of 1:200,000 was 
r e j ec t ed  because the  topographic con t ro l  was considerably b e t t e r  
a t  t he  la rger  sca le .  Further,  t h e r e  were too few maps ava i l ab le  



a t  1 :50 ,000  ( o n e  s h e e t  o n l y )  t o  d o  a s u r v e y  a t  t h e  s c a l e .  
T h e r e f o r e ,  a scale o f  1: 1 0 0 , 0 0 0  r e p r e s e n t e d  t h e  best a v a i l a b l e  
map. Enough c o u l d  be r e p r e s e n t e d  a t  t h i s  s c a l e  t o  g i v e  a l l  t h e  
i n f o r m a t i o n  needed  i n  p l a n n i n g  and so i l s  i n v e n t o r y  e v a l u a t i o n  
u n t i l  s p e c i f i c  s i t e  maps were made a t  1 : 2 5 , 0 0 0 .  T h i s  i n v e n t o r y  
was  begun w h i l e  t h e  l a b o r a t o r y  w a s  b e i n g  c o m p l e t e d .  I t  a l s o  
p r o v i d e d  s o i l  s a m p l e s  and  s o i l  d e s c r i p t i o n s  wh ich  were t o  be u s e d  
f o r  p r a c t i c e  i n  l a b o r a t o r y  t r a i n i n g .  The s u r v e y  was t o  p r o v i d e  
basic i n f o r m a t i o n  o n  u p l a n d s  and  s t r a t i f y  s o i l  env i r , onmen t s  
a c c o r d i n g  t o  t h e i r  p o t e n t i a l  f o r  g r a z i n g ,  c a r r y i n g  c a p a c i t y ,  e t c .  

R e p o r t s  o n  t h e  a b o v e  s u r v e y s  w e r e  t o  be 
p r e p a r e d  w i t h  accompanying  l a n d - u s e  r ecommenda t i ons .  T h i s  was  t o  
i n c l u d e  s o i l  f a m i l y  l e v e l  d e s c r i p t i o n  of so i l s  a t  t h e  i n d i v i d u a l  
g a r d e n  l e v e l .  I t  w a s  t o  i n c l u d e  t h e  r e c o g n i t i o n  so i l  s u b g r o u p s  
a t  t h e  i n t e r m e d i a r y  l e v e l  o f  a scale o f  1 :25 ,000 .  -It was a l so  t o  
i n c u d e  s o i l  Great  Group s u b d i v i s i o n s  a t  t h e  g e n e r a l  s o i l  
i n v e n t o r y  o n  t h e  n a t i o n a l  l e v e l .  

Land-use  r ecommenda t i ons  for t h e  f o r  e a o i n g  
areas s u r v e y e d  w a s  t o  be d e v e l o p e d  r e l y i n g  p r i n c i p a l l y  upon f i e l d  
e s t i m a t e s  t o  d e t e r m i n e  p e r m e a b i l i t y  and  i n f i l t r a t i o n  i n  a r e a s  
w h e r e  i r r i g a t i o n  w a s  p l a n n e d ,  and  a l so  l a b o r a t o r y  a n a l y s i s .  t o  
d e t e r m i n e  t e x t u r e ,  pH, o r g a n i c  c a r b o n ,  e l ec t r i c  c o n d u c t i v i t y ,  
t o t a l  base s a t u r a t i o n ,  c a t i o n  e x c h a n g e  c a p a c i t y ,  b u l k  d e n s i t y ,  
b o r o n  and  o t h e r  r e l e v a n t  i n d i c a t o r s .  

I t  w a s  t o  be d e t e r m i n e d ,  as  e a r l y  a s  
p o s s i b l e ,  t h a t  t h e  e x t e n t  t o  wh ich  t h e  s o i l s  and  w a t e r  l a b o r a t o r y  
c o u l d  s a t i s f y  t h e  above  r e q u i r e m e n t s ,  and  whe re  i t  was d e t e r m i n e d  
t h a t  i t  i s  u n a b l e  t o  d o  so, a s s i s t a n c e  would be d e v e l o p e d  o u t s i d e  
D j i b o u t i  wh ich  c o u l d  p e r f o r m  t h e  a n a l y s e s .  A s s i s t a n c e o f  t h i s  
t y p e  c o u l d  be e x p e c t e d  f o r  c l a y  m i n e r o l o g y  a n a l y s e s ,  some x - r a y  
d i f f r a c t i o n  a n a l y s e s  f o r  s e l e c t e d  s o i l  m i n e r a l s ,  and  c e r t a i n  r a r e  
m i c r o n u t r i e n t s .  T h i s  a s s i s t a n c e  c o u l d  p r o b a b l y  be o b t a i n e d  f r o m  
t h e  O v e r s e a s  T e c h n i c a l  S c h o o l  i n  F r a n c e .  

W o r k - r e l a t e d  t r a i n i n g  f o r  the  M i n i s t r y  o f  
Agr i c u l u r  e ' s  D j  i b o u t i a n  d e g r e e - t r a i n e d  p e d o l o g i s t  a s s i g n e d  as  
Director o f  t h e  S o i l s  and  Water  L a b o r a t o r y  w a s  t o  be p r o v i d e d .  
T h i s  i n c l u d e d  t r a i n i n g  i n  s o i l  d e s c r i p t i o n ,  c l a s s i f i c a t i o n  and 
c a r t o g r a p h y .  I t  w a s  t o  i n c l u d e  s o i l  c h e m i c a l  a n a l y s e s  and  
p r o c e d u r e s  as w e l l  as s o i l  r e p o r t s .  T r a i n i n g  was  a lso t o  be 
g i v e n  o n  managing t h e  l a b o r a t o r y ,  m a i n t a i n i n g  q u a l i t y  c o n t r o l  and 
r e c o m m e n d a t i o n s  b a s e d  o n  t h e  a n a l y s e s  and  t h e  soils i n v e n t o r y .  

W o r k - r e l a t e d  t r a i n i n g  f o r  t h e  l a b o r a t o r y  
a s s i s t a n t  i n  s o i l  c h e m i c a l  a n a l y s e s  t o  be p r o v i d e d  was t o  i n c l u d e  
n i t r o g e n ,  p h o s p h o r o u s ,  p o t a s s i u m ,  o r g a n i c  c a r b o n a t e  e q u i v a l e n t ,  
t o t a l  base s a t u r a t i o n ,  c a t i o n  e x c h a n g e  c a p a c i t y ,  m i c r o n u t r  i e n t s ,  
sod ium,  b o r o n ,  c h l o r i n e  and  e l ec t r i ca l  c o n d u c t i v i t y .  T h e r e  was 
a l so  t o  be t r a i n i n g  i n  b u l k  d e n s i t y ,  t e x t u r a l '  a n a l y s e s  and 
m i n e r a l  i d e n t i f i c a t i o n .  The l a b o r a t o r y  a s s i s t a n t  w a s  a l s o  t o  
l e a r n  t o  t e s t  water q u a l i t y  for sod ium,  p o t a s s i u m ,  c a l c i u m ,  



magnesium, phosphorous, iron, aluminum, s i l i con ,  chloride, 
su l f ide ,  n i t r a t e  and carbonate and any other appropriate 
analyses. He was further t o  become acquainted with s o i l  and 
water f i e ld  procedures. 

A baseline of ground t r u t h  was t o  be 
developed from 1,000 random samples. I t  was t o  be integrated 
with present and planned s a t e l l i t e  and ae r i a l  photographs t o  
develop a data base for comparison with future imagery for time- 
lapse analyses. 

Soi l  sample col lect ion and analyses 
a c t i v i t i e s  were t o  be coordinated with other donors a s  desired by 
Djiboutian Government-designated p r io r i t i e s .  The Government of 
Djibouti, the  Ministry of Agriculture and U S A I D  were t o  be 
informed on the  quarterly progress of project  a c t i v i t i e s .  I t  was 
expected t h a t  the  a t tent ion of the Djiboutian Government and 
U S A I D  t o  any problems or shor t f a l l s  a s  a r e s u l t  of possible 
insuf f ic ien t  manpower, t raining complications, commodity 
deficiencies,  donor coordination, e t c . ,  would be sought. 
Finally,  the r e s u l t s  of t h i s  project were t o  be synthesized i n  a 
f i n a l  report .  

3.2 Soi l s  - and Water Laboratory - Progress and Results - - 
The Soi ls  and Water Laboratory i s  organized in to  four 

sections with appropriate subsections as  outlined on the  
Organization Chart, Figure 2. A t  present, only two individuals 
a r e  assigned full-time t o  the lab. These individuals a re  Mr. 
Aboubaker Douale, Chief of the  Lab, and Mr. Farah Omar , Soil  
Survey and Laboratory Technician. 

To f a c i l i t a t e  recognition of progress i n  the  work for 
the  Djiboutian Soils  and Water Laboratory Project ,  a l i s t  of work 
categories t h a t  were expl ic i t ly  or impl ic i t ly  s t a t ed  t o  
accmplish the  goals and objectives of the  project  have been 
included. The subsequent accomplishment of each assignment i s  
appropriately noted. 

F a c i l i t i e s  and Equipment - 
A. Building Construction 

One of the  f i r s t  objectives of t h i s  project  
was t o  build a f a c i l i t y  t o  house and expedite the operation of 
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t h e  l a b o r a t o r y .  By August,  1980,  t h e  b u i l d i n g  was c o n s t r u c t e d  
and t h e  four  rooms r e q u e s t e d  i n i t i a l l y  were made a v a i l a b l e  t o  t h e  
p r o j e c t .  

B.  C o n s t r u c t i o n  o f  l a b o r a t o r y  
f a c i l i t i e s  

A s  a  f i r s t  s t e p ,  it was n e c e s s a r y  t o  draw t h e  
f o l l o w i n g  p l a n s  ( F i g u r e s  3 t h r o u g h  8 ) ,  t o  i n s t a l l  t h e  benches,  
s h e l v e s ,  and plumbing i n  a  manner t h a t  would e x p e d i t e  work and 
a n a l y s i s .  A f t e r  s e v e r  a 1  c o m p l i c a t i o n s ,  t h e  l a b o r a t o r y  was f u l l y  
i n s t a l l e d  by t h e  end o f  t h e  p r o j e c t .  

The l a b o r a t o r y  i s  des igned  f o r  samples t o  
a r r i v e  a t  t h e  o f f i c e  i n  Room #7 and be logged i n  on  a r e c e i v i n g  
form. I t  i s  t h e n  p l a c e d  on t h e  s h e l v e s  i n  t h e  h a l l  t o  so  t o  
s t o r a g e ,  d r y i n g  and g r i n d i n g ,  beh ind  t h e  b u i l d i n g .  When t h e  
wa te r  and s o i l  samples  a r e  r e a d y  f o r  a n a l y s i s ,  t h e y  a r e  p laced  on 
t h e  s h e l v e s  behind t h e  door i n  Room # l o .  The sample  i s  a s s e s s e d  
and l a b e l e d  f o r  t h e  l a b o r a t o r y  w i t h  i n t e r n a l  l a b  numbers ( a l l  
samples  a r e  r e c e i v e d  by UTM c o o r d i n a t e s  f o r  i d e n t i f i c a t i o n ) .  

The s o i l  i s  immersed i n  l i q u i d  or  t h e  wa te r  
i s  p r o c e s s e d  on t h e  c e n t e r  bench o f  R o o m  # l o .  S o i l  p h y s i c s  i s  
performed on t h e  n e x t  bench.  M i c r o a n a l y s i s  i s  performed i n  Room 
#11 where in -p rocess  c a l c u l a t i o n s  a r e  performed.  

The r e s u l t s  o f  t h e  l a b o r a t o r y  i s  passed  f o r  
f i n a l  p r o c e s s i n g  and d i s s e m i n a t i o n  i n  t h e  o f f i c e  i n  Room #8, 
which a l s o  houses  t h e  l i b r a r y .  The sample  i s  d i s p o s e d  o f  i n  t h e  
p i t  behind t h e  l a b o r a t o r y .  Room #7 i s  used f o r  so i l  su rvey  needs 
such a s  d r a f t i n g  and remote  s e n s i n g .  O v e r a l l ,  t h e  l a y o u t  was 
execu ted  a s  p lanned .  I t  s e r v e s  t h e  needs  o f  t h e  p e r s o n n e l  and 
t h e  o u t p u t  of  t h i s  l a b o r a t o r y .  Pho tos  #9 th rough  #15 show some 
o f  t h e  g e n e r a l  l a y o u t  o f  t h e  completed l a b o r a t o r y .  

C.  Order ing  and p u r c h a s i n g  equipment,  
mater  i a l s  and s u p p l i e s  

D. Equipment and m a t e r i a l s  i n v e n t o r y  

Appendix D l i s t s  t h e  p r o p e r t y  i n v e n t o r y  f o r  
t h e  l a b o r a t o r y  a s  o f  J u l y  1982. I t  c o n t a i n s  l is ts  o f  chemical  
r e a g e n t s ,  l a b o r a t o r y  equipment ,  o f f i c e  and d r a f t i n g  equipment,  
and f i e l d  equipment. 

E. Equipment and maintenance  
(An e l e c t r o n i c s  repai rman h a s  been 
1 o c a t e d  l o c a l l y  . ) 

F. Res tocking mater  i a l s  and s u p p l i e s  
( C a t a l o g u e s  a r e  a l l  a v a i l a b l e  f o r  equip-  
ment and chemica l s .  ) 
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Photo #9: Mr. Aboubaker Douale and D r .  Joseph Goebel analyzing 
s o i l  and water i n  the laboratory 
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Photo # l o :  Aboubaker Douale, Laboratory 
Chief ,  i s  working a t  h i s  desk 
d i r e c t i n g  labora tory  and s o i l  
i n v e s t i g a t i o n  

Photo # l l :  Aboubaker Douale i s  care- 
f u l l y  mapping the s o i l s  i n  
the Tadjoura area 

Photo #12: Farah Omar, S o i l s  Tech- 
n i c i a n ,  measuring one o f  the 
s o i l s  maps produced on t h i s  
p r o j e c t  
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Photo #13: Farah Omar p r e p a r i n g  a  
sample f o r  s o i l s  a n a l y s i s  

Photo #14: Secre ta ry  t y p i n g  a  s o i l  
d e s c r i p t i o n  performed 
d u r i n g  t h i s  s tudy 

Photo #15: Bever ly  R o l l  i ns ,  agronomy 
vo lun tee r ,  c o r r e c t i n g  d i s -  
t o r t i o n  i n  photographs used 
t o  map 1:5,000 sca le  l and  
ownersh ip  maps 
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Laboratory Analyses 

A .  Test s o i l s  for  nitrogen, phosphorous, 
potassium, micronutrients, s a l i n i t y ,  
conductivity, carbonates, lime, texture,  
s t ructure ,  bulk density and others -- 
accomplished. Photos #16 and #17  show 
s o i l  t e s t  p i t s .  

Following a re  t e s t  procedures for moisture 
content and pa r t i c l e  s i ze  analysis: 

1. Procedure f o r  Moisture Content 

. To do a  moisture content evaluation, 
place approximately 200 grams (record 
the  exact weight) i n to  a  small container 
t h a t  has been weighed. P u t  the  sample 
i n  the  oven a t  50 degrees C fo r  a t  l eas t  
twelve hours and weigh immediately upon 
removing from the  oven. Subtract t h e  
weight of the  container. Subtract t h e  
d ry  weight from the  moist weight and 
divide t h e  remainder by the i n i t i a l  
weight and record. 

2 .  Procedure f o r  Pa r t i c l e  Size Analysis 

. Prepare dispersing agent by dissolving 
50 grams of Calgon i n  water and d i l u t e  
t h e  solution t o  one l i t e r  by volume. 

. Weigh approximately 100 grams of s o i l  
(record the  exact weight, which has 
passed through a  2 mm sieve, and add 125 
milligrams of d i l u t e  Calgon solution and 
l e t  soak -- with occasional s t i r r i n g  -- 
overnight. 

. Place approximately 20 grams (record 
exact weight) i n  t he  drying oven t o  
determine moisture content. After 
obtaining the  moisture content, correct  
the  weight of the  sample by tes t ing  by 
subtracting the  weight of the  water. 



Photo The l a b o r a t o r y  t e s t s  s o i l  
sample f rom s o i l  l i k e  t h i s  
Bal  ambal on p l a t e a u s  between 
600 - 900 meters  e l e v .  

Photo #17: Maa r i g i  S o i l  above 1200 
meters .  Labo ra to r y  con- 
f i rms t h e  o r g a n i c  con ten t  
o f  top  l a y e r  

Photo Water such as t h i s  
i s  assessed f o r  s a l  t 
and boron 

Photo fi'19: Waters unusua l l y  good f o r  
d r i n k i n g / i  r r i g a t i o n .  
Labo ra to r y  con f i rms  a c t u a l  
con ten t  o f  wa te r  
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The f o l l o w i n g  day  pour t h e  sample  i n t o  
t h e  mixe r ,  r i n s i n g  t h e  b e a k e r ,  and add 
w a t e r  i f  n e c e s s a r y .  x  f o r  t h r e e  
m i n u t e s .  P l a c e  t h e  sample  i n  a  one-  
l i t e r  s t r a i g h t - w a l l e d  c y l i n d e r .  C l e a n  
t h e  mixed c o n t a i n e r  and add water t o  
make o n e  l i t e r .  

P r e p a r e  a s t a n d a r d  c y l i n d e r  w i t h  125  m l  
o f  d i s p e r s i n g  s o l u t i o n  and water t o  make 
o n e  l i t e r .  T h i s  s e r v e s  f o r  t e m p e r a t u r e  
and  d e n s i t y  c o r r e c t i o n  f o r  t h e  
hydromete r .  A l s o ,  t h e  hydromete r  c a n  be 
s t o r e d  h e r e  between r e a d i n g s .  

Begin t h e  hydrometer  t e s t :  Take t h e  
s t i r r i n g  r o d  and s t i r  for 30 s e c o n d s .  
Note t h e  t i m e  when t h e  s t i r r i n g  i s  
s t o p p e d .  Remove t h e  s t i r r i n g  r o d .  
C a r e f u l  l y  and p rompt ly  i n s e r t  t h e  
hydromete r .  Record t h e  r e a d i n g  a t  30 
s e c o n d s ,  o n e  minu te ,  f o l l o w e d  l a t e r  b y  
o t h e r  d e s i r e d  t i m e s  c a l c u l a t e d  - t o  g i v e  
t h e  p a r t i c l e  s i z e  d e s i r e d .  

Repea t  t h e  p r o c e s s  i n  t h e  n e x t  
c y l i n d e r  . Recommended r e a d i n g s  a r e :  30 
s e c o n d s ,  o n e  minu te ,  t h r e e  m i n u t e s ,  30  
m i n u t e s ,  1 . 5  h o u r s ,  4 . 5  h o u r s  and 24 
h o u r s  . 

4. P a r t i c l e s  L a r ~ e r  Than 2mm S i e v e  A n a l y s i s  -- 
Begin by d r y i n g  and g r i n d i n g  t h e  s o i l  
(weigh  a p p r o x i m a t e l y  20 urams or less 
t h a n  2  rnm s o i l  sample  f o r  m o i s t u r e  
content). W e i g h  approximately one 
k i l o g r a m  o f  s o i l  ( r e c o r d  t h e  e x a c t  
w e i g h t ) .  Correct t h e  w e i g h t  f o r  t h e  
m o i s t u r e  c o n t e n t .  S t a c k  t h e  f o l l o w i n g  
s i e v e s :  9 .5  #4, #8, #20,  #30 ,  #60;  p a n  
a f t e r  weighing  and r e c o r d i n g .  Pour t h e  
s o i l  i n  t h e  t o p  and s h a k e  w e l l  and weigh 
e a c h  s i e v e .  S u b t r c t  t h e  w e i g h t  of t h e  
s i e v e .  Then, s u b t r a c t  t h e  w e i g h t  of t h e  
m o i s t u r e .  D i v i d e  t h e  r e s u l t s  of e a c h  
s i e v e  by t o t a l  d ry-weight  o f  t h e  sample .  

T h i s  p r o c e d u r e  g i v e s  t h e  p e r c e n t  o f  t h e  
t o t a l  sample i n  each  s i z e  c l a s s .  If 
t h i s  p e r c e n t a g e  i s  p r e f e r r e d  for 
p a r t i c l e s  less t h a n  2  mm,  t h e n  m u l t i p l y  



t h e  r e s u l t s  of the  hydrometer t e s t  by 
t h e  percentage of the  one kilogram 
sample passing t h e  l a s t  ( 2  m m )  s ieve .  

The r e p e t i t i v e  na tu re  of t he  p a r t i c l e  s i z e  analys is  was assessed.  
The same s o i l s  were r u n  four times. By comparing the  d i f fe rence  
of one evaluat ion t o  the  other  on the  same sample, it was 
poss ib le  t o  determine t he  r e l i a b i l i t y  of both the  procedure and 
t h e  technician.  In t h i s  case,  t h e  15-second reading varied 
from 2 %  t o  5%. This i s  always t h e  l e a s t  accurate  reading due t o  
time cons t ra in t s .  The one minute reading varied between 0% and 
3% i n  four repeats .  The three-minute readings varied between 0% 
and 2.5%. This i s  compared with up t o  7 %  var ia t ion  for other  
es tab l i shed  labora tor ies .  

B .  Test water for sodium, potassium, 
calcium, magnesium, phosphorous , 
manganese, i ron ,  carbonate, s u l f u r ,  
n i t r a t e ,  chlor ide  and others .  

The Laboratory t e s t s  and procedures for  
s a l i n i t y ,  pH, c lo r  ide  and conductivi ty 
were conducted on twelve samples of 2 5  
grams dry weight d i lu ted  t o  50 
m i l l i l i t e r s  and evaluated by an 
appropr i a t e  conductivi ty meter. Th e 
meter f a i l e d  i n  the  middle of the  t e s t .  
Therefore, no r e s u l t s  a r e  avai lable .  
Further work on these  t e s t s  a r e  being 
conducted by t he  s t a f f  of t he  SCS-USDA. 
Training w i l l  a l s o  be given i n  Lincoln, 
Nebraska. Photos #18 and #19 show 
t y p i c a l  water sources. 

C .  Independently analyze a l l  s o i l  and water 
types i n  Djibouti  -- accomplished. The 
Laboratory Chief has  demonstrated 
exce l l en t  t r a in ing  i n  s o i l  laboratory 
methods/procedures and he i s  able  t o  do 
them on h i s  own. 

D. Established proper laboratory techniques 
-- accomplished. 

E .  Established proper laboratory procedures 
-- accomplished. 

F. Established sample flow -- accomplished. 

G. Compute r e s u l t s  of analyses -- 
accomplished t o  t he  extent  of t r a in ing .  

H. Record r e s u l t s  -- accomplished. 



Appendix E c o n t a i n s  c o p i e s  o f  t h e  
L a b o r a t o r y  r e p o r t i n g  forms d e v e l o p e d  i n  
o r  recommended f o r  u s e  i n  t h i s  p r o j e c t .  

I .  Make recommendations -- accompl i shed  f o r  
t h o s e  r e q u e s t e d .  

J .  Ar range  f o r  o u t s i d e  a n a l y s e s  o f  c l a y s  
a n d  t r a c e  e l e m e n t s  -- accompl i shed .  
R e l e v a n t  l a b o r a t o r i e s  a r e  l i s t e d  i n  t h e  
l i b r a r y .  

K .  Make farm v i s i t s  

. E l e v e n  i n d i v i d u a l  fa rm s i t e s  w e r e  
v i s i t e d .  R e p o r t s  w e r e  made t o  document 
e a c h  v i s i t  and  t o  p r o v i d e  recom- 
mendat ions .  These  Farm V i s i t  Reports 
a re  found i n  Appendix F .  Pho tos  # 2 0  
t h r o u g h  # 2 3  s h w  t y p i c a l  f a rm s i tes .  

3 . 2 . 2 . 1  Water Q u a l i t y  Ana lyses  

Wate r  q u a l i t y  a n a l y s i s  w a s  d e l a y e d  u n t i l  a r r i v a l  o f  t h e  
1 lOVAC 60Hz a l t e r n a t o r s  so t h a t  t h e  a n a l y t i c a l  equipment  would 
f u n c t i o n .  T r a i n i n g  h a s  been  a r r a n g e d .  

A .  T e s t  a l l  s amples  r e c e i v e d  -- p a r t i a l l y  
accompl ished ,  t e s t i n g  c o n t i n u e s .  

B. Rece ive  a l l  s amples  p r e s e n t e d  -- 
accompl i shed .  

C .  T e s t  each  s p e c i f i c  a n a l y s i s  -- p a r t i a l l y  
accompl i shed ,  a s s i s t a n c e  i s  p r o v i d e d .  

D .  Record and r e p o r t  r e s u l t s  o f  tes ts  -- 
accompl ished .  



Pho to  fr'20: Aboubaker Doua le ,  C h i e f  
S o i l s  & Water T e s t i n g  

A n a l y s i s  Lab w / A l l e n  H i d l e b a u g h  and 
George Holmgren o f  USDA S o i l  Conser- 
v a t i o n  S e r v i c e  for  s o i l  s u r v e y  and s o i l  
l a b o r a t o r y  d i v i s i o n s  

Pho to  # 2 1 :  T r a d i t i o n a l  w e l l  dug i n  
wadi  channe l  s u p p l y i n g  

q u a l i t y  w a t e r  a c c o r d i n g  t o  l a b  t e s t s  
i n  t h i s  p r o j e c t  

Photo  # 2 2 :  Q u a l i t y  s o i l s  and q u a l i t y  Pho to  #23:  Farm s i t e  l o c a t i o n  i s  
w a t e r  can p roduce  one o f  r e s p o n s i b i l i t i e s  

v a r i e t y  o f  c r o p s ,  i . e . ,  cane, d a t e s ,  o f  l ab .  T h i s  s i t e  was l o c a t e d  o n  r o a d  
oranges,  mangoe, tomatoes,  e g g p l a n t  t o  E l  i Sab ieh b u i  l t w/hand l a b o r  
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A s p e c i a l  water i n v e s t i g a t i o n  was 
c o n d u c t e d  i n  Houmbouli and  Grand Douda 
a r e a .  S a l i n i t y  o f  w e l l  w a t e r  was 
a n a l y z e d  i n  o r d e r  t o  d e t e r m i n e  if u n s a f e  
d r a w d w n  s t ress  w a s  b e i n g  p l a c e d  on  t h e  
main a q u i f e r  o f  t h e  a r e a  a s  a  
c o n s e q u e n c e  o f  a p r o l o n g e d  d r o u g h t .  
Appendix G c o n t a i n s  t h e  r e p o r t  p r o d u c e d  
a s  a r e s u l t  o f  t h a t  i n v e s t i g a t i o n .  

E. C o o r d i n a t e  t h e  e f f o r t s  w i t h  o t h e r  
a g e n c i e s ,  i . e . ,  ISERST p u b l i c  water a n d  
p u b l i c  works  -- accompl i shed .  A l l  
a g e n c i e s  a g r e e  t o  c o o p e r a t e  w i t h  t h e  
l a b o r a t o r y .  

S o i l  Chemica l  A n a l y s e s  

A .  Collect  s o i l  f e r t i l i t y  s amples  -- 
a c c o m p l i s h e d  

B .  Make a p p r o p r i a t e  t e s t s  f o r  each u s e r  -- 
p e n d i n g  equipment  f u n c t i o n i n g .  T r a i n i n g  
w i l l  be p r o v i d e d .  

C .  A c q u i r e  a p r e d i c t i v e  c a p a b i l i t y  f o r  
recommendat i o n s  b a s e d  on  l a b o r a t o r y  
r e s u l t s .  T h i s  w i l l  be done  b a s e d  on 
g e n e r a l  p l a n t  r e q u i r e m e n t s  u n t i l  f u r t h e r  
a n a l y s i s  is c o n d u c t e d  t o  e s t a b l i s h  t h e  
n u t r i e n t  c a p a b i l i t y  o f  t h e  so i l s  i n  
D j i b o u t i .  

D.  D i s t r i b u t e  t h e  i n f o r m a t i o n  -- 
a c c o m p l i s h e d  

E .  R e p o r t  r e s u l t s  -- accompl i shed .  

F .  Make recommendat ions  o n  s o i l  amendments 
a n d  l a n d - u s e  o p t i o n s  -- accompl i shed .  

G .  C o o p e r a t e  w i t h  e x t e n s i o n  s e r v i c e  -- 
a c c o m p l i s h e d .  

3 . 3  S o i l  S u r v e y s  

The  n a t i o n a l  s o i l  i n v e n t o r y  w a s  u n d e r t a k e n  t o  s u p p l y  
D j i b o u t i  w i t h  s u i t a b l e  b a s i c  i n f o r m a t i o n  t o  make d e c i s i o n s  on 
l a n d  u s e  development .  T h i s  i n c l u d e s  w a t e r  r e c h a r g e ,  a g r i c u l t u r a l  
deve lopment ,  r a n g e l a n d  deve lopment ,  r e s e t t l e m e n t  and  e n g i n e e r i n g  
projects. T h i s  i n v e n t o r y  a l s o  made it possible t o  p r i o r i t i z e  t h e  
be t t e r  soi ls  areas w i t h  t h e  be t te r  water s u p p l i e s  f o r  
a g r i c u l t u r a l  deve lopment .  



The nat ional  s o i l s  map and i t s  a t tached desc r ip t ions  
and i n t e rp re t a t i ons  w i l l  permit more r a t i o n a l  and informed 
planning i n  development. I t  has enough information t o  make 
preliminary decisions on development use and locat ion .  When more 
de t a i l ed  information i s  needed, a  more de ta i l ed  study can be 
made. Development need no longer be delayed for lack of s o i l s  
information. 

General Approach 

A t  t h e  beginning of the  p ro jec t ,  before any 
f i e l d  work, t he  team made a  preliminary s o i l s  map based on t h e  
1:200,000 s c a l e  geologic and topographic maps. This map a s s i s t ed  
i n  the  determination of the  s o i l s  i n  the  f i e l d .  Next, a  ha l f -  
percent random sample was drawn t o  e s t ab l i sh  ground t r u t h  and 
descr ibe  and sample t h e  s o i l s  t o  def ine  general s o i l  resources.  
Each sample s i t e  was one square kilometer es tabl ished by the  
Mercator gr id system. Each sample s i t e  was v i s i t e d  and t h e  major 
s o i l s  were described and sampled. A t  the  laboratory,  each s i t e  
was located i n  the  kilometer gr id system on t he  1:250,000 f a l s e  
color  composite Landsat images of t he  country. The s o i l s  were 
named according t o  t he  information obtained by v i s u a l l y  
i n t e rp re t i ng  t he  information on the  Landsat images for each 
sample s i t e .  This map was then combined with t he  topographic 
information on t h e  1:100,000 s ca l e  topographic map t o  c r e a t e  a  
reconnaissance s o i l s  map. 

This reconnaissance s o i l s  map, i n  conjunction with 
hydrological  da ta  from a c o l l a t e r a l  projec t ,  was used t o  s e l e c t  
appropr i a t e  watersheds for semi-detailed s o i l s  mapping on aer i a l  
photographs a t  a s ca l e  of 1:25,000. For semi-detailed mapping, 
we used a  random sample of f i v e  percent ( 5 % )  of the  a rea  t o  
c o l l e c t  t he  ba s i c  f i e l d  data .  Following t h i s  procedure s p e c i f i c  
ag r i cu l t u r a l  s i t e s  a r e  determined i n  accordance w i t h  t h e  l imi ted  
water po t en t i a l  of t he  area.  

3.3.2 The Random Resource Sample - 
A s e t  of 1,000 s i t e s ,  each one square 

kilometer,  were taken a t  random across t he  country. This sample 
represen t s  approximately f i v e  percent ( 5 % )  of t h e  land a rea  of 
Djibouti .  I t  i s  t h e  purpose of t h i s  sample t o  expedite  t h e  
co l l e c t i on  and accurate  descr ip t ion  of t he  natur a1 
geographical ly-distr  ibuted resources.  I t  i s  a l s o  intended t o  
f a c i l i t a t e  the  co l l e c t i on  of da ta  by var ious s c i e n t i f i c  
i nves t i ga to r s  with d iverse  i n t e r e s t s .  

The sample s i t e s  a r e  organized i n  one l i s t  by 
t h e  order of occurence of t he  numbers when they were se lec ted .  
This is  important for fur ther  subdividing t he  survey for  
analyses.  A second arrangement i s  based on t h e i r  arrangement by 
UTM coordinates  t o  f a c i l i t a t e  locat ing t he  s i t e s  on t he  map. I t  



i s  f u r t h e r  d i v i d e d  i n t o  g roups  r e l a t e d  t o  t h e  1:100,000 s c a l e  
t o p o g r a p h i c  map. The e n t i r e  l i s t  of  randomly-se lec ted  sample 
c o o r d i n a t e s  i s  found i n  Appendix H .  

The number ' u n i v e r s e '  f o r  t h e  same l is ts  a l l  
o f  t h e  UTM c o o r d i n a t e s ,  where in  t h e  d e s i g n a t e d  s i t e  n o r t h  and 
e a s t  of  t h e  c o o r d i n a t e  i n t e r s e c t s ,  and l i e s  whol ly  w i t h i n  
D j i b o u t i  and on l a n d .  The l i s t  i s  o r g a n i z e d  from w e s t  t o  e a s t  
f o l l a w e d  by o r d i n a t i o n  by s o u t h  t o  n o r t h .  

I t  i s  t h e  i n t e n t  of t h i s  p r o j e c t  t o  encourage  
o t h e r  i n v e s t i g a t i o n s  t o  u s e  t h i s  sampl ing  d e v i c e  t o  f a c i l i t a t e  
t h e  compounding o f  d e t a i l e d  i n f o r m a t i o n  based  o n  t h e  same sampled 
a r e a s  so t h a t  t h e y  may draw e x t e n s i v e l y  on each  o t h e r ' s  e x p e r t i s e  
i n  a s p e c i f i c  manner. A 1:100,000 s c a l e  map of  t h e  d i s t r i b u t i o n  
o f  t h e s e  1 , 0 0 0  s i tes  c a n  be viewed a t  t h e  soi ls  and w a t e r  
l a b o r a t o r y .  

3 . 3 . 3  Mapping Procedure  

T h i s  s o i l  s u r v e y  was conduc ted  by f i r s t  
s e l e c t i n g  100 randomly d i s t r i b u t e d  s i tes  t h r o u g h o u t  t h e  c o u n t r y  
as  s p e c i f i c  o b j e c t i v e s  t o  s e a r c h  o u t  and d e s c r i b e .  The f i r s t  100 
samples  of t h e  5% random sample w e r e  s e t  a s i d e  s p e c i f i c a l l y  as a  
1 /2% coverage  of  t h e  c o u n t r y  f o r  e s p e c i a l l y  r a p i d  a s s e s s m e n t  of  
t h e  r e s o u r c e s .  A l l  of t h e  s i tes  were v i s i t e d .  The f i r s t  a t t e m p t  
was made by a n  a l l - t e r r a i n  v e h i c l e  and t h e  remainder  by 
h e l i c o p t e r .  

A s i g n i f i c a n t  s o i l  was p icked  w i t h i n  t h e  o n e  
s q u a r e  k i l o m e t e r  s i t e  and thorough ly  d e s c r i b e d  i n  p r o f i l e  and 
geomorphic d i s t r i b u t i o n .  On s i t e ,  t h e  r e l a t i o n s h i p s  between 
soils was e s t i m a t e d  and c l a r i f i e d .  The UTM c o o r d i n a t e  numbers 
w e r e  u sed  t o  i d e n t i f y  t h e  s i t e s  a l o n g  w i t h  a  l o c a l  s i t e  name. 
A l l  o f  t h i s  i n f o r m a t i o n  was a c q u i r e d  and r e c o r d e d  on t h e  
1:100,000 t o p o g r a p h i c  map. F i g u r e  9 shaws a  c h a r a c t e r i s t i c  s o i l  
s i t e  d e s c r i p t i o n .  S i m i l a r  d e s c r i p t i o n s  f o r  a l l  100 soi ls  a r e  
found  i n  Appendix H .  

These  s i tes  w e r e  t h e n  l o c a t e d  o n  1: 500,000 
c o l o r e d  Landsa t  image and p h o t o g r a p h i c  c h a r a c t e r i s t i c s  i d e n t i f i e d  
and mapped-out i n  s i m i l a r  a r e a s .  F i g u r e  1 0  shaws a  p o r t i o n  of a  
1: 500,000 Landsa t  F a l s e  Color  Composite  (FCC) o f  D j i b o u t i .  T h i s  
i n f o r m a t i o n  was t h e n  e n l a r g e d  and compared t o  t h e  f e a t u r e s  of  t h e  
1:100,000 t o p o g r a p h i c  maps and t h e  s l o p e  maps. The f i n a l  map i s  
r e g i s t e r e d  t o  t h e  1:100,000 t o p o g r a p h i c  map and d r a f t e d  o n  mylar  
t o  f a c i l i t a t e  r e p r o d u c t i o n .  Cop ies  can  be o b t a i n e d  from t h e  
l a b o r a t o r y .  



ARTA 

S i t e  No. 57 

Loca t ion :  267.1 E 
1274.9 N 

A.D.  /J.G./F.o 

0-15 c m :  A l l  h o r i z o n ;  dark  y e l l o w i s h  brown 7.5YR 3 / 4  ( m o i s t ) ;  
c l a y  loam ( v e r y  g r a v e l l y ) ,  ve ry  f i n e  and weak 
g r a n u l a r  s t r u c t u r e ;  s o f t  and f r i a b l e .  pH=7.3 (pH 
m e t e r )  ; s t r o n g l y  e f f e r v e s c e n t  many f i n e  r o o t s ;  
t h i n  f i l m  of CaC03 on  t h e  r o c k s ,  it i s  covered  
w i t h  75% of  c o b b l e s ,  s t o n e s  and b o u l d e r s  of  1 0  t o  
75  c m ;  c l e a r  and smooth boundary. 

15-40 c m :  A 1 2  h o r i z o n ;  da rk  y e l l o w i s h  brown 7.5YR 3/4  ( m o i s t ) ;  
s i l t  loam ( v e r y  g r a v e l l y ) ;  medium weak sub-angu la r  
b l o c k y  b r e a k i n g  t o  weak f i n e  g r a n u l a r  s t r u c t u r e ;  
pH=7.3 ( p ~  m e t e r )  ; s t r o n g l y  e f f e r v e s c e n t ;  common 
f i n e  r o o t s ;  60% c o a r s e  g r a v e l s ;  s o f t  f r i a b l e  s o f t  
f i n e  d i  ssumula ted  powdery CaC03 ; g r a d u a l  and wavy 
boundary.  

40-70 c m :  A C c a  h o r i z o n ;  y e l l o w i s h  brown 7.5YR 5 /4  v e r y  
g r a v e l l y  c l a y  loam f i n e  g r a n u l a r  s t r u c t u r e ;  60% 
g r a v e l s ;  pH=7.1; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l ,  
d i f f u s e d  and i r r e g u l a r  boundary. 

70-2UO+ c m :  C h o r i z o n ;  dark  y e l l o w i s h  brown 7.5YR 3 / 4 ;  v o l c a n i c  
l a v a  f r a c t u r e s ;  c o a r s e  g r a v e l s ;  many f i l m s  of  
CaC03 on t h e  g r a v e l s :  m i l d l y  e f f e r v e s c e n t .  

I n c l u s i o n s :  These  s o i l s  occur  o n  s l o p e s  of 25-50% which 
r e p r e s e n t  abou t  35% o f  t h e  a r e a .  10% o f  t h e  a r e a  
i s  occup ied  by t h e  t o p s  of  t h e  mounta ins  w i t h  t h i n  
s o i l s ,  10% w i t h  rock o u t c r o p ,  20% w i t h  s l o p e  
s h o u l d e r s ,  20% w i t h  s t e e p  v a l l e y  s l o p e s  w i t h  t h i n  
soi ls ,  1 0 %  w i t h  v e g e t a t i o n  c o v e r  ( s o g s o g  dominant ,  
guud r a r e ,  k u l a n  1% d h i d i n . .  . ) 

P a r e n t  Material: s t e e p  mountains,  50 t o  70% c o v e r  o f  l a r g e  
v o l c a n i c  bombs. 

Comment: Loca t ion :  5  t o  7  m from t h e  road  t o  A r t a  on t h e  
w e s t  s i d e  and a t  3  km from t h e  j u n c t i o n  o f  t h e  
r o a d s  t o  A r t a  and Queah. 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  A r i d i c  
C a l c i u s t o l l .  (Typ ic  T o r r i o r t h e n t )  

Figure 9 
CHARACTERISTIC SOIL SITE DESCRIPTION 



Figure 10: Landsat 1:500,000 False Color Composite 
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Mapping u n i t  d e s c r i p t i o n s  a r e  i l l u s t r a t e d  i n  
F i g u r e  11. F i g u r e  12  d e s c r i b e s  t h e  p h o t o g e o l o g i c  appearance  of 
t h e  major s o i l s  on t h e  FCC images. Approximately 35 mapping 
u n i t s  were  s o  d e s c r i b e d .  F i g u r e s  13 and 14 show symbols and 
a r e a s  of t h e s e  mapping u n i t s .  

The mapping u n i t s  w e r e  t h e n  s u b d i v i d e d  and 
r e p o r t e d  by s o i l  series. I n t e r p r e t a t i o n s  were t h e n  made f o r  
each series m e m b e r  and t h e  s o i l  series was c l a s s i f i e d .  F i g u r e  1 5  
shows t h e  s o i l  series names and t h e i r  a s s o c i a t e d  d e s c r i p t i v e  
s i tes.  F i g u r e  16 shows s o i l  series by c l a s s i f i c a t i o n  and 
compares D j i b o u t i a n  t o  American ( w e l l  d e s c r i b e d )  s o i l s .  



Symbol: Ba 1 6  

N a m e  of p r i n c i p a l  s o i l :  Balambal - Derokoma 

L o c a t i o n  and d i s t r i b u t i o n :  a l l  o v e r  t h e  coun t ry  w e s t  o f  t h e  
mountain ranges ,  and t h e  p l a t e a u s .  

Cl imate :  Warm and d ry  

Predominance i n  t h e  coun t ry :  one  of  t h e  m j o r  soi ls  i n  t h e  
coun t ry .  

Composit ion of Mapping U n i t :  

1)  Name of  t h e  s o i l  series: Balambal 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed hyper the rmic ,  Typ ic  
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  between 50-75 cm. t h i c k ,  y e l l o w i s h  r e d  
t o  dark reddish-brawn,  s t o n y  c l a y  loam. 

P e r c e n t a g e  of t h e  mapping u n i t :  40% 

Geomorphic p o s i t i o n :  s i l t  mant le  o n  t h e  l a v a  p l a t e a u .  

P a r e n t  M a t e r i a l :  E o l i a n  s i l t  and sand  

Slope:  1-38 s o m e t i m e s  up t o  5% 

Dominant uses :  r ange  

2 )  Name of  t h e  s o i l  series: Derokoma 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed hyper the rmic  T y p i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  75-125 c m .  t h i c k ,  dark  brown, or brown 
s t o n y  sandy c l a y  loam B h o r i z o n .  

P e r c e n t a g e  of  t h e  mapping u n i t :  30% 

Geomorphic P o s i t i o n :  on  t h e  l a v a  p l a t e a u  

P a r e n t  M a t e r i a l :  e o l i a n  mant le  

Slope:  1-5% most ly  1-2% 

Dominant uses :  r a n g e  

Minor i n c l u s i o n  o f  10% Easa Do and 10% of  G a r r a y t o  a r e  
i n c l u d e d  i n  t h i s  mapping u n i t .  

Figure  11 
CHARACTERISTIC DESCRIPTION OF MAPPING UNIT 



MAJOR SOILS OF DJIBOUTI - 
Playa  b a s i n  w i t h  c o l l u v i a l  sand .  

Appeared a s  long  narrow b l u i s h  g ray  a r e s  on Landsa t  
image. 
T e x t u r e  sand  o v e r  s i l t ;  s l o p e  0-2%; d e p t h  more t h a n  
200 cm; rock f ragment  f r e e ;  10% s h r u b  cover .  

S t e e p  s l o p e s  of b a s a l t i c  p l a t e a u s .  
Appeared a s  long  n a r r w  dark  brown a r e a s  s t r e a k e d  
w i t h  g r e e n  on t h e  L a n d s a t  image. 
T e x t u r e  g r a v e l l y  sand;  s l o p e  40-70%; d e p t h  50 cm; 
r o c k s  90% c o b b l e s  and s t o n e s ;  v e g e t a t i o n  1% s h r u b s  
and g r a s s .  

Recent  mar ine  sediment .  
Appeared a s  modera te  a r e a s  of b l u i s h  g r a y  n e a r  t h e  
s e a .  
T e x t u r e  s i l t  loam; s l o p e  1-2%; d e p t h  more t h a n  200 
cm; few 2-7 meter sand  dunes ;  v e g e t a t i o n  20% b r u s h  
and s h r u b s .  

Thin  s i l t  sediment  on l a v a  f lows.  
Appeared a s  very  d a r k  brown w i t h  common g r e e n  s p o t s  
o n  t h e  Lands a t  images. 
T e x t u r e  c l a y  loam; s l o p e  2-58: d e p t h  50 cm; 75% 
s t o n e s  and b o u l d e r s ;  v e g e t a t i o n  2-3% s h r u b s .  

S t e e p  r y o l i t i c  mountains.  
Appeared a s  broad a r e a s  of ve ry  l i g h t  brown m o t t l e d  
w i t h  l i g h t  g r e e n  and brown on t h e  Landsa t  images. 

High l ava  p l a t e a u s .  
Appeared a s  dark  b r w n  m o t t l e d  w i t h  ve ry  dark brown 
o r  b l u i s h  g r a y  and f i n e  l i g h t  g reen  s p o t s  on t h e  
Lands a t  images. 
T e x t u r e  g r a v e l l y  loam; s l o p e  long  1-8%; d e p t h  50 cm; 
90% c o b b l e s  and b o u l d e r s ;  v e g e t a t i o n  15% brush ,  
s h r u b s  and g r a s s .  

Wadi d e l t a .  
Appeared a s  long  n a r r w  a r e a s  of  l i g h t  b l u i s h  g r a y  
o n  Landsa t  images. 
T e x t u r e  sand;  s l o p e  0-2% d e p t h  75  cm; 3-4 mete r  sand 
dunes;  v e g e t a t i o n  5% g r a s s .  

Bas in  p l a y a  w i t h  sand  dunes.  
Appeared a s  broad a r e a s  of  b l u e  and l i g h t  b l u e  
m o t t l e d  w i t h  da rk  b l u e  and g r e e n  on Landsa t  images. 
T e x t u r e  sand;  s l o p e  1-2%; d e p t y  75 cm; 3-4 m e t e r  and 
dunes,  v e g e t a t i o n  5% g r a s s .  

Figure  12  
Photo-Interpreted S o i l s  D e s c r i p t i o n s  



GB-12 - Basin Playa-barren. 
Appeared a s  broad smooth a r e a s  of whi te  and l i g h t  
b l u e  on Landsat images. Texture  loam; s l o p e  0-1%; 
depth more than  200 cm; rock fragment f r e e ;  
vege ta t ion  barren.  

GM9 - Steep  sandstone mountains. 
Appeared a s  b lue  wi th  ve r iga ted  dark b l u e  on Landsat 
images. 
Texture g rave l ly  sandy loam; s l o p e  24-35%; depth 50 
cm; 80% grave l  and cobbles;  vege ta t ion  1% shrubs.  

Hal0 - Weathered g r a n i t e  bas in  f l o o r .  
Appeared a s  i r r e g u l a r  a r e a s  of g r a y i s h  b l u e  on 
Landsat images. 
Texture sandy c l a y  loam; s lope  2-88: depth 60 cm; 
rock fragment f r e e ;  vege ta t ion  3% brush and shrubs.  

HH27 - Steep  s lopes  of lava f l w .  
Appeared a s  long narrow very dark brown and b l u i s h  
gray a r e a s  on Landsat images. 
Texture  bouldery loam; s l o p e s  70%; depth  100 cm; 70% 
boulders ;  vege ta t ion  20% brush.  

JA16 - Thick s i l t  mantle on lava.  
Appeared a s  ex tens ive  broad a r e a s  of molted l i g h t  
green and l i g h t  greenish  b l u e  on Landsat images. 
Texture  s i l t y  c l ay  loam; s l o p e  0-2%; depth 150 cm; 
50-80% cobbles  and boulders ;  vege ta t ion  10% shrubs.  

K O  3 - Wadi channel. 
Appeared a s  long narrow whi te  o r  l i g h t  gray a r e a s  on 
Landsat images. Texture g r a v e l l y  sandy c l a y  loam; 
s l o p e  0-3%; depth more t h a n  200 cm; 40-80% g r a v e l ;  
vege ta t ion  20% brush and shrubs.  

% 

Ma12 - Basin playa d e l t a .  
Appeared a s  broad purp le  a r e a s  s t r eaked  with  l i g h t  
b l u e  and brown on Landsat images. Texture loam; 
s l o p e  5-25%; depth 120 cm: 60% cobbles  and s tones ;  
vege ta t ion  1-2% bushes. 

Du 9 - Faul ted  lava flow mountains. 
Appeared a s  dark b r w n  broad a r e a s  mott led with  very 
dark b r w n  onb Landsat images. Texture  g r a v e l l y  
loam; s l o p e  more than 65%: depth  75% cm: 70% s t o n e s  
and boulders ;  vege ta t ion  10% brush and shrubs.  

F igure  1 2  (cont inued)  
Photo-Interpreted S o i l s  Descr ip t ions  



RD12 - Saturated bas in  playa. 
Appeared a s  broad areas  of green and brown on 
Landsat images. 
Te3xture c lay  loam; s lope  0-1%: depth more than 80% 
cm; rock fragment f ree ;  vegetation ra re .  

W D 1 7  - Basa l t i c  p la teau.  
Appeared as  broad areas  of brownish green mottled 
with very dark brown and l i g h t  green on Landsat 
images. 
Texture s i l t  loam; s lope 5-25%; depth 2 5  cm; 80% 
s tones  and boulders: vegetation 5% shrubs and grass .  

6 - Colluvia l  gravel .  
Appeared a s  moderately wide long grayish blue a reas  
with small brown blotches on t h e  Landsat images. 
Texture s i l t  loam: s lope 5-25%; depth l e s s  than 100 
cm; 70% cobbles and stones;  vegetat ion 1% shrubs. 

2 2  - S a l t .  
Appeared a s  b r i l l i a n t  white on Landsat images. 

25 - Mud f l a t .  
Appeared a s  broad areas  mottled with l i g h t  b lue  and 
blue  on Landsat images. 

28 - Lacustr ine marl. 
Appeared a s  white and l i g h t  blue on Landsat images. 

29 - Coral i s lands .  

30 - Volcanic cones. 
Appeared a s  small a reas  of very dark brown on 
Lands a t  images. 

Figure 12 (continued) 
Photo-Interpreted Soils Descriptions 



Map S y m b o l  

A a 1 5  
A D 9  
A K 3 3  
A r 9  
A t 1  
A w 6  
B a l d  
D A 1 6  
DG 1 
D D l O  
D a 9  
D i 5  
D B 3 3  
D t l O  
E G 1 2  
E a 3  1 
E  04 
G a l 6  
G B 1 2  
H a  10 
HH2 7 
J A 1 6  
K 1 4  
K n 4  
L D 9  
Q u 9  
R D 1 2  
W D 1 3  
1 7  
19 
2 0  
2  2 
2  5 
2 8 
2  9 

Series N a m e  

A a d a  
A f  nada D a b a  
A 1  K i b o  - E a s a  G a l a w  
A r t a  - D a g a h  D e r e  
A t a r  - E o u l m a  
A w d i e a  
B a l a m b a l  - D e r o k o m a  
D a b a  E a b d a  1 le  
D a b a g a  l a  ley 
D a g a h  D e r e  - G o e n d a l e  Madobe 
D a m e r k a d d a e  - A f n a b a  D a b a  
D i d j a n  D e r  
D i m o  L e  B o d a  
D i t a  
E a d o  G a f a n  
E a n g a l a l o  
E o u l m a  
G a r r a y t o  
G r a n d  B a r a  
H a d k o d l e y  
H o l l - H o l l  - A f m e e a y t o u  
Jaban E a s  - G u i s t i r  
K a l  l o l o u  
K e n a n n a b a  
L a h i  D a d d a e o  - A f  naba D a b a  
O u e a h  - D e g a m a n k a l  
R i f  f o r  D a m o u n  
W a n n i  D a e a r  - M a l h a d l o u  
L a v a  f l a w  
W a d i  channe l  
B e a c h  
S a l t  
Mud f l a t  
Marl 
C o r a l  s lopes 

Figure 13  
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AND SERIES NAMES 

( i : i o o , o o o  SOILS MAP) 



S y m b o l  N a m e  A r e a  ( S q u a r e  K i l o m e t e r s )  

A a 1 5  
AD9 
AK3 3 
A r 9  
A t  1 
A w 6  
B a  16 
D A 1 6  
D G 1  
D D l O  

D i 5  
D B 3 3  
D t l O  
E G 1 2  
E a 3 1  
E o 4  
G a l 6  
G B 1 2  
H a  10 
H H 2 7  
J A 1 6  
K  I 4  
L D 9  
Ma16 
Q u 9  
R D 1 2  
WD13 
1 7  
19 
2 0  
2  2  
2 5  
2 8  
2 9  

A a d a  
A f n a b a  D a b a  
A l k i b o  - E a s a  G a l a w  
A r t a  - D a g a  D e r e  
A t a r  - E o u l m a  
A w d i e a  
B a l a m b a l  - D e r o k o m a  
D a b a  E a b d a l l e  
D a b a g a l a l e y  
D a g a h  D e r e  - G o e n d o l e  
Madobe 
D a m e r k a d d a e  - A f  naba 
D a b a  
D i d j a n  D e r  
D i m o  l e  B o d a  
D i t a  
E a d o  G a f a n  
E a n g a l a l o  
E o u l m a  
G a r r a y t o  
G r a n d  B a r a  
H a d k o d l e y  
H o l l - h o l l  - A f m e e a y t o n  
Jabaneas - G u i s t i v  
K a l l o l o u  
L a h i  D a d d a e o - A f n a b a d a b a  
Maarigi 
O u e a h  - D e g a m a n k a l  
R i f  for  D a m o u n  
W a n n i  D a e a r  - M a l h a d l o u  
L a v a  f l o w  
W a d i  c h a n n e l  
B e a c h  
S a l t  
Mud f l a t  
Marl 
C o r a l  Slopes 

Figure 14 
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Map S y m b o l  Series N a m e  D e s c r i p t i o n  
S i t e s  

A A 1 5  

AY 5 
A £  9 
A D 9  
AG 9 
AK3 3 
A 0 9  
A r 9  
A t 1  
AW6 
B a 1 6  
D A 1 6  
D G 1  
D D l O  

D L 4  
D a 9  
D i 5  
D B 3 3  
D e 1 6  
D r 1 6  
D t l O  
E D 9  
E g 1 2  
E a 3 1  
E o 4  
G a l 6  
G E 6  
G B 1 2  
G u 1 6  
H a l 0  
HH2 7 
H o 3  
J A 1 6  
K 1 4  
K n  4 
L K 9  
M a 1 6  
M a 6  
M i 1 6  
O u 9  

A a d a  
A d o y l a  
A£ m e e a y t o u  
A f n a b a  D a b a  
E a s a  G e l a w  
A 1  K i b o  
A r r a h a  O m m a n e  
A r t a  
A t a r  
A w d i  ea  
B a l a m b a l  
D a b a  E a b d a l l e  
D a b a g a l a l e y  
D a g a  D e r e  

D a  l e  D o l a  
D a m e r k a d d a e  
D i d j a n  D e r  
D i m o  L e  B o d a  
D e g a m a n k a l  
D e r o k  k o m a  
D i t a  
E a s a  D o  
E a d o  G a f a n  
E a n g a  l a l o  
E o u  1 m a  
G a r r a y t o  
G o r a y  E e e b  
G r a n d  B a r a  
G u i s t i r  
H a d k o d l e y  
H o l l - H o l l  
H o u m b o u  1 i 
J a b a n  E a s  
K a  1 l o  l o u  
K e n a n n a b a  
L a h i  D'addaeo 
Maarigi 
Ma lhad l o u  
Mink i 1 le 
O u e a h  

Figure 15 
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Map Symbol S e r i e s  Name Descr ipt ion  
S i t e s  

Rif for-Damoun 4  
Wanni Daear 53 
Talus s l o p e  44;88;  35 
Lava f law 16;12;22;64;5 
Wadi channel 50 
Beach 
Mud f l a t  
Marl 10;73 
S a l t  marsh 92  
Rock outcrop 41;25 

Figure 1 5  (Continued) 
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Simi la r  American S o i l s  Djiboutain  S o i l s  

A r i d i s o l s  

Calcor th ids  - - - - - -  
sandy, mixed hyperthermic,  Typic C a l c i o r t h i d  

Eas t l and  Afmeeaytou 

f i n e  loamy, mixed hyperthermic,  Typic C a l c i o r t h i d  
Lareen Atar 
Wintersburg; Sotim Jaban Eas 

loamy s k e l e t a l ,  mixed hyperthermic,  Typic C a l c i o r t h i d  
Tonopah Easa Gelaw 
Gunsight 
Whitlock Goray Eeeb 

c o a r s e  loamy, mixed hyperthermic,  Typic C a l c i o r t h i d  
Masonfort A 1  Kibo 
Masonfort Awdi ea 
Masonfort Malhad lou 

loamy s k e l e t a l ,  mixed hyperthermic,  L i t h i c  C a l c i o r t h i d  
Hobog; Lozier  Dita  

f i n e  loamy, mixed hyperthermic,  Typic Camborthid 
Lalande Grand Bara 
Lal inda G u i s t i r  
Ade l i n o  Hadkodley 

loamy, s k e l e t a l  mixed hyperthermic,  L i t h i c  Camborthid 
Laposa Arraha Ommane 

A r i d i s o l s  

S a l o r t h i d s  - - - - -  
f i n e  loamy, mixed hyperthermic,  Typic S a l o r t h i d  

Bunker H i l l  Rif f o r  Damoun 

Figure 16 
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S i m i l a r  American S o i l s  Dj ibout ian  S o i l s  

f i n e  loamy, mixed hyper thermic,  Typic Na t r a rg id  
Casa Grande Eanga l a  l o  

I n c e p t i s o l s  

f i n e  loamy, mixed hyperthermic,  A e r i c  Halaquept 
Hilmr Dabagalaley 

f 

E n t i s o l s  

T o r r i o r t h e n t s  - - - - - - -  
loamy s k e l e t a l ,  mixed hyperthermic,  Typic T o r r i o r t h e n t  

Lapos a Easa Do 
Ar izo  Maarigi 

Oueah 
Co t tomood  Afnaba Daba 

sandy s k e l e t a l ,  mixed hyperthermic,  Typic ~ o r r i o r t h e n t  
Kokan; Arden Da l e  Dola 

loamy, mixed hyperthermic,  Typic T o r r i o r t h e n t  
Kimberlina;  Seaman Wanni Daear 

sandy,  mixed hyperthermic,  Typic T o r r i o r t h e n t  
Aco; Y e l l w r o c k  Eado Gafan 

loamy s k e l e t a l ,  mixed hyperthermic,  L i t h i c  T o r r i o r t h e n t  
Tecopa; Upspring Dagah Dere 
M i n l i t h  Gar ray to  

sandy, mixed hyper thermic,  L i t h i c  T o r r i o r t h e n t  
Cantua Degamankal 

loamy, mixed hyperthermic,  L i t h i c  T o r r i o r t h e n t  
T r igge r ;  Delgado Lahi Daddaeo 

Figure 16 (continued) 
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Similar American Soi ls  D j iboutian Soi l s  

Entisols  

Torrifluvent s - - - - - - -  
loamy, mixed hyperthermic, Typic Torrif luvent  

I reteba; Anthony Adoy l a  

sandy ske le ta l ,  mixed hyperthermic, Typic Torrifluvent 
Momoli; Ripley Ka 1 lo  lou 

Psamments - - - - -  Q' 

mixed hyperthermic, Typic Torripsamment 
Rositas: Yturbide Houmbou 1 i 

Mollisolls  

Calcius tol ls  - - - - - -  
loamy ske le ta l ,  mixed hyperthermic, Aridic Calcius tol l  

Pozo Blanco Arta 

loamy, mixed hyperthermic, Aridic Calc ius to l l  
Engle; Sarnosa Daba Eabdalle 

loamy, mixed hyperthermic, Pachic Calc ius to l l  
Elf r ida  Minkille 

loamy, ske le ta l ,  mixed hyperthermic, Aridic Haplustoll 
Wainee Dimo Le Boda 

Miscellaneous Land Types 

Talus - - - - s l y e  - 

Lava flow - -  - -  
Wadi channel - -  - - - -  
Beach - - -  
Mud f l a t  - - - -  
Marl - - 
S a l t  marsh - -  - - -  
Rock outcrop - -  - - -  

Figure 16 (Continued) 



Finally,  in te rpre ta t ions  were made for  each s o i l  
s e r i e s .  Figure 1 7  shuws the key t o  the  in terpreta t ions  and 
Figure 18 shows a typ ica l  in terpreted s o i l  s e r i e s  description. 

Complete data for  a l l  the  Djiboutian s o i l s  are 
found i n  Appendix I ,  Report on the  National S o i l  Survey. Figure 
19 shuws a 1:100,000 sca le  base map u t i l i z e d  i n  the  study and 
Figure 20 gives an example of t he  1: 100,000 sca le  s o i l s  map of 
t he  same area, t he  Sadai region. 

During the  course of t he  project ,  an opportunity 
arose t o  present technical  papers a t  the  F i r s t  Thematic 
Conference on "Remote Sensing of A r i d  and Semi-Arid Lands" i n  
Cairo, Egypt. Two papers were presented. The f i r s t  dea l t  with 
iden t i f i ca t ion  of natural  water containment s i t e s  i n  Djibouti and 
t h e  second deal t  with the  s t a t u s  of agr icu l tura l  resource 
assessment i n  Djibouti. Copies of these papers are  t o  be found 
i n  Appendix N.  

During the  course of the  project ,  it became 
apparent t h a t  a  means of introducing v i s i t o r s  t o  the  s o i l s  of 
Djibouti was desirable.  Toward t h i s  end, a  f i e l d  t r i p  guide was 
developed t o  allow one t o  v i s i t  (v ia  automobile) many of the  
representat ive s o i l s  of t he  country. This guide, fo r  a t r i p  from 
Djibouti t o  Atar, i s  presented i n  Appendix 0. 



Land Capabil i ty  Class i f i ca t ion  

The So i l s  a r e  divided i n t o  8 ( I -VIII )  ca tegor ies  
depending on t he  i n t e n s i t y  of land use ( s e e  Buchman and Brandy) from 
wel l  t i l l e d  row crops t o  watershed and w i l d l i f e  hab i t a t .  For a l l  
ca tegor ies ,  except I ,  t he r e  i s  a  l im i t a t i on  t o  t h e  use of t h a t  s o i l  
f o r  agr icu l tu re .  A l l  of Djibouti  i s  too  a r i d  f o r  c l a s s  I land because 
t he se  s o i l s  requi re  i r r i g a t i o n  fo r  a g r i c u l t u r a l  production. 
Therefore, t he  a r i d  l im i t a t i on  i s  assumed f o r  a l l  s o i l s  of t he  
country. The following l i s t  of l e t t e r s  which follow the  Roman 
Numerals of t h i s  c l a s s i f i c a t i o n  system ind i ca t e  t h e  important s p e c i f i c  
r e s t r a i n t :  

w = ava i l ab l e  water 'capacity 
r = root ing  zone depth i n  l e s s  than one meter 
s = s lope  i s  g r ea t e r  than 5 percent  
d  = drainage f o r  leaching s a l t s  
c  - s u s c e p t i b i l i t y  t o  water overflow 
a  - a l k a l i n i t y  
g  - s toniness  
v  = wind erosion and blowing 
e  = erosion s u s c e p t i b i l i t y  

I r r i g a t i o n  S u i t a b i l i t y  C la s s i f i c a t i on  

The code f o r  i r r i g a t i o n  s u i t a b i l i t y  is  t h e  same f o r  a l l  
8 ( I  through V I I I )  c a tegor ies  of t h e  land capab i l i ty  
c l a s s i f i c a t i o n  without t h e  a r i d i t y  l im i t a t i on  as  a  
cons t ra in t .  The same symbols of l im i t a t i on  a r e  indica ted  as  
they a f f ec t  i r r i g a t i o n  agr icu l tu re .  Therefore, i r r i g a t i o n  i s  
assumed f o r  a l l  these  s o i l s  and no add i t iona l  symbol i s  used. 

I n t e r n a l  Drainage C la s s i f i c a t i on  

Here t h e  land capab i l i ty  ca tegor ies  are :  

I no l i m i t s  t o  i n t e r n a l  drainage p rac t i ces  
I1 moderate l i m i t s  

I11 severe l i m i t s  

The l i m i t s  considered t o  a f f e c t  i n t e r n a l  drainage are:  

permeabili ty,  t ex tu r e  and s t r u c t u r e  
depth t o  bedrock 
depth t o  t h e  water t a b l e  
s teepness of s lope  
d i t ch  bank s t a b i l i t y  
flooding o r  ponding 
s a l i n i t y  o r  a l k a l i n i t y  
ava i l ab l e  o u t l e t s  

Figure 17: Key t o  S o i l  I n t e rp re t a t i on  Symbols 



Terraces and Diversions Sui tab i l i ty  Classif ications 

The categories here are: 

I no l i m i t s  t o  building terraces  
I1 moderate l i m i t s  

I11 severe l i m i t s  

The factors  determining the s u i t a b i l i t y  for  terraces  
are: 

p = slope, steepness and length 
r = depth t o  bed rock 
f = stones and outcrops of bedrock 
w = w i n d  hazard 
t = texture  and permeability 
c = channel s i l t a t i o n  
s = o u t l e t  ava i lab i l i ty  
e = flooding hazard 

Embankments Su i t ab i l i ty  Classif ication 

The major categories are: 

I no l i m i t s  t o  construct embankments 
I1 moderate l imits  

I11 severe l i m i t s  

The factors  determing su i t ab i l i ty  are: 
* 

r = depth of the s o i l  
t = s o i l  texture 
e = Soi l  erosiveness 
p = percent and length of slope 
g = presence of gypsum or  s a l t  
c = stones 

Pond Reservior Su i t ab i l i ty  Classif ication 

The major categories are: 

I no l i m i t s  t o  pond construction 
I1 mdera te  l i m i t s  

I11 severe l i m i t s  

The factors  determing s u i t a b i l i t y  are: 

t = permeability 
w = depth to  the water tab le  
r = depth t o  bedrock, less  than 2 meters 
p = slope 
e = flooding hazard 

Figure 17 (Continued) 
Key t o  Soil Interpretat ion Symbols 



Ranaeland C l a s s i f i c a t i o n .  Estimated Production 

I  good product ion of 200-500 K per  Ha 
I 1  l i m i t e d  product ion of 50-200 K p e r  Ha 

I 1 1  non-usable product ion 0-50 K per  Ha 

F igure  17 (Continued) 
Key to  S o i l  I n t e r p r e t a t i o n  Symbols 



Locat ion:  251 E 
1260 N 

-5-0 cm: vo lcan ic  bombs of 5  t o  30 cm. cover ing 75% of t h e  a rea .  

0-2 cm: A hor izon;  5YR 4/6 ye l lowish  r e d  ( d r y )  5YR 3/4 dark 
r edd i sh  brawn (we t )  ; s t r o n g  c l a y  loam; moderage medium 
and f i n e  subangular  blocky s t r u c t u r e ;  f r i a b l e  (d ry  and 
m o i s t ) ;  common po res  (1-2mm); t h i n  d i scont inuous  CaC03 
l a y e r  on rock fragments belaw t h e  so i l  s u r f a c e ;  
sgrongly e f f e r v e s c e n t ,  f i n e  disseminated CaC03; pH 7.5; 
a b r u p t  boundary; 

2-35 cm: B hor izon;  5YR 4/6 ye l lowish  r ed  ( d r y ) ,  5YR 3/4 dark 
r edd i sh  brown ( w e t ) ;  s tony  c l a y  loam; f i rm ,  f r i a b l e ,  
nons t icky;  s t r o n g  medium and l a r g e  subangular  blocky 
s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ,  f i n e l y  disseminated 
CaC03; pH 7.5; few c o a r s e  woody t r e e s  roots; c l e a r  and 
wavy boundary ; 

35-45+cm: Cca hor izon;  many cont inous  w h i t e  CaC03 coa t ings  on 
g r a v e l  uncemented; loose .  

Slope: S lope  of 2  t o  3% 

Pos i t i on :  On a  p l a t e a u ,  f l a t  t o p  

Vegetat ion:  2  t o  3% cover ;  " b i l c i n " ,  " i b a t e y s "  

C l a s s i f i c a t i o n :  f i n e  loamy mixed hyperthermi c  Typic  C a l c i o t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  r ; g 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 5% bush 

I n t e r n a l  d ra inage :  I11 r 

Te r races  and d ive r s ions :  I11 r ; t  

Embankments, d i k e s  and l evees ;  I11 r ; c  

Pond r e s e r v i o r :  I11 r 

Figure 18 



Figure $9: Example of Base Map, Scale 1:100,000, Sadai Region 
BEST AVAILABLE COPY 



Figurer3.0: Example o f  the National Soils Map, Scale 1:100,000, Sadai Region 
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3 . 3 . 4  Medium S c a l e  Mapping 

I n  a d d i t i o n  t o  the s m a l l - s c a l e  mapping conduc ted  
f o r  t h e  N a t i o n a l  S o i l s  I n v e n t o r y ,  t h e  s o i l s  o f  s e v e r a l  a r e a s  were 
mapped i n  g r e a t e r  d e t a i l  a t  a  l a r g e r  s c a l e ,  1: 25 ,000 .  These  
a r e a s  i n c l u d e  Sabba lou  and Chekhey t i  n e a r  D i k h i l  ( s e e  F i g u r e s  21 
and 22 ,  L o c a t i o n  Maps) ,  and t h e  w a t e r s h e d  o f  Dey Dey ( S e e  F i g u r e  
2 3 ) .  

S o i l s  - o f  S a b b a l o u  - and Chekhey t i  

The maps produced  i n  t h i s  s t u d y  h a v e  been  
made s p e c i f i c a l l y  t o  s e r v e  a s  a  g u i d e  f o r  d e c i s i o n  making on t h e  
p l acemen t  o f  d i s p o s s e s s e d  p e o p l e  r e s i d i n g  i n  D j i b o u t i  and under  
t h e  r e s p o n s i b i l i t y  o f  t h e  U n i t e d  N a t i o n s .  The o b j e c t i v e  i s  t o  
e s t a b l i s h  t h e  f e a s i b i l i t y  o f  a  r e s e t t l e m e n t  p r o j e c t .  I f  t h i s  
p r o j e c t  i s  approved ,  t h e  team w i l l  make a  more d e t a i l e d  and 
s p e c i f i c  s o i l  s t u d y  o f  s p e c i f i c  l o t s  f o r  deve lopment  t o  a s s i s t  
conce rned  t e c h n i c i a n s .  

T h i s  s o i l  s t u d y  i s  o n l y  a  g u i d e  t o  t h e  s o i l  
c o n d i t i o n s  o f  t h e  r e g i o n .  E v e n t u a l l y ,  more s p e c i f i c  d a t a  w i l l  b e  
c o l l e c t e d  on t h e  r e g i o n .  Due t o  t h e  v e r y  s h o r t  t i m e  a l l o t e d  t o  
d o  t h e  p r o j e c t ,  s o i l  c o n d i t i o n s  h a v e  been e s t i m a t e d  b a s e d  on 
soils i n  nea rby  a r e a s ,  and  s o i l  a v a i l a b i l i t y  is  assumed. 

S i n c e  i t  i s  s t i l l  u n c e r t a i n  where and how 
much wa te r  w i l l  b e  a v a i l a b l e ,  t h e  d e s c r i p t i o n s  and t h e i r  
i n t e r p r e t a t i o n s  on  s i t e  w i l l  n o t  be accompl ished  u n t i l  t h e  
p r o d u c t i v e  w e l l s  h a v e  been  l o c a t e d  and t h e  p r o j e c t  approved .  A t  
t h a t  t i m e ,  s o i l s  f o r  e a c h  l o t  w i l l  b e  de t e rmined  and s p e c i f i c  
i n t e r p r e t a t i o n  made. 

The soils d e s c r i b e d  h e r e  a r e  t h o s e  
e n c o u n t e r e d  i n  D j i b o u t i  d u r i n g  t h e  N a t i o n a l  S o i l  Survey .  A l s o  
i n c l u d e d  i s  t h e  name o f  an  American so i l  which i s  i d e n t i c a l  t o  
t h a t  s o i l  found i n  D j i b o u t i  b a s e d  on  t h e i r  i n t e r p r e t a t i o n .  More 
s p e c i f i c  i n t e r p r e t a t i o n s  w i l l  be f u r n i s h e d  when t h e  s i t e s  a r e  
d e f i n i t e l y  s e l e c t e d .  P h o t o s  # 2 4  t h r o u g h  # 2 7  show some o f  the  
so i l s  o f  t h e  a r e a .  

F i g u r e s  24 and  25  show some o f  t h e  1 :25 ,000  
s c a l e  maps p r e p a r e d  f o r  t h i s  medium-scale mapping p r o j e c t .  The 
f u l l  r e p o r t  on t h e  s o i l s  o f  these a r e a s  i s  found i n  Appendix J .  



Esquisse de Corte Phdologique 
Region. de Sabbalou 

Djibouti 
Frontier0 - Chemin do for 
Route revotuo -- - -- - Rarto omolioroo 

F i g u r e  21 :  L o c a t i o n  Map, S a b b a l o u  

BEST AVAILABLE COPY 



Esquisse de Corte Pedologique 
Region de Chekheyti 

Octobre 1981 

Djibouti 
Fronliere 

C)----.- Chemin de fer 
Route r e v e t w  -- - -- - Route omelioree 

0 10 20 Y) K i l o m r l m  

O 10 20 h ~ i ~ r r  

F i g u r e  22:  L o c a t i o n  Map, Chekheyt i  
7 4 



Esquisse de Carte ~bdologigue 
Region de Dey Dey et Damerjog 

Juin 1982 

Djibouti - Frontiem - Chrmin de fn 
Route revetw ------ Route omelioree 

F i g u r e  23: Location Map, Dey Dey 



Photo 124:  A garden on t h e  Houmbouli 
s o i l  a l ong  the  Gobbaad Photo #25: Eado Gafan s o i l  on  
wadi near Eas Ey la  road t o  Eas Ey la  

?hot0 #26:  Balarnbal s o i l  n o r t h -  
west o f  Eas Ey la  

Photo #27:  Chekheyt i  wadi channel 
west f rom recen t  f l o o d .  
Water i s  s a f e  from 
evapo ra t i on  below the  
su r f ace .  
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Figure 2 4 :  S o i l s  l l a p o f  Sabbalou 
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Esquisse de Carte pldologique 
Region de Sob balou 

Octobr e 1981 
Feuile 2 de 4 

Aada (274 ha)  
Hournboull (940 ha) 
Balarn ba I 
DiOlan Oer ( 387 ha) 
Cado Gofan 
&ado Gat an avoc dmos 
Oueah 
Wanni Oatar 
I l t  d'auod 
forago praposi 
li mni graph0 
mod 
piste 
jadin actuol 
06pouillQ 

Dr. Joseph E. Goebrl rt Mr. Aboubaker Doude 
Loboratoire danaIyrr des rds rt des eaux 
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F i g u r e  25: S o i l s  Map of Chekheyt i  

7 8  



Esquisse & Carte ddologique 
Region & Chekheyti 

Octobre 1981 

Feuile 2 de 3 

A06 Aada (I058 ha) 
Am3 ~oumbouli (363 ha) 
Di I5 Didlan Dor 
EGl2 CodoGafon 
€61 2-r Cado Gatan trod4 
ch lit d'ouod 
x torag, prooor; 

oued(125ha) 
5.. pato 
0 jot& octuo~ 

Dr. Joseph € Goebel at Mr. Aboubaker Doualr 
Labomtoire bono~yse des soh et des raux 
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3.3.4.2 S o i l s  o f  t h e  Dey Dey and Damerjog Watersheds -- -- 
A medium s c a l e  s o i l s  map was made of  t h e  Dey 

Dey and Damerjog watersheds because of t h e i r  proximity t o  t h e  
c i t y  ( s e e  Figures 26 through 2 8 ) .  They were a l s o  chosen for  
t h e i r  s i z e .  I t  was important t o  l e a r n  more about t h e  s o i l s  and 
water near t h e  c i t y  of D j ibou t i  t o  h e l p  answer development 
ques t ions .  The Houmbouli watershed was t o o  l a r q e  fo r  t h i s  
p r o j e c t .  The information w i l l  be h e l p f u l  for  water development 
f o r  t h e  farms of A t a r .  

I t  i s  recommended t h a t  t h e  s o i l s  mapping 
proceed on t h e  watershed b a s i s  because a l l  development i n  
D j ibou t i  i s  dependent upon water resources  which a r e  only 
a v a i l a b l e  from r a i n f a l l .  S ince  a watershed i s  t h e  catchment 
bas in  for  r a i n f a l l  r u n o f f ,  it becomes t h e  l o g i c a l  working b a s i s .  
D j ibou t i  has  no fences  o r  o the r  f e a t u r e s  t o  l o c a t e  p o l i t i c a l  
boundaries nor maps t o  s u b s t a n t i a t e  t h e s e ,  bu t  t h e  c r e s t  o f  t h e  
h i l l  t h a t  d i v i d e s  t h e  r a i n  water between two va l l eys  i s  r e a l ,  
everyone can s e e  i t  and i t  can be agreed upon i n  most cases .  

There i s  room f o r  some a g r i c u l t u r a l  
development near Darner jog,  based on excess f lood water seeping 
i n t o  t h e  channel.  A boulder back f i l l e d  t rench i n  t h e  Dey Dey 
Wadi would supply b e t t e r  water f o r  t h e  Atar Agr icu l tura l  P r o j e c t  
and i t s  neighbors. There i s  probably enough water for  one square  
ki lometer  of vege tab les .  

The following procedures were followed i n  
p repa ra t ion  of t h e s e  watershed s o i l s  maps: 

1. Make 1:100,000 s c a l e  map of t h e  watershed for  s lopes ,  
contours .  d ra inage  network and na t iona l  s o i l s  map t o  
se rve  a s  guidance; a l s o  l o c a t e  t h e  5% random sample 
s i t e s  t h a t  occur i n  t h e  watershed. 

2 .  Acquire t h e  1973 a e r i a l  photographs t h a t  cover t h e  
watershed ( s c a l e  approximately 1: 25,000). 

3. katch t h e  photos by e s t a b l i s h i n g  a common l i n e  on 
a l t e r n a t e  photos f o r  t h e  f l i g h t  l i n e  and ad jacent  
photos between f l i g h t  l i n e s .  Es t ab l i sh  no r th  and 
i n d i c a t e  t h i s  on t h e  photo. Write t h e  number of t h e  
matching photo. 

4.  Locate a t  l e a s t  3 UTM coord ina te s  for  each photo t o  be  
used i n  mapping. S e l e c t  those  with t h e  b e s t  c e r t a i n t y  
o f  i d e n t i f y i n g  t h e  spo t  on both t h e  photo and t h e  map. 
This w i l l  e s t a b l i s h  t h e  UTM g r i d  on t h e  photographs and 
provides  ground c o n t r o l  and o r i e n t a t i o n .  Write t h e  
g r i d  coord ina te  numbers on t h e  photo. 



Par 
Dr. Joseph E. Goebel 
Mr Aboubaker Douale 

et Farah Ornar 
Feuile 2 de 2 

- 
0 I 2 3 km Figure 26: Dey Dey Soils Map 
Eschelle = I :  100,000 

Western Half 



- 
0 I 2 3km 
Eschelle = 1: 100,000 



Figure 28 

Dey Dey Watershed Soils Map 
Example 

Scale 1: 25,000 



Take a  la rge  sheet  of paper. Pick one photo near the  
cen te r  of t he  watershed and place it i n  underneath t h e  
cen te r  of the  paper and t r a c e  t h e  matching l i ne s .  
Write t h e  number of the  photo i n  t h e  upper l e f t  corner 
of t h i s  square.  Trace t h e  UTM coordinates  on t h e  map 
and give them t h e i r  proper number. Place t he  matchinq 
photo on t h e  matching l i n e  under t he  paper, a f t e r  
removing t he  o the r  photo. I f  poss ib le ,  it i s  qood t o  
have a l l  t h e  photos spread t o  make a  rough mosaic. 
Copy t h e  same information, matching l i n e s  and 
coordinate  numbers, penci l  on t h e  paper. Do t h i s  f o r  
a l l  of t h e  photos t o  t he  edge of t h e  watershed. The 
photos w i l l  not f i t  exact ly .  

Es tab l i sh  t he  s ca l e  of t h e  map by measuring between 2 
g r i d  coordinates .  The fu r t he r  apa r t  t h e  b e t t e r .  You 
may check severa l  photos f o r  t h e  s c a l e  i n  t h e  same 
manner. 

Draw a  UTM g r i d  on t he  new map by passing through t he  
most UTM g r i d  po in t s  poss ib le  with a  east-west l i n e  
through t he  middle. Then e s t a b l i s h  perpendicular  l i n e s  
near both e a s t  and west ends passing c l o s e s t  t o  t he  
same row of coordinate  poin ts .  Armed with t h e  s c a l e  
and o r i e n t a t i o n  east-west and north-south, mark of f  one 
ki lometer  u n i t s  on a l l  these  l i ne s .  This requi res  
pa t ience  because when connecting t h e  l i n e s  t o  make t h e  
g r i d  t h e  i n t e r s ec t i on  o f t en  w i l l  not coincide with 
those  associa ted  with the  photos. T h a t ' s  due t o  
d i s t o r t i o n  i n  t h e  photos. 

Locate t h e  random sample s i t e s  on t h e  map. 

Punch r e g i s t e r  c l e a r  a ce t a t e  t o  t h e  photos and t r a c e  
t h e  information on t h e  photo. Now with t h e  sca led  q r i d  
p lace  t h e  i n t e r s e c t s  on t h e  s i t e s  i d e n t i f i e d  between 
t h e  photo and t h e  1:100,000 map. Es t ab l i sh  t h e  
loca t ion  of t h e  random sample s i t e s  and ink them on t h e  
a c e t a t e  and labe l  them. 

10.  Take t h e  photos t o  t h e  f i e l d  and d i s c r i b e  and sample 
t h e  s o i l s  i n  t h e  random s i t e s .  Map f ea tu r e s  a s  needed 
Aer ia l  support  f o r  f i e l d  work i s  necessary. 

11. R e t u r n  t o  t h e  o f f i c e  and proceed t o  map t h e  remaining 
photos and l a b e l  t h e  s o i l  un i t s .  

1 2 .  Es tab l i sh  as  many s o i l  s e r i e s  a s  occur and develop 
desc r ip t ion  and i n t e rp r e t a t i on  of t he  s e r i e s .  

13. Write up t h e  mapping u n i t  descr ip t ion .  



Use t h e  v e r t i c a l  sketchmaster t o  take  ou t  photo 
d i s t o r t i o n  and put t h e  s o i l s  map a t  exact ly 1;25,000 
s ca l e  on a  t r a n s f e r  sheet  of paper. Be su re  t o  
t r a n s f e r  t h e  UTM g r i d  coordinate  i n t e r s e c t s  and t h e i r  
number. Also t r a c e  t h e  drainage channels,  roads, and 
watershed boundaries -- each i n  a  d i f f e r e n t  color .  Be 
su re  t h e  same areas  match between photos. 

C u t  t h e  1:25,000 s c a l e  t r a n s f e r  shee t s  ou t  and a t t a ch  
them together .  This map i s  placed over and r eg i s t e r ed  
t o  a  100 square kilometer g r i d  i n  c l e a r  a ce t a t e ,  by 
matching as  many coordinates t o  t h e  g r i d  as  poss ib le .  

Place a  clean sheet  of c l e a r  a c e t a t e  over t h e  paper 
constructed map and t r a ce  t h e  s o i l s ,  drainage channels, 
Yoads, watershed boundaries, and o the r  important 
information. The map i s  ready fo r  reproduction. 

B e  su re  t h e  s o i l s  c l a s s i f i c a t i o n s  a r e  cons i s t en t  
between ad joining watersheds. 

Measure t h e  watershed and each of t h e  s o i l  a reas .  

Complete t h e  repor t  including t he  s i t e  desc r ip t ions ,  
t h e  s o i l  s e r i e s  descr ip t ions ,  t h e  s o i l s  
i n t e rp r e t a t i ons ,  t he  mapping u n i t  d i s c r i p t i o n s ,  l i s t  of 
mapping u n i t s ,  l i s t  of s o i l s  s e r i e s  encountered and 
t h e i r  c l a s s i f i c a t i o n .  

Make a  reduced, convenient map fo r  general  
d i s t r i b u t i o n  and cor rec t  t he  na t iona l  map accordingly.  
Photos #28 through #31 i l l u s t r a t e  some s o i l s  of t h e  Dey 
Dey region. 

The f u l l  r epor t  on t h e  s o i l s  of t h e  Dey 
Dey and Damerjog watersheds may be found i n  Appendix K 
of t h i s  r epor t .  

Large Scale  Land Ownership Mapping 

Due t o  t he  small  s i z e  of t h e  a g r i c u l t u r a l  
f i e l d s  i n  Djibouti ,  it i s  necessary t o  e s t a b l i s h  a  mapping 
capab i l i t y  a t  1:5,000 s c a l e  which i s  f i v e  times l a rge r  than t h e  
l a r g e s t  s c a l e  photography ava i l ab le  and twenty times l a r g e r  than 
t h e  only serv iceable  topographic map. 

Therefore, Beverly Roll ins ,  a  volunteer with 
t h e  Agr icul tura l  Services,  learned how t o  l oca t e  d e t a i l  from t h e  
1:100,000 topographic map t o  t h e  1:25,000 a e r i a l  photos. She 
then loca ted  t he  farm ag r i cu l t u r a l  a reas  (See Figure 2 9 ) .  The 
information of t h e  black-and-white photos were enlarged and 
compared t o  some hand-held 35 mm color  s l i d e s  of t h e  present  
condit ion i n  t he se  two areas  ( s ee  Photos #32 and #33) .  The 
d i s t o r t i o n  was removed and a  1:5,000 s c a l e  map was es tabl i shed 



p h o t o  #28:  The EEC's a g r i c u l t u r a l  Pho to  #29: 
H i l l s  i n  f o r e g r o u n d  

p r o j e c t  o f  A t a r  o n  t h e  
a r e  D i t a  s o i  1 

. - 

c o a s t a l  s o i l  c a l l e d  A t a r  

Photo  #30: G u i s t i r  s o i l  w i t h  Eulma Pho to  #31 : Due t o  r o c k  c o v e r ,  we f l e w  
s o i l s  where  t h e  p e o p l e  and i n  w i t h  p i l o t  t o  d e s c r i b e  
t r e e s  a r e  n o n e x i s t e n t  t h e  G u i s t i r  s o i l  
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Esquisse de Carte des Propibtbs 
Region de Douda Weyn 

Djibouti 
Frontiem - Chrmin do for 
Rouh rrvrtue ------ Routr omrlioroo 

.a Weyn 

F i g u r e  29:  L o c a t i o n  Map, Douda Weyn 



Photo #32:  New Garden expans i o n  i n  
I982 

Photo # 3 3 :  Two garden s i t e s  i nc l uded  
i n  Houmbouli i nven to ry  and 
mapping o f  gardens 

8 7 
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using t h e  Universal  Transverse Mercator (UTM) k i lometer  g r i d  a s  a  
base f o r  p l a c i n s  and loca t ing .  This p resen t s  a  l a rge  enough 
s c a l e  t o  begin t o  l o c a t e  t h e  a g r i c u l t u r a l  inventory on t h e  map. 
I t  i s  expected t h a t  t h i s  procedure can be expanded t o  o t h e r  a r e a s  
such a s  Asala, Hanle, Tadjorah, Obock, e t c .  

I n  making a  map it i s  important t o  have a  
base map which e s t a b l i s h e s  t h e  l o c a t i o n  of f e a t u r e s  t o  be 
i d e n t i f i e d  on t h e  ground. Since Dj ibout i  has few roads,  fences  
and channels a s  we l l  a s  la rge-sca le  maps, t h e  b e s t  maps a v a i l a b l e  
a r e  t h e  1:100,000 s c a l e  topographic map. S ince  t h e r e  i s  no 
l a rge - sca le  t h a t  covers t h e  country,  t h i s  p r o j e c t  has  used t h e  
U T M ,  one-kilometer g r i d  base  of t h e  1:100,000 map a s  t h e  s p e c i f i c  
base map. The i n t e r s e c t i o n  of t h e  north-south l i n e s  wi th  t h e  
east-west ones need only then t o  be e s t ab l i shed  f o r  each l a r g e r  
s c a l e  and a  s e r v i c e a b l e  map can be made. 

Therefore ,  i n  t h i s  p r o j e c t ,  we compared t h e  
f e a t u r e s  of t h e  1:100,000 s c a l e  map t o  those  of t h e  1:25,000, 
1973, a e r i a l  photographs. Severa l  UTM g r i d  l o c a t i o n s  a r e  placed 
on an a c e t a t e  ove r l ay ,  punch r e g i s t e r e d  t o  t h e  a e r i a l  photo. The 
s c a l e  i s  e s t a b l i s h e d  and a  f u l l  g r i d  made by sc ra t ch ing  t h e  
a c e t a t e  t o  avoid o b l i t e r a t i n g  t h e  photo. 

A t  t h i s  time t h e  s e l e c t e d  f e a t u r e s  a r e  t r a c e d  
on s e p a r a t e  over lays  t o  f a c i l i t e  updating.  This map i s  then  
t r a n s f e r r e d ,  using v e r t i c a l  sketchmaster t o  g r i d  a t  exac t ly  
1:25,000. F igure  30 shows t h e  r e s u l t a n t  1:25,000 base  map. 

We a l s o  took 35 mm s l i d e s  of t h e  p resen t  
a g r i c u l t u r e  i n  Houmbli and Bouda from about 500 meters e l e v a t i o n .  
Care was taken i n  t h i s  s t e p  t o  hold t h e  camera v e r t i c a l  t o  t h e  
ground t o  acqu i re  ove r l ap  on a l l  s ides .  

A t  t h i s  po in t  t h e  1:25,000 map of 1973 
f e a t u r e s  a r e  merged with t h e  1982 s l i d e s .  The a e r i a l  photos 
enable  one t o  l o c a t e  t h e  f e a t u r e s  on t h e  1:100,000 s c a l e  map i n  
s u f f i c i e n t  d e t a i l  t o  recognize i t s  placement on t h e  1:5,000 s c a l e  
map ( i n  t h i s  case  t h e  c o l o r  s l i d e s ) .  To f a c i l i t a t e  t h i s  t r a n s f e r  
a  perpendicular  i s  e s t a b l i s h e d  between those  p o i n t s  recognized on 
both t h e  1:25,000 s c a l e  map and t h e  co lo r  s l i d e .  The 1:25,000 
s c a l e  map i s  then placed on a  board and moved to/from t h e  
p r o j e c t o r  t o  accomplish s c a l e  and it i s  f i l t e r e d  t o  compensate 
f o r  d i s t o r t i o n .  Then t h e  new f e a t u r e s  a r e  t r aced  on a  s h e e t  of 
paper  placed over t h e  1:25,000 s c a l e  map. 

The new map, with t h e  placement of fences ,  
channels,  roads and bui ld ings  i s  then enlarged t o  1:5,000 s c a l e .  
The f i n a l  map i s  comprised of a  shee t  f o r  each square  k i lometer  
of t h e  UTM g r i d  (10 cm X 10 cm). Figure 31 shows a  
r e p r e s e n t a t i v e  1: 5,000 s c a l e  map. The mylar s h e e t s  a r e  punched 
and t h e  g r i d  i s  d iv ided  i n t o  100 p a r t s .  Each type  of f e a t u r e  i s  
placed on a  s e p a r a t e  s h e e t  of mylar. 
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Figure 31: Land Ownership Map 
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A s i n g l e  photocopy i s  made and taken t o  t h e  f i e l d  
f o r  adjustment,  v e r i f i c a t i o n  and logging ownership. The f i e l d s  
a r e  measured with a  planimeter  and t h e  s i z e  of t h e  f i e l d s  a r e  
ass igned  t o  t h e  appropr i a t e  p r o p r i e t o r .  

The e n t i r e  Land Ownership Mapping Report i s  
t o  be found i n  Appendix L. 

Supplementary Mapping 

An assortment of maps a r e  needed t o  proper ly  p lan  
and execute  an a g r i c u l t u r a l  development plan f o r  Dj ibout i .  
Knwledge about t h e  ex ten t  of watersheds,  s lope  condi t ions ,  
c l imate ,  e l eva t ion  and physiography w i l l  permit  computations t o  
determine how much water i s  a v a i l a b l e  and where t h i s  water  may be 
deployed t o  s u i t a b l e  s o i l s .  

Numerous maps were prepared f o r  t h i s  p r o j e c t .  
They inc lude  m d i f i c a t i o n s  of topographic and base  maps, s lope  
maps, physiography, watershed maps, d e t a i l e d  s o i l s  maps, 
gene ra l i zed  s o i l s  maps, s o i l  c l ima te  maps, zones of a g r i c u l t u r e  
c l a s s e s ,  land c a p a b i l i t y  maps, i r r i g a t i o n  s u i t a b i l i t y  maps, and 
range s u i t a b i l i t y  maps. 

3.3.6.1 Base Maps 

The topographic c o n t r o l  used i n  t h i s  
s tudy  was based on t h e  1:100,000 s c a l e  maps of t h e  I n s t i t u t  
Geographique Nat ional  of France. The maps produced were a l s o  a t  
t h a t  s c a l e  and a t  a  s c a l e  of 1:300,000 f o r  t h e  i n t e r p r e t i v e  maps. 
F igures  32 through 34 s h w  por t ions  of t h e  1:300,000 base maps 
f o r  t h e  p r o j e c t  and inc lude  UTM g r i d  system and topography. 

3.3.6.2 Slope Maps 

Slope maps have been prepared f o r  t h i s  
p r o j e c t .  The s lope  c l a s s e s  used a r e  those  of t h e  USDA. The 
d i f f e r e n t  c l a s s e s  of t h e  s l o p e  a re :  

Class  Slope 

The f i r s t  t h r e e  c l a s s e s  of s lope  a r e  
usua l ly  s u i t a b l e  f o r  a g r i c u l t u r e .  The o t h e r s  c o n s t i t u t e  s i t e s  
which need f u r t h e r  i n v e s t i g a t i o n  concerning s u r f a c e  water run- 
o f f .  The s t ronge r  s lopes  a l s o  need p a r t i c u l a r  c a r e  i n  s e l e c t i o n  
of  equipment. Photos #34 through #37 show examples of t h e s e  



s l o p e s .  An example o f  a 1 :100 ,000  s c a l e  s l o p e  map i s  found i n  
F i g u r e  35. An example o f t h e 1 : 3 0 0 , 0 0 0 s c a l e  s l o p e  map i s  
i l l u s t r a t e d  i n  F i g u r e  36.  An example o f  a p h y s i o q r a p h i c  map i s  
found i n  F i g u r e  37 .  
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Figure 32:  Republique de D j i b o u t i  
Sca le  1: 3 0 0 , 0 0 0  





Figure 33: Carte de Projection ou Mercator Transverse Universelle 
Universal Transverse Mercator Grid 
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Figure 3 4 :  Car te  Avec Courbes de  Niveau au  des sus  du l a  Mer 
Topographic Flap (Contour I n t e r v a l  - 1 0 0  meters)  



' ho t0  1 3 4 :  D-slopes on l e f t  and 
and F -s lopes  on r i g h t  
and A-s lope i n  t h e  channel  
shows how i m p o r t a n t  s l o p e  
i s  o n  t h  i s Oueah s o i  l 

'hot0  1 3 5 :  F - s l o p e  on l e f t  and 0 - s l o p e  
i n  t h e  v a l l e y  f i l l  c o n f i n e d  
by d i s t a n t  c o n s t r i c t u r e  

l o t o  1 3 6 :  Grass on Aada. A-s lope 
i n  a  P l a y a  near  Eas E y l a  

Photo  1 3 7 :  A-s lope  o f  Dabaga la le  
s o i l  a l o n g  t h e  c o a s t .  T h i s  
s o i l  i s  v e r y  s a l t y  
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i g u r e  3 6 :  C a r t e  de  Pen te  Topographique Rgduction de  L ' E s c h e l l e  1:100,000 
Slope  Map 

9% 



C a r t e  d e  P e n t e  

T o p o g r a p h i q u e  

R e d u c t i o n  d e  L '  E s c h e l l e  

1 : 1 0 0 , 0 0 0  

EXPLICATION 

A '  p e n t e  d e  0  - 1% 

A p e n t e  d e  0  - 3% 

B p e n t e  d e  5  - 8% 

C  p e n t e  d e  1 0  - 16% 

D p e n t e  d e  20 - 30% 

E p e n t e  d e  4 5  - 65% 

F p e n t e  d e  7 6 5 %  

F i g u r e  36: C o n t i n u e d  

9 9  





Figure 37: Carte des Zones Physiographique de Djibouti 
Physiographic Provinces 



L i s t  o f  P h y s i o g r a p h i c  Zones i n  D j i b o u t i  

Cou l6e  d e  Lave d e  O u l o u e t o  

Badda Adwaea 

Zone d '  C o t e a u  d '  Ba lho  

P l a i n e  d l  Habsou 

P l a t e a u  d '  Gaum Baro  

Montagnes d l  Yoboki 

P l a i n e  d '  Gaggade 

P l a i n e  d l  Hanlg 

P l a t e a u  d '  Dakka 

P l a i n e  d '  Gobaead 

V a l l G e  d e  L ' A s s a l  

P l a t e a u  d '  Hahay la  

Badda Weyn 

Montagnes  d '  D i k h i l  

Badda Yar 

Montagnes  d '  A l i  S a b i e h  

Montagnes  d l  Boura  

P l a t e a u  d 1  Hol Hol 

Montagnes  d '  Oueah 

C o l u v i o n s  d l  T a d j o u r a  

Montagnes  d '  Randa e t  MZlba 

C o l u v i o n s  d 1  S a d a i  

Zone dl Mar6e de Degad 

P l a t e a u  d l  Deseyna 

Montagnes  d '  Moydato 

Montagnes  d '  Cokkogof to  

P l a t e a u  d l  Assa  Gueyla  

Montagne d '  A l a i l i  Dadda 

C o l u v i o n s  d l  Moulhoule  

Zone d l  Mar6e d e  Doumeira 

C o l u v i o n s  d '  Khor Angar 

P l a i n e  d '  Loyada 

FIGURE 3 7  (Con t inued )  



3 . 3 . 6 . 3  Watershed ~ a p p i n g  

The team iden t i f i ed  6 1  watersheds 
and named them. The following Tables 1  through 1 2  give t he  name 
of  t he  watershed, the  d i f f e r en t  c lasses  of s lope and the  t o t a l  
a rea  of each for each map sheet.  Table 1 3  aives  the  names of  t he  
watersheds, t h e  t o t a l  for a l l  c lasses  for each slope c l a s s  and 
the  t o t a l  area for  each watershed. Table 1 4  shows the  
d i s t r i b u t i o n  of s o i l  mapping u n i t s  by watershed. Fi9ure 3 8  and 
Figure 3 9  show examples of watershed maps. 



TABLE 1: TOTAL AREA FOR THE MAP SHEET OF LOYADA 

- 
NAME OF WATERSHED A A B C D E F TOTAL 

B a r i s l e  

Hournbou 1 i 

Douda 

Danerd j o g  

Deydey 

Beyya Eadday 

Beyya Dader 

T o t a l  : 

TABLE 2 :  TOTAL AREA FOR THE MAP SHEET OF EALl SABIEH 

- 
NAME OF WATERSHED A A B C D E F 

Ghoubbat a1 
Kha rab 15.3 55.5 42.5 64 26.1 36.4 

Menga 1 a 4 1 1  1 

Sangor t  i 

Bada Yar 

Houmboul i 

Douda 

Bada Weyn 

Dey dey 

Beyya Eady 

Beyya Dader 

Han le  

T o t a l  : 

TOTAL 



TABLE 3 :  TOTAL AREA FOR THE MAP SHEET OF DlKHlL 

- 
NAME OF WATERSHED A A B C D E F TOTAL 

Gobaead 

Koutabbouyya 

Wayie lou 

Han l e 

Bada Weyn 

Bada Yar 

Menga l a 

Gaggade 

Leeado 

Abhe Bad 

T o t a l  : 

TABLE 4 :  TOTAL AREA FOR THE MAP SHEET OF ABHE BAD 

- 
NAME OF WATERSHED A A B C D E F TOTAL 

B i e i d a  21.3 73.9 55.5 36.9 1.9 21.8 21.7 233 

Han l e 16 50.8 12.7 16.9 6.8 39.8 143 

Wayie lou 62.5 40 6.6 8.4 1.5 119 

Leeado 22.5 88 86.4 1.3 4 4.8 207 

Koutabbouyya 50.8 6.2 8 3 68 

Abhe Bad 29.4 107.3 81.8 54.6 20.7 15.9 2.3 312 

Sobaead 165.5 9.5 5.1 13 12.9 206 

ro ta1  : 305.5 388.7 293.9 124.4 54.8 42.5 78.2 1288 



TABLE 5: TOTAL AREA FOR THE YAP SHEET OF DJIBOUTI 

NAME OF MAP SHEET 

Eambada 

Houmboul i 

Douda 

Damerd jog 

Deydey 

Afadi 

Dal l ey i  

Galato 

Orobor 

Taga r r e  

Arkai l e  

Sada i 

Debergade 

Alayla 

l les  

Tota 1 

TOTAL 

5 1 

117 

5 8 

3 

2 

18 

9 4 

3 7 

67 

5 2 

5 1 

42 

17 

22 

7 

638 



TABLE 6:  

NAME OF WATERSHED 

Ghoubbat a1 Kharab 

Sangor t i 

Houmboul i 

Eambada 

Afay 

Easa Foeo 

Le i  l e  

Easal ey i 

Oyla l  i 

Earoy r a  

A s a l a l a l  

Dar i yyou 

Adweea 

Madandayada 

Wee i ma 

Menga 1 e 

Sada i 

Marsaki A b a b o l l a y i  

A f  ad i 

Dal l e y i  

T o t a l  

TOTAL AREA FOR THE MAP SHEET OF TADJOURA 

- 
A A B C D E F TOTAL 

7 2 24.1 15 5.2 7.7 61 

5.1 29.3 91.2 13.9 5.5 145 

24.4 30.1 10.5 7 5 

4.7 18.8 40 7.2 7.3 78 

6.9 13.8 18.4 19.3 15.6 7 4 

9.2 2.8 51.9 24.1 61 149 

4.6 10.5 14.6 23.3 5 3 

14.4 18.7 6.9 28.7 87.3 156 

39.7 4.7 61.1 2.5 108 

0 .5  4 0.5 5 

26.6 5.5 2.9 35 

17 13 12 42 105 189 

2.8 39.6 113.8 126.7 42.5 12.6 338 

2.1 3.9 12.7 7.3 2 6 

2.6 25.9 53.8 23.8 64.9 171 

17.3 18.8 7.9 89.2 110.8 244 

12.7 73 65.3 151 

5.5 54 9 21.6 82 

l o  29.2 32.9 18.3 81.8 2.8 175 

17 17 

12.6 115.1 242.1 519.3 619 789.1 43.5 2332 



TABLE 7: TOTAL AREA FOR THE MAP SHEET OF EASAL 

- 
NAME OF WATERSHED A A B C D E F 

Eounda Dobi 6.2 7 16.5 38.4 13.9 3 

Han 1 e 12.9 37 23.7 15.1 50 47.3 

Gaggade 79 

Bada Yar 

Ghoubbat a1 Kharab 

Deree l a  50.4 

Ka lou  

F a n t i  G a r r a y t o  

Habsou 48.7 

Ea roya 

O y l a l  i 

Easa 1 70.7 

H a r r a l o l  i 40.4 

A s a l a l a l  14.2 

l d d i  l e  

Yawl i 

Adwaea 17.2 

Daba Babdr i  

Menga 1 a 

T o t a l  : 339.7 

TOTAL 

105 

186 

191 

3 8 

7 

428 

7 7 

9 4 

342 

6 3 

59 

544 

194 

178 

84 

5 6 

187 

14 

49 

2896 



TABLE 8: TOTAL AREA FOR THE MAP SHEET OF GAMARRI 

- 
NAME OF WATERSHED A A B C D E F TOTAL 

B i  e i  da 2.9 13.9 2 9.2 28 

Hanle 68.5 35.8 26.4 42.9 50.8 24 26.6 275 

Eounda Dobi 35.2 5.7 5.9 29.2 53.7 22.6 4.7 157 

Habsou 3.5 40.7 39.2 84.4 3.6 42.6 21 4 

Tota 1 103.7 47.9 86.9 111.3 190.9 59.4 73.9 6 74 

TABLE 9: 

NAME OF WATERSHED 

Tagarre 

Sada i 

Debergade 

Sorha 

A l a y l a  

Eaygou 

Kabie l  i S a r i g  

Gor roy 1 i 

Kadda Hayyoukal i  

T o t a l  : 

TOTAL AREA FOR THE MAP SHEET OF KHOR ANGAR 

- 
A A B C D E 

7.5 11.5 

64.5 16 42 127.5 90.3 90.7 

7 3 1 

329.6 14 15.1 7.3 

4 0 1 

2 38 2.9 22.1 46.9 53.1 

388.8 40.6 63.5 89.4 71.7 

5 4 3 3 35.3 60.3 62.9 42.5 

34.1 1 4 1 19.9 3 

1222 50 138.8 276.4 322 279.8 

F TOTAL 

19 

43 1 

7 4 

366 

4 1 

36 3 

654 

288 

6 3 

2299 



TABLE 10:  

NAME OF WATERSHED 

Adweea 

Madandayada 

Wabbey t a  

Wee i ma 

Kadda Hayyouka l i  

Gor roy l  i 

Sada i 

T o t a l  : 

TOTAL AREA FOR THE MAP SHEET OF DADDAETO 
- 
A A B C D E F 

19 

6 .5  29 1 19.2 90.3 1 

47.9 369.5 89.3 32.9 31.4 

15.5 276 275.7 162.3 346 278.1 6.4 

1.9 17 34,l  

1 6.4 12 60 35.6 

40.1 36.6 121.7 117.8 126.8 11 

69.9 714.6 410.9 348.1 681.2 474.6 18.4 

TABLE 11 : TOTAL AREA FOR THE MAP SHEET OF DORRA 

- 
NAME OF WATERSHED A A B C D E F 

Yawl i 4 8 5 

Daba Babdr i  1 1  2.6 3.8 5 18.2 

H a r r a l o l  i 0.5 7.4 14.3 4.8 

Adweea 130.4 225.6 74.3 155.7 56.2 11.2 15.6 ' 

Madandayada 18 88 103.4 102.5 59 39.8 7.3 

A s a l a l a l  2.8 30.3 14.2 5.2 23.2 5.3 13 

Wabbey t a  19.4 44.4 43.1 41 15.1 

T o t a l  : 171.1 354.9 236.3 387.9 197.5 81.4 58.9 

TOTAL 

19 

147 

570 

1360 

5 3 

115 

454 

2718 

TOTAL 

5 3 

64 

2 7 

699 

41 8 

9 4 

163 

1488 



TABLE 12: 

NAME OF WATERSHED 

Kab ie ldo  S a r i g  

Gor roy l  i 

Kadda Hayyouka l i  

Sosawl i Daea r 

Weei ma 

T o t a l  : 

TOTAL AREA FOR THE MAP SHEET OF DOUMERA 

- 
A A B C D E F TOTAL 

5 2 7 

96 1 9 7 

23 1 15.1 26.3 1.6 274 

167 4.8 41 8.3 3.9 225 

51.3 12.8 20.3 19.6 104 

550.3 12.8 7.8 76.4 54.2 5 .5  707 



! u ~ n t  br /A  A b c' U t t' NAP ShEUZ' 'I'uTHL bY TOTAL AREA 
~ U A ' L L K ~ H L I J  NAMES NAEICD FOR THE 

HAP SHEET \uATERSHED 

~ h h t  BHU 9 4 1 0 7 . 3  87 .8  5 ZU.7 1 5 . 9  2.3 D I K H I L  6 
AbhE bAU 3 1 2  318 

7 EASAL 
TADJOURA 1 ' AUlrIiEH 15U.4 L2b .b  113 .9  313.5 291.7  53 .7  64.2 DOKRA 18 7 I 
DAuUAETO 338  

4.6 14 .6  29.2 37 .4  19 .3  81 .8  6 .1  D J I b O U T I  1 8  
TADJOUHA 1 7 5  

b. 9 13 .8  18 .4  1 9 . 3  15 .6  TWJOUHA 7 4  

39.1  5 9 . 1  3.9 D J I B O U T I  2 2  
KHOH ANGAR 4 1  

5 . 1  L1 .b  7 l U . 5  6.8 U J I b u U T I  5 1  

CASAL 
A b U L A L  1 7  44.3 14.2 26.4 153.4  8 4U.7 TADJUUhA 3 5  

DOKRA 94 

BHUH NGYN 352.2 63 .4  1 7 L . 5  l l U . 4  1 . 3  1.2 E A L I  SABIBH 7 3 9  
D I K H I L  1 5 1  

BHUH YAK ZL 1 2 . 1  69 .9  Sb.8 45.7 6 . 5  U I K H I L  53 
E A L I  SAb IEH 1 2 2  

1U Yb 1 1 LOYAUA 

AU 49.6 336.7 14U.3 1 6 U . i  194.3  8.9 LOYADA 
EALI SABIBH 6 7 1  

3 7  LU5.2 L l . 2  2 3  192.1  8 LOYADA 
EALI SABIEH 413  

3 7 . 8  69.4 36.9 3.9 3 1  21.7 A B h k b A U  233  
GANAKHI 28 

11 3L.4 5 9 .8  19 .8  EASAL 
DOHHA 6 4 

UALLEY 1 4 8.2 4.2 2 . 3  1 .  54.4  2.7 u J I B G U T I  94  
TADJOURA 1 7  

UAkt;N.~Juti l b  42  D J I b O U T I  3 
LOYHDA 5 5 

UHHKI Yuu 1 7  1 3  1 2  4 2 1 U 5 TADJOUHA 1 8 9  

: 1 ULBLII~~HY~; 82.9 4.3 3.8 KHOR ANGAR 7 4  
D J I b U U T I  1 7  

UEKt i t LA  3U.4 3 b . l  2 ~ 2  71.6 17 .9  5 0  EASAL 

TABLE 13: Slope Class  by Watershed 
11  1 

, - 



L ~ H ~ L  UP / A  H U C L, I5 t A I 5  'ICJ'I'AL B Y  'L'C!TAL AREA 
bdH'l'LK>HLU NALIE3 ~ A ? i t I l  t'OK 'I'HE 

M A P  SbktT WA'I'EKSHUU 
LUYAbA 17 1 328 

UbIbi5'I 2 . 7  1 6 7 . 5  39  2 2. 49 .3  1 5  D J I B O U T I  2 
EAL1  SAb1EH 1 5 1  

LUYAbA 5 4 1 2 0  
UJ IBUU ' I I  58 
EAL1  SABIEH 8 

I M I B U U T I  5 1  
TADJUUHA 7 8  

4 .5  EASAL 6 3  
TADJOUHA 5 

TADJOURA 1 4 9  

180.2  EASAL 544  

TAUJOURA 1 5 6  

KHOH ANGAR 3 6 3  

27.7 GAnAhHI  1 5 7  
EASAL 1 0 5  

1 4  - 4  EASAL 19 1 
U I K H I L  8 6 3 

T H W ~ U R A  6 1  
8.7 EASAL 7 

E A L I  SAb IEH 2 4 0  
26.8 D I K l i I L  3U 8 

AbhE BAU 2l1h 

LJUUHL HA 9 7 
KHOH ANGAR 2i38 
DADDATU 11 5 

146.9  G ~ M k k 1  214 
EASAL 3 4 2  

D I U  I L  1 2 8 0  
EASAL 1 8 6  

4 584.2 287.3 2 2 2  193.9  141.6  113.4  GAHAHkI 27 S 
Abnt; BAD 1 4 3  
E A L I  SABIEH 20  

HHkKHLUL l  40.9 13 .3  7.4 12U.3 2.4 3b.7 EASAL 1 9 4  
DOHHA 2 7 

E A L I  SABIEH 3 7 4  
D J I B O U T I  1 1 7  
LUYADA 5 6 
TAWUURA 7 5  

TABLE 1 3  (Continued) 
Slope Class by Watershed 

1 1 2  
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N & l t  UF ' /A A b C D E Y RAP bHEET TOTAL bY TOTAL AREP 
~ ~ ' L t n b k t v  NAMES NAMED FOR THE 

MAP SHEET WATERSHED 

i uULE 7 b3  . ' 4  4 EASAL 84  84  

i ~ t b  7 WIBOUTI 7 7 

KAMltLI KHOH ANGAR 654  6 6 1  
bAKI ti 393 .8  40.b 65 .5  89 .4  71.7  DOUME RA 

IJADUA TO 5 3  390 

7 . 3  29.4  1 6 . 8  EASAL 7 7 7 7 I 
DIHKIL 208 276 

4 .9  2.6 ABHEBAD 6 8  

4 4 .8  AWE BAD 207 214 I 

DIKHIL 7 

14 .6  23 .3  TADJOURA 5 3  53  
I 
! 

8 Y . 2  1 1 0 . 8  TADJOURA 244 244 I 
*. EALI SAbIEH 1 6  

8 . 7  6 . 2  4 . 3  DIKHIL 2 9 
EASAL 49 

32.7  3 .7  2.8 DJIbOUTI 6 7  

4.7 66.7  4 . 5  EASAL 5 9 
TADJOUHA 1 0 8  

TADJOURA 1 5 1  
DJIBOUTI 42 

284 282 .8  11 DADDA TO 454 
KHOH ANGAR 4 3 1  

114.6  13 .9  5 .5  EALI SABIEH 26 
TADJOURA 1 4 5  

15 .1  7 . 3  KHOR ANGAR 366 

4 1 8 . 3  - 3 . 9  DOUMERA 255  

22  3 3 . 8  -9 KHOR ANGAR 19  
DJIbOUTI 5 2  

TABLE 1 3  (Continued) 
Slope C l a s s  by Watershed 

l3 
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TABLE 14 

AMOUNT OF EACH S O I L  MAPPING U N l T  BY W 

MAPPING U N l T  SYMBOL 

NAME OF A Z  AD A K  AR A T  AW B A  DA DG DD DA D l  DB DT EG EA EO GA GB H A  
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 4 16 12 10 

: ABHE BAD 90 18 6 

ADWEEA 87 115 89 

AFAD I 

AFAY 5 3 18 
- 17 

ALAY LA 16 16 31 

ARKA l L E  4 
- - -- - - - - 

A S A L A L A L  2 65 14 17 70 2 2 

BADA WEYN 157 31 24 16 146 80 I S  63 19 252 

B A D A Y A R  13 66 35 14 46 

! BAR1 S L E  I 2 

BEYYA EADDEY 78 2 2 73 58 8 30 136 2 0 6 2 

( B E Y Y A  DADER 119 9 8 5 

DAB A 
BABDR l 

DALLEY l 11  5 3 

DAMERDJ OG 9 2 7 
- -- - - --- - - - 

I TOTAL : 286 262 115 204 35 16 533 363 41 30 406 56 220 4 16 31 -0- 18 371 79 4 

114 
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BY WATERSHED 

HA HH JA KL LD MA OU RD WD 17 19 20 25 28 TOTAL FOR 
10  27 16 4 9 16 9 12 WATERSHED 

BEST AVAILABLE COPY 



TABLE 14 (Continued) 

AMOUNT OF EACH SO1 L MAPPING U N l T  BY WP 

. . MAPPING U N I T  SYMBOL 

NAME OF AZ AD AK AR AT AW BA DA DG OD DA D l  DB DT EG EA EO GA GB HA 
WATERSHED 15 9 33 9 1 6 16 16 1 1 0  9 5 9 10 12 31 4 16 12 10 

DARR l YOU 6 9 3 3 

DEBERGADE 6 4 76 

DEREELA 

DEY DEY 15 13 1 8 1 12 I 
DOUDA 17 3 18 3 

EAMBADA 1 

EAROY RA 1 1  5 1 

EASA FOE0 35 5 65 

EASAL 58 136 33 69 3 5 3  27 
- - - - - - 

EASALEY l 4 1 

EAY GO U 48 5 6 3 6 7 1 30 14 8 

EOUNDA DOE l 24 2 50 4 5 4 17 

F A N T l  GARRAYTO 4 2 3 

GAGADDE 

GHOUBBAT 
A L  KHARAB 

TOTAL : 55 33 94320 13 66 hi5 242 80 26 149 15 155 89 4 34 90 16244 1 
115 
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Y WATERSHED 

HA HH J A  K L  L D  MA OU RD WD 17 19 20 25 28 22 29 T O T A L  FOR 
10 27 16 4 9 16 9 12 13 WATERSHED 

18 74 - 5 17 1 89 

5 9 1 



TABLE 14 (Continued 

AMOUNT OF EACH SOIL MAPPING UNlT B! 

MAPPING UNlT SYMBOL 

NAME OF AZ AD AK AR AT AW BA DA DG DD DA D l  DB DT EG EA EO GA GB 
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 4 16 12 

GOBAEAD 10 100 9 108 20 1 

GORROY L l 135 4 3 3 8 1 12 38 2 

HABSOU 2 6 141 157 8 15 62 
- - 

HANLE 14 4 28 191 313 120 10 103 89. 3 40 

HARRALOL l 9 8 11 7 9 20 , 

l LES 
1 

KABlELl S A R l G  42 290 45 77 1 1  6 7 16 10 10 1 
KADDA 
HAYYOUKAL l 9 4 49 6 16 43 1 1 

KALOU 4 6 10 3 i 
1 

KOUTABBOUYYA 2 9 2 2 9 161 1 
3 

LEEADO 3 166 30 i 
1 

LE l LE 20 20 1 
- - 

HADAND- 
AY ADA 5 1 3 109 20 
- - -- 

MENGALA 59 5 4 5 7 

TOTAL : 146 275 126 388 18 347 969 305 106 10 322 176 158 167 477 71 -0- 48 636 



t inued ) 

UNIT BY WATERSHED 

IOL 

- 
;A GB HA HH JA KL LD MA OU RD W D  17 19 20 25 28 22 29 TOTAL FCM 
6 12 10 27 16 4 9 16 9 12 13 . WATERSH U 

201 5 7 3 0 9 3 5 514 

18 2 124 40 2 29 500 

BEST AVAILABLE COPY 



TABLE 14 (Continued) 

AMOUNT OF EACH Sol L MAPP l NG l lNl T BY WP 

MAPPING UNIT SYMBOL 

- - 

NAME OF AZ AD AK AR AT AW BA DA DG DD DA D l  DB DT EG EA EO GA GB 
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 4 16 12 

MARSAK I - 
ABOBOLLAYI 19 

MENGALA 4 4 4 10 3 

OROBOR 

OY LAL l 2 3 2 4 4 4 

SADA l 25 67 298 7 5 52 

SANGORT l 5 4 3 2 

SORHA 

SOSAWL l 
DAEAR 5 8 
- - 

TAGARRE 

WABB EYTA 3 6 2 4 349 163 

WAYDl ELOU 13 144 39 11 114 
- - 

WEE l MA 177 123 107 226 211 51 6 183 
- - 

YAWL l 8 43 45 

TOTAL : -0- 237 36 188 24 13 655 471 50 -0- 442 51 10 481 7 33 273 227 305 

- - 

GRAND 
TOTAL 483 807 371 1100 go 442 2772 1381 277 66  1219 298 543 741 504 169 363 309 1562 

dtS7 AVAILABLE COPY 



f WATERSHED 

GB HA HH J A  KL L D  MA OU RD WD 17 19 20 25 28 22 29 TOTAL FCR 
12 1 0  27 16 4 9 16 9 12 13  WATERSHED 

BEST AVAILABLE COPY 
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Figure 39: Carte des las Bassin Versant de Djibouti Reduction 
de L'Eschelle 1:100,000 I 

Watershed Map 
433 



3.3.6.4 S o i l s  Mappinq 

Both d e t a i l e d  and g e n e r a l i z e d  s o i l s  maps 
were  p r e p a r e d  f o r  t h e  p r o j e c t .  F i g u r e s  40 and 4 1  show examples 
o f  t h e s e  maps reduced t o  a  s c a l e  of 1:300,000. 

S o i l  C l i m a t e  Map - 
A s o i l  c l i m a t e  map, a n  example of which 

i s  s e e n  i n  F i g u r e  42,  was a l s o  p r e p a r e d .  Ten c l i m a t i c  r e g i o n s  
w e r e  d i f f e r e n t i a t e d .  The c h a r a c t e r i s t i c s  of t h e s e  t e n  r e g i o n s  
a r e  a s  fo l lows :  

Zone 1: -- Lac E a s a l  C l i m a t i c  r e g i o n  -- 
T h i s  zone o c c u p i e s  a n  i n l a n d  b a s i n  o v e r  100 meters 

below s e a  l e v e l .  

Average annua l  r a i n f a l l  123 mm/yr 

Ranges 50-200 mm/yr 

J u l y  r e l a t i v e  humidi ty  

J a n u a r y  r e l a t i v e  humid i ty  6 AM 80-858 
12 PEL! 65-708 

January  Temperature 

J u l y  Temperature 

Max. 40-42 Deg. C 
Min. 30-32 Deg. C 

Max. 27-29 Deg. C 
Min. 22-25 Deg. C 

Rainwater  run-off f o r  s to rms  of 20 mm: 3 mm = 3000 m3/~m2 

Rainwater  run-off  f o r  s torms of  50  mm: 11 mm = 11,000 rn3/~rn2 

T o t a l  ave rage  run-off  f o r  a l l  s torms:  15  mm = 15,000 m3/~rn2 

Zone 2: Obock - Khor Angar C l i m a t i c  r e g i o n :  -- -- 
T h i s  zone o c c u p i e s  t h e  n o r t h e a s t  c o a s t a l  p l a i n  belaw 100 meters 

e l e v a t i o n .  

Average a n n u a l  r a i n f a l l  72 mm/yr 

Ranges 30-200 mm/yr 

J u l y  r e l a t i v e  humidi ty  



January relative humidity 6 AM 80-85% 
12 PM 35-45% 

July Temperature 

January Temperature 

Max. 39-40 Deg. C 
Min. 29-32 Deg. C 

Max. 27-29 Deg. C 
Min. 20-23 Deg. C 

Water run-of f for storms of 20 mm: 1 mm = 1,000 m2/~m2 

Water run-off for storms of 50 mm: 3 mm = 3,000 m3/Km2 

Total average annual run-of f for 
all storms: 4 mm = 4,000 m3/Km2 



Zone 3: D j i b o u t i - T a d j o u r a  C l i m a t i c  Region -- 
T h i s  zone  o c c u r s  s o u t h e a s t  o f  c o a s t a l  mounta ins  on  

c o a s t a l  p l a i n s  100 meters above s e a  l e v e l .  

Average a n n u a l  r a i n  165 mm/yr 

Range 

J u l y  r e l a t i v e  humid i ty  

J a n u a r y  r e l a t i v e  humid i ty  6 AM 80-85% 
12 PM 60-70% 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 39-42 Deg. C 
Min. 29-32 Deg. C 

Max. 27-29 Deg. C 
Min. 20-23 Deg. C 

Water run-off  f o r  s to rms  of 20 mm 3  mm/yr = 3,000 m3/~m2 

Water  run-off  f o r  s torms of  50 mm 11 mm/yr = 11,000 m3/~m2 

T o t a l  a v e r a g e  annua l  run-off  f o r  
a l l  s to rms  14 mm/yr = 14,000 m3/~m2 

Zone 4: C h a b e l l e y  - B i s s i d r o u  C l i m a t i c  Region -- - 
T h i s  zone  o c c u r s  on  coastal p l a i n s  between 100 and  350 

meters e l e v a t i o n .  r: 

Average a n n u a l  r a i n f a l l  175 mm/yr 

Range 

J u l y  r e l a t i v e  humid i ty  

J a n u a r y  r e l a t i v e  humid i ty  6  AM 80-858 
12  PM 60-70% 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 38-40 Deg. C 
Min. 28-30 Deg. C 

Max. 27-29 Deg. C 
Min. 20-22 Deg. C 



Water run-off  f o r  s torms of 20 mm 
i s  4 mm = 4,000 m3/Km2 

Water  run-off  f o r  s torms of 50  mm 
i s  16 mm = 16,000 mm3/Km2 

Average annua l  run-of f  f o r  a l l  
s to rms  i s  23 mm = 23,000 mm3/Km2 

Zone 5: Dorra - A s a  E a l a  C l i m a t i c  Region -- --- 
T h i s  zone o c c u r s  i n  i n t e r i o r  b a s i n s  and v a l l e y s  between 0 

a n d  350 meters e l e v a t i o n .  

Average annua l  r a i n f a l l  160 mm/yr 

Range 125 - 275 mm/yr 

J u l y  r e l a t i v e  humid i ty  

J a n u a r y  r e l a t i v e  humidi ty  6 AM 80-908 
1 2  PM 65-75% 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 38-40 Deg. C 
Min. 28-30 Deg. C 

Max. 27-29 Deg. C 
Min. 20-22 Deg. C 

Water  run-off  f o r  s torms of  20 mm 
i s  4 mm = 4,000 mm3 /Km2 

*. 
Water run-off f o r  storms of 50 mm 
is 16  mm = 16,000 mm3/Km2 

Average a n n u a l  run-off  f o r  a l l  s torms 
is 23 mm = 23,000 m m 3 / ~ r n 2  

Zone 6: D i k h i l  - Paddgeto C l i m a t i c  Region -- - 
T h i s  zone  o c c u r s  i n  low i n t e r i o r  mounta ins  between 350 and 

600 meters e l e v a t i o n .  

Average a n n u a l  r a i n f a l l  150 mm/yr 

Range 95-245 mm/yr 

J u l y  r e l a t i v e  humidi ty  

J a n u a r y  r e l a t i v e  humidi ty  



J u l y  t e m p e r a t u r e  Max. 38-40 Deg. C 
Min. 27-29 Deg. C 

J a n u a r y  t e m p e r a t u r e  Max. 26-28 Deg. C 
Min. 18-21 Deg. C 

Water run-of f f o r  storms o f  20 mm 
i s  4 mm = 4 , 0 0 0  mm3/yr 

Water run-of  f  f o r  s t o r m s  o f  5 5  mm 
i s  20  mm = 2 0 , 0 0 0  mm3/yr 

Ave rage  a n n u a l  run-of f  f o r  storms 
i s  3 5  mm = 3 5 , 0 0 0  mm3/yr 

Zone 7: H o l  H o l  - Arda  Daba C l i m a t i c  Reg ion  -- ----- 
T h i s  z o n e  o c c u r s  o n  t h e  c o a s t a l  m o u n t a i n  s l o p e s  a n d  

f o o t h i l l s  be tween  350  a n d  6 0 0  meters e l e v a t i o n .  

Ave rage  a n n u a l  r a i n f a l l  210 mm 

Range 130  - 500 mm/yr 

J u l y  r e l a t i v e  h u m i d i t y  

J a n u a r y  r e l a t i v e  h u m i d i t y  6 AM 88-92% 
1 2  PM 70-75% 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 37-39 Deg. C 
Min. 25-27 Deg. C 

Max. 23-25 Deg. C 
Min. 18-20 Deg. C 

Water r u n - o f f  f o r  storms o f  20 mm 
i s  5 mm = 5 , 0 0 0  mm3/Km2 

Water run-of  f  f o r  s t o r m s  of  5 0  mm 
i s  2 5  mm = 25 ,000  mm3/~m2 

A v e r a g e  a n n u a l  run-of  f  f o r  a l l  storms 
i s  3 5  mm = 3 5 , 0 0 0  mm3/Km2 

Zone 8: A r t a  C l i m a t i c  Reg ion  -- 
T h i s  z o n e  o c c u r s  o n  coastal  m o u n t a i n s  be tween  6 0 0  a n d  900  

meters e l e v a t i o n .  

Annua l  a v e r a g e  r a i n f a l l  290 mm 

Range 150  - 6 0 0  mm/yr 



J u l y  r e l a t i v e  h u m i d i t y  

J a n u a r y  r e l a t i v e  h u m i d i t y  6  AM 90-99% 
12 PM 65-75% 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 36-38 Deg. C 
Min. 24-26 Deg. C 

Max. 26-28 Deg. C 
Min. 14-16 Deg. C 

Water run-off  f o r  storms of  20 mm 
i s  6  mm = 6 ,000  mm3/~m2 

Water  run-off  f o r  s to rms  of  50 mm 
i s  29 mm = 29,000 mm3/~m2 

Average a n n u a l  run-of f  f o r  a l l  s to rms  
i s  65  mm = 65,000 mm3/~m2 

Zone 9: Assa Gueyla - E l i  S a b i e h  C l i m a t i c  Region -- - -  
T h i s  zone o c c u p i e s  t h e  i n t e r i o r  mounta ins  between 600 and  

900 meters e l e v a t i o n .  

Average a n n u a l  r a i n f a l l  147 mm/yr 

Range 100 - 270 mm/yr 

J u l y  r e l a t i v e  h u m i d i t y  

J a n u a r y  r e l a t i v e  h u m i d i t y  6  AM 90-95% 
1 2  PM 65-758 

J u l y  t e m p e r a t u r e  

J a n u a r y  t e m p e r a t u r e  

Max. 38-40 Deg. C 
Min. 25-27 Deg. C 

Max. 25-27 Deg. C 
Min. 16-18 Deg. C 

Water  run-off  f o r  storms of 20 mm 
i s  5  mm/yr = 5,000 m m 3 / ~ r  

Water run-off  f o r  storms of  50  mm 
i s  25 mm/yr = 25,000 m m 3 / ~ r  

Average a n n u a l  run-off  f o r  a l l  
s t o r m s  i s  53  mm/yr = 53,000 m m 3 / ~ r  



Zone 10: Randa C l i m a t i c  Region -- 
T h i s  zone occup i e s  mountains above 900 meters e l e v a t i o n .  

Average annua l  r a i n f a l l  300 mm/yr 

Range 180 - 700 mm/yr 

J u l y  r e l a t i v e  humidi ty  

J a n u a r y  r e l a t i v e  humidi ty  6 AM 100% 
12 PM 71% 

J u l y  t empe ra tu r e  

J anua ry  t empe ra tu r e  

6 AM 35 Deg. C 
12 PM 23 Deg. C 

6 AM 26 Deg. C 
12 PM 1 3  Deg. C 

Water run-off  f o r  s t onns  of 20 mm 
i s  7 mm/year 7,000 mm3/Km2/yr 

Water  run-off  f o r  s torms of 50 mm 
i s  34 mm/year 34,000 mm3/~m2/yr 

Average annua l  run-off  f o r  a l l  
s to rms  i s  84  mm/year 84,000 mm3/Km2/yr 
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4 0 :  C a r t e  des S o l s  de D j i b o u t i  R e d u c t i o n  de L ' E c h e l l e  1 : 1 0 0 , 0 0 0  
D e t a i l e d  S o i l s  Map 

w 
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Figure 41: Carte des Sols en Plan de Djibouti 
Generalized Soils Map 



Carte des Sols en Plan de Djibouti 

EXPLICATION 

Sol Dabagalaley 

Sols Kallolou - Kenannaba 
Sol Didjan Der et lit de Oued 

Sols Arta - Dagah Dere - Lahi Daddaeo - Afnaba Daba 
Sols Oueah - Degamenkal - Damerkaddae - Afnaba Daba 
Sols Dita - Dagah Dere - Goendale Madobe 
Sols Grand Bara - Riffor Damoun 
Sols Ada - Wanni Daer - Malhadlow - Eado Gafan 
Sol Jaban As 

Sol Balambal - Dero Koma 
Sols Daba Eabdalle - Garrayto 
Lave 

Boue 

Boue Calcaire 

Sol Eangalalo 
I 
Eboulis 

A1 Kibo - Esa Galow - Dimo le Boda 

Figure 41 (Continued) 
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Figure 42: Carte Climatique Pedologique 
Soils Climatic Map -- 



IV. 

VII. 

VIII. 

IX. 

Carte PBdo-Climatique 

EXPLICATION 

Region climatique du Lac Assal 

Region climatique dgObock - Khor Angar 
Region climatique de Djibouti - Tadjoura 
Region climatique de Chabelley - Bissidirou 
Region climatique de Dorra - Asa Eala 
Region climatique de Dikhil - Paddgeto 
Region climatique de Hol Hol - Arda Daba 
Region climatique de Arta 

Region climatique d'Assa Gueyla - Eli Sabieh 
Region climatique de Randa 

Figure 42 (Continued) 
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3 . 3 . 6 . 6  I n t e r p r e t i v e M a p s  

V a r i o u s  i n t e r p r e t a t i o n s  o f  t h e  p r  e- 
c e e d i n g  map d a t a  a l l o w e d  p r o d u c t i o n  o f  f o u r  a d d i t i o n a l  maps .  
T h e s e  maps, e x a m p l e s  of w h i c h  a re  f o u n d  i n  F i q u r e s  4 3  t h r o u q h  4 6 ,  
i l l u s t r a t e  r e c o m m e n d a t i o n s  r e g a r d i n g  classes of a g r i c u l t u r e ,  l a n d  
c a p a b i l i t y ,  z o n e s  of i r r i g a t i o n ,  a n d  r a n g e  s u i t a b i l i t y .  
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L - L  

s 10 2 o ao 4 0 ~ m  
I 

K I L O M E T R E S  

Figure  

\?? 



:e 4 3 :  C a r t e s  d e s  Zones Recommand6es Pour C e r t a i n e s  C a t e q o r i e s  d e  C u l t u r e s  
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Car te  des  Zones Recomrnandi5es pour 

Cer t a ines  Categor ies  de Cu l tu re s  

EXPLICATION 

Zones d i spons ib l e s  pour vergers  

11. Zones d i spons ib l e s  pour legumes e t  ce rBales  

111. Zones d i spons ib l e s  pour c e r e a l e s  e t  f o i n  

IV.  Zones d i spons ib l e s  pour f o i n  

F igure  4 3 (Continued) 
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F i g u r e  4 4 :  C a r t e  d e  l a  C a p a c i t e  de  l a  T e r r =  
Land C a p a b i l i t y  



Carte d e  l a  C a p a c i t e  d e  l a  Terre 

EXPLICATION 

I - I1 I1 n ' y  a p a s  de  ces c a t e g o r i e s  dans  D j i b o u t i  

I11 I1 y  a o b s t a c l e s  c o r r i g i b l e s  pour  l ' a g r i c u l t u r e  
i n t e n s i v e  

I V  I1 y  a o b s t a c l e s  c o r r i g i b l e s  pour  l ' a g r i c u l t u r e  
g e n e r a l  

I1 y a  o b s t a c l e s  d i f f i c i l e m e n t  c o r r i g i b l e s  pour 
1 ' a g r i c u l t u r e  g e n e r a l e  

C ' e s t  d i s p o n s i b l e  pour  l e  p z t u r a g e  

V I  I C ' e s t  d i s p o n s i b l e  pour  le  p a t u r a g e  6 t  l e  b a s s i n  

V I I I  C ' e s t  d i s p o n s i b l e  pour  l e  b a s s i n  v e r s a n t  seu lement  

F i g u r e  4 4  (Cont inued)  





Figure 45: Carte des Zones AppropriEes Pour L'Irrigation 
Irrigation Suitability 
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Carte des Zones Appropriees Pour L'Irrigation 

EXPLICATION 

Pas de cette classe en Djibouti 

11. Sols avec peu de limites agricoles 

111. Sols appropries a l'irrigation mais nicessitant 
des modifications 

IV; Sols convenant a l'irrigation avec beaucoup de 
modifications 

Sans nombre. Les sols ne sont pas appropries l'irrigation 

Figure 45 (Continued) 
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Figure 46: Carte des Zones de PZturage 
Range Suitability 
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Carte des Zones de Paturage 

EXPLICATION 

I. Production Bonne 

11. Production Mod6r6 

111. Production Basse 

IV. Depouille 

Figure 46 (Continued) 



The So i l s  and Water Laboratory Library 

Many books i n  both French and English have 
been received by t h e  laboratory thereby building up a reposi tory  
of reference material  t o  serve a s  back-up f o r  t he  technicians.  
The t i t l e s  have been se lec ted  ca re fu l ly  t o  include bas ic  
information on more than jus t  laboratory references.  

Since t h e  Djiboutian technicians w i l l  have no 
access t o  a  major l i b r a ry ,  the  subject  matter of t he  l i b r a ry  
deals  w i l l  a l l  f a ce t s  of s o i l s  and agronomic inves t igat ions ,  
a g r i c u l t u r a l  p r ac t i ce s  and implementation as  wel l  a s  r e l a t ed  
f i e l d s  in  chemistry, geology, engineering, e t c .  ( s e e  Photos #38 
through #41). Appendix M l is ts  books and l i t e r a t u r e  present ly  on 
f i l e  a t  t he  laboratory l i b r a ry .  

3.3.8 Spec i f i c  Accomplishments 

A complete l i s t i n g  of a l l  s p e c i f i c  
accomplishments of t h i s  phase of the  projec t  £01 lows: 

S o i l  Inventory 

Iden t i fy  t he  na tura l  s o i l  bodies. 
Describe the  s o i l  charac te r i s t i c s .  
C lass i fy  the  s o i l s  f o r  comparison with s imi l a r  
s o i l s  elsewhere. 
Write o f f i c i a l  s o i l s  descript ion.  
Describe t h e  s o i l  mapping u n i t .  
Map the  extent  of s imi la r  s o i l s  a t  small and 
medium sca les .  
Write a  repor t  on t he  s o i l s  and include t he  map 
descr ip t ions  and in te rpre ta t ions .  
I n t e r p r e t  the  s o i l s  fo r  Agr icul tura l  uses for  
land-use options, i r r i ga t i on ,  and runoff 
agr icu l tu re ,  selected crops, cropping prac t i ces  
a n d  production po ten t ia l .  
Make a nat ional  s o i l s  map a t  1:100,000 sca l e .  
Make a nat ional  s lope map a t  1: 100,000. 
Make a na t iona l  watershed map a t  1:100,000. 
Make a regional  watershed map a t  1:25,000 
accomplished ( t h r e e  regions) .  
Make land ownership map 1:5,000. 
Make a na t iona l  s o i l s  map 1:300,000. 
Make a general s o i l s  map a t  1:500,000 sca le .  
Make appropriate  in te rpre t ive  maps. 
Make large-scale maps of po t en t i a l  a g r i c u l t u r a l  
areas,  i . e . ,  Atar, Moulud, Doudubba, Grand Bara, 
Gobaad, Tadjoura, Hanle, e tc . ,  -- accomplished for  
areas  i n  t he  Gobbad and Hanle, Dey Dey and 
Damer jog watersheds. 



photo #38: I r r i g a t e d  garden i n  Photo #39: Vegetat ion o f  Ar ta  Soi l 
Houmboul i 

The l i b r a r y  has techn ica l  i n fo rma t ion  on these 
sub jec ts  and many more 

o t o  #40: Geology and geo log ic  
processes o f  La Easal 
and recent  lava  f l ow  
i n  foreground w i t h  
sa l t i n background 

'hoto #41: Range and graz ing  w i l l  
always be important  i n  
D j i b o u t i .  A d a p t a b i l i t y  
and p r o d u c t i v i  t y  o f  
goats i s  ex t rado rd ina ry  
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R .  Make i n d i v i d u a l  s o i l s  r e p o r t s  f o r  c o o p e r a t i v e  
l a b o r a t o r y  c l i e n t e l e  t o  b e  used  i n  l a n d - u s e  
d e c i s i o n s .  

S .  P r o v i d e  g u i d a n c e  f o r  s u b s e q u e n t  s o i l  and  w a t e r  
a n a l y s e s  i n  t h e  f i e l d .  

Land-Use P l a n n i n g  

Make a  random sample  f o r  N a t i o n a l  Resource  
I n v e n t o r y .  
D e s c r i b e  a l l  o f  t h e  n a t u r a l  r e s o u r c e s  i n  d e t a i l  
f o r  e a c h  sample  p l o t .  
Summarize t h e  r e s u l t s  of  the  i n v e n t o r y .  
Des ign  t h e  i n v e n t o r y  f o r  p l a n n i n g  a s s i s t a n c e .  
Design t h e  i n v e n t o r y  f o r  l a n d - u s e  m o n i t o r i n g .  
Make r a n g e l a n d  i n t e r p r e t a t i o n s .  
Make i r r i g a t e d  a g r i c u l t u r a l  l a n d  i n t e r p r e t a t i o n s .  
C o n t a c t  f a r m e r s .  
A s s i s t  i n d i v i d u a l s  i n  p l a n n i n g .  

Remote S e n s i n q  

A .  Collect  r emote  s e n s i n g  imagery .  
B . Teach r emote  s e n s i n g  t e c h n i q u e s .  
C .  Develop p r o c e d u r e  f o r  l and-use  m o n i t o r i n a .  

Developed 1 :5 ,000  l a n d  o w n e r s h i p  maps i n  
c o o p e r a t i o n  w i t h  a g r i c u l t u r a l  s e r v i c e .  

D .  U s e  remote s e n s i n g  t o  make r e s o u r c e s  e v a l u a t i o n .  
E .  E s t a b l i s h  ground t r u t h  f o r  r e m o t e  s e n s i n g .  
F .  Recommend f u t u r e  u s e s  o f  remote s e n s i n g .  A b l a c k  

a n d  w h i t e  panchromat i c  or  i n f r a r e d  1 :50 ,000  s c a l e  
a e r i a l  pho tograph  s h o u l d  be o b t a i n e d  a r o u n d  1987 
fo r  be t te r  r e s o u r c e s  i n v e n t o r i e s  and  a g r i c u l t u r a l  
l a n d  u p d a t e .  

T r a i n i n g  F u n c t i o n s  

P r o v i d e  t r a i n i n g  i n  t h e  f o l l o w i n g  f i e l d s :  

L a b o r a t o r y  a n a l y s e s  of  so i l  and w a t e r .  
L a b o r a t o r y  management. 
L a b o r a t o r y  r e p o r t i n g .  
S o i l  s u r v e y  and r e p o r t i n g .  
S o i l  I n t e r p r e t a t i o n .  
S o i l  and  w a t e r  r e s o u r c e  e v a l u a t i o n .  
R e m o t e  s e n s i n g  i n t e r p r e t a t i o n  and  a p p l i c a t i o n .  
C a r t o g r a p h y .  
L i b r a r y  management. 
C a t a l o g u i n g  and  d a t a  management -- p e n d i n g  t h e  
r e c e i p t  o f  computer  materials. A programmer i s  
s c h e d u l e d  w i t h i n  a  y e a r .  
I d e n t i f y  short-term t r a i n i n g  n e e d s  f o r  t w o  p e o p l e .  
A l s o  t w o  a s s i s t a n t s  w i l l  r e c e i v e  o n e  y e a r  o f  
t r a i n i n g  each .  



L. E v a l u a t i o n  o f  l a b o r a t o r y  p e r s o n n e l .  

T e c h n i c a l  L i b r a r v  

A .  E s t a b l i s h  a  l i b r a r y  o f  t e c h n i c a l  i n f o r m a t i o n  on  
s o i l s ,  w a t e r ,  h y d r o l o g y ,  geo logy  and agronomy. 

B .  Orde r  t e x t s ,  books,  j o u r n a l s  and r e p o r t s .  
C . E s t a b l i c h  c a t a l o g u i n g  and c h e c k i n g  p r o c e d u r e s .  
D.  C a t a l o g u e  p a s t  and  p r e s e n t  r e p o r t s .  

U s e r  S e r v i c e s  

A .  De te rmine  who i s  i n t i m a t e l y  conce rned  w i t h  l a n d -  
u s e .  

B . E s t a b l i s h  communicat ion w i t h  l a n d  u s e r s .  
C .  E s t a b l i s h  s e r v i c i n g  p r o c e d u r e s  f o r  l a n d  u s e r s .  

T h i s  i s  t h e  a s s i g n e d  r e s p o n s i b i l i t y  o f  
A g r i c u l t u r a l  S e r v i c e .  

D.  T e s t  a  means and  f o r m a t  f o r  i n f o r m a t i o n  
d i s s e m i n a t i o n .  I n f o r m a t i o n  is d i s s e m i n a t e d  by 
m e e t i n g  f a r m e r  g r o u p s ,  word o f  mouth, f rom v i s i t s ,  
r a d i o  a n d  t e l e v i s i o n .  



4.0 PERSONNEL AND TRAINING REQUIREMENTS 

The laboratory requ i res  personnel t o  meet t he  followinq 
m i n i m u m  needs. 

1. A pedologist  f o r  t h e  s o i l s  inventory and survey, who 
m u s t  a l so  supervise t h e  laboratory analyses and make 
recommendations. 

2 .  A laboratory technic ian  who conducts t h e  s o i l  and water 
analyses and maintains t h e  laboratory f a c i l i t i e s .  

3 .  Two laboratory a s s i s t a n t s  who w i l l  expedi te  rou t ine  
procedures and r e l a t ed  equipment maintenance. 

4. A sec re ta ry  who w i l l  be capable of some accounting, 
have experience i n  general  communications and mater ia ls  
inventory and who w i l l  maintain t h e  t echn ica l  l i b r a r y .  

5 .  Other serv ices :  a  j an i to r ,  a  chauffeur-mechanic and a  
guardian. Two laborers  a r e  a l s o  requi red  f o r  digging of 
p r o f i l e s .  

4.1 Evaluation - of Present S t a f f  

The pedologist ,  Aboubaker Douale, and t h e  laboratory 
technic ian ,  Farah Omar, were both assigned t o  t h e  laboratory 
ea r l y  i n  t h e  p ro jec t .  They have both responded wel l  t o  t r a i n ing .  
They a r e  both capable of handling t h e i r  respect ive  
r e s p o n s i b i l i t i e s .  They w i l l  need regu la r  t r a i n i n g  and p r ac t i c e  
t o  give them more self-assurance i n  t h e i r  jobs. 

No o the r  personnel have been assigned o r  worked long 
enough with t h e  laboratory t o  warrant evaluat ion.  



4.2 Training 

4.2.1 Training Provided 

Pedologist 

The pedologist  received t r a in ing  i n  t h e  
following areas during h i s  course of work. He learned how to:  

describe t he  cha rac t e r i s t i c s  and morphology 
of s o i l s  : 

c l a s s i f y  s o i l s  according t o  the  
comprehensive S o i l  Taxonomy of USDA; 

make s o i l  maps so t h a t  t h e  locat ion of 
s imi l a r  s o i l s  can be ascertained;  

conduct chemical analyses of s o i l  and water; 

i n t e r p r e t  s o i l  cha rac t e r i s t i c s  t o  iden t i fy  
t h e i r  l imi ta t ions  fo r  spec i f i c  land-uses such a s  
i r r i g a t i o n ,  crops, pasture and construction; 
and 

make technical  s o i l s  repor ts  and repor t s  on 
laboratory r e su l t s .  

4.2.1.2 Laboratory Technician 

The laboratory technician received 
t r a in ing  i n  the  following areas during h i s  course of work. He 
learned: 

Procedures t o  analyze some of the  
cons t i tuen t s  of water l i s t e d  under water 
qua l i t y  t e s t i ng .  Training w i l l  continue i n  
t h i s  area;  

procedures f o r  some of the chemical t e s t s  of 
s o i l  l i s t e d  under s o i l  analyses. Training 
w i l l  continue i n  t h i s  area; 

procedures fo r  t e s t i ng  the  physical 
c h a r a c t e r i s t i c s  of s o i l s  l i s t e d  e a r l i e r ;  

proper laboratory methods and techniques; 

systematic procedures t o  insure t h e  smooth 
flow of water samples through the laboratory 
during t h e i r  analyses; 



methods f o r  deve lop ing  s o i l  d e s c r i p t i o n s ,  
c l a s s i f i c a t i o n  and c a r t o g r a p h y ;  and 

methods f o r  map measurement and measurement- 
r e p o r t i n g .  

4 . 2 . 2  Formal T r a i n i n q  Requirements  

Shor t - t e rm t r a i n i n g  of 1 t o  6 months. 

Labora to ry  A s s i s t a n t  - - F a r a h  Omar 

Approximately t h r e e  months r e f r e s h e r  
t r a i n i n g  i n  w a t e r  and s o i l s  l a b o r a t o r i e s  
i n  t he  U.S. (U.S. G e o l o g i c a l  Survey 
Water Labora to ry  and N a t i o n a l  S o i l  
Survey ~ a b o r a t o r y ) .  

Water Chemist ( n o t  s e l e c t e d  y e t  

Depends on c a n d i d a t e  s e l e c t e d .  

Gradua te  Study of  1 t o  2 y e a r s .  

P e d o l o g i s t  - - Aboubaker Douale Waiss 

Aboubaker i s  e x p e c t e d  t o  p u r s u e  a  
M a s t e r ' s  program i n  s o i l  c h e m i s t r y  w i t h  
academic work t o  b e g i n  approx imate ly  i n  
t h e  f a l l  o f  1983 w i t h  work on t h e s i s  
p r o j e c t  t o  commence a b o u t  o n e  y e a r  
l a t e r .  

Hydrogeo log i s t  ( n o t  s e l e c t e d  y e t  

Depends on t h e  c a n d i d a t e  s e l e c t e d .  

Undergraduate  Study of 4 t o  5 y e a r s .  



Pedoloaist  

Candidate should be se lected within t h e  
next two years so t h a t  academic t r a in inq  
can be completed within about f i ve  
years.  The Soi l s  and Water Laboratory 
needs addi t ional  t ra ined s t a f f  t o  be 
prepared t o  work i n  t h e  laboratory o r  
s o i l  survey phases of t he  program. 

Chemist 

Same a s  above. 

Hydrologist 

Same as  above. 



5 .0  CONTINUATION O F  TECHNICAL ASSISTANCE 

5 . 1  S c e n a r i o  

J u l y  1982  - 
P r e p a r e d  and s u b m i t t e d  F i n a l  R e p o r t  - Summary V e r s i o n .  
T h i s  v e r s i o n  o f  t h e  F i n a l  R e p o r t  was due  J u l y  31,  1982 .  
I t  c o n s i s t e d  o f  a p p r o x i m a t e l y  f i f t y  p a g e s  e x c l u d i n g  
e x h i b i t s .  D r .  Goebe l  and  Aboubaker Douale  Waiss  
j o i n t l y  p r e p a r e d  t h i s  r e p o r t .  

Augus t  1982 - 
Phase-down o f  c o n t r a c t o r  i n v o l v e m e n t  i n  p r o j e c t :  D r .  
Goebe l  d e p a r t e d  o n  30  J u l y  1982 .  USDA TDY S o i l  
S c i e n t i s t  t o  D j i b o u t i  f o r  s i x  person-weeks (PW) w i t h  
t w o  weeks t o  o v e r l a p  w i t h  D r .  Goebe l .  T h i s  TDY was 
e s s e n t i a l  t o  e n s u r e  a  smoother  t r a n s i t i o n  phase-over  t o  
USDA i n t e r v e n t i o n  and i t s  s h o r t - t e r m  p e r i o d i c  t e c h n i c a l  
s u p p o r t  . 
J u l y  t h r u  September  1982  - 
Aboubaker Douale  Waiss  t o  t h e  U n i t e d  S t a t e s  f o r  USDA 
s h o r t  c o u r s e  ( t w o  m o n t h s ) .  Dur inq  h i s  t r i p  t o  t h e  
U.S., Aboubaker w i l l  s e lec t  a u n i v e r s i t y  f o r  h i s  
g r a d u a t e  s t u d y .  He w i l l  s e l ec t  h i s  c o u r s e  o f  s t u d y  i n  
c o n s u l t a t i o n  w i t h  ma jo r  p r o f e s s o r s  and d e t e r m i n e  what  
h i s  t h e s i s  p r o j e c t  i s  t o  b e .  On h i s  r e t u r n  t o  
D j i b o u t i ,  it i s  e x p e c t e d  t h a t  Aboubaker w i l l  b e g i n  wcrk 
o n  h i s  t h e s i s  p r o j e c t .  I t  i s  e x p e c t e d  t h a t  h i s  t h e s i s  
p r o j e c t  w i l l  b e  comple t ed  by t h e  t i m e  h e  r e t u r n s  t o  t h e  
U.S. f o r  t h e  academic  p r o t i o n  o f  h i s  M a s t e r ' s  s t u d y  
program.  

March, 1 9 8 3  - 
The expanded v e r s i o n  o f  t h e  F i n a l  Report from t h e  
c o n t r a c t o r  i s  due  3 1  March 1983 .  

A USDA TDY S o i l  S c i e n t i s t  w i l l  c o n c u r r e n t l y  a r r i v e  i n  
D j i b o u t i  i n  March 1983  t o  o v e r l a p  w i t h  D r .  Goebe l  and 
w i l l  r e m a i n  f o r  t w o  a d d i t i o n a l  weeks t o  c o m p l e t e  t h e  
f i n a l  e v a l u a t i o n  o f  t h e  p r o j e c t .  

A p r i l  1983  t h r u  J a n u a r y  1985  - 
Two weeks TDY o f  USDA S o i l  S c i e n t i s t  t o  D j i b o u t i  o n c e  
e v e r y  f o u r  months.  T h i s  i s  e s s e n t i a l  t o  p r o v i d e  
t e c h n i c a l  back-up f o r  D j i b o u t i a n  s t a f f  a t  t h e  S o i l s  and 
Water L a b o r a t o r y  r e s p o n s i b l e  f o r  o p e r a t i o n  o f  t h e  
l a b o r a t o r y  and c o n d u c t i n g  t h e  s o i l  s u r v e y  o f  D j i b o u t i .  



Summer 1 9 b 3  - 
F a r a h  Ornar t o  U.S. f o r  t h r e e  m o n t h s  o f  r e f r e s h e r  
t r a i n i n g  i n  U .  S.  S o i l s  l a b o r a t o r i e s .  The l a b o r a t o r i e s  
w i l l  p r o b a b l y  be t h e  U.S. G e o l o g i c a l  S u r v e y  Water 
L a b o r a t o r y  i n  D e n v e r ,  C o l o r a d o  a n d  t h e  So i l  
C o n s e r v a t i o n  S e r v i c e s  N a t i o n a l  S o i l  S u r v e y  L a b o r a t o r y  
i n  L i n c o l n ,  N e b r a s k a .  

F a l l  1983 - 
Aboubaker  D o u a l e  Waiss t o  U n i t e d  S t a t e s  t o  c o m p l e t e  
M a s t e r ' s  p r o g r a m .  I t  i s  e x p e c t e d  t h a t  t h i s  w i l l  t a k e  
a b o u t  s i x t e e n  ( 1 6 )  m o n t h s .  

I t  i s  e x p e c t e d  t h a t  t h e  GROD w i l l  e n g a g e  someone t o  
t e m p o r a r i l y  h a n d l e  Mr. F a r a h ' s  t a s k s  a s  h e  a s s u m e s  
those o f  M r .  Aboubaker .  

5 .2  Equ ipment  

A l l  t h e  e q u i p m e n t  a n d  s u p p l i e s  n e e d e d  f o r  t h e  
p r o p e r  f u n c t i o n i n g  o f  t he  l a b o r a t o r y  h a v e  b e e n  f u r n i s h e d  t h r o u g h  
Amer ican  a s s i s t a n c e  a n d  h a s  b e e n  r e c e i v e d .  Any f u r t h e r  e q u i p m e n t  
or m a t e r i a l  a c q u i s i t i o n s  w i l l  be made b y  t he  l a b c r a t o r y  w i t h  
f u n d s  e s t a b l i s h e d  i n  t h e  b u d g e t  r e s u l t i n g  f rom t h e  e s t a b l i s h m e n t  
o f  t h e  l a b o r a t o r y  as a u n i t  u n d e r  t h e  M i n i s t e r  o f  A g r i c u l t u r e .  
An a d e q u a t e  b u d g e t  for t h e  m a i n t e n a n c e  a n d  o p e r a t i o n  o f  t h e  
l a b o r a t o r y  h a s  b e e n  a p p r o v e d  by t h e  N a t i o n a l  Assembly  and t h e  
P r e s i d e n t .  

C a t a l o g u e s  a n d  a d d r e s s e s  h a v e  b e e n  s u p p l i e d  t o  
f a c i l i t a t e  f u t u r e  a c q u i s i t i o n s .  F r e n c h  a n d  Amer ican  l a b o r a t o r i e s  
h a v e  b e e n  recommended f o r  e x p e n s i v e  u n i q u e  a n a l y s e s  t h a t  may be 
r e q u i r  e d .  



6 . 0  SUKPARY - THE DEVELOPMENT OF AGRICULTURE I N  THE REPUBLIC OF 
DJIBOUTI 

I n  D j i b o u t i ,  a l i m i t e d  a g r i c u l t u r a l  c a p a b i l i t y  i s  c o n f i n e d  
t o  s p e c i f i c  p a r t s  o f  t h e  t e r r a i n  where water i s  a v a i l a b l e ,  
Ground wa te r  i s  n o t  s u i t a b l e  f o r  a g r i c u l t u r e  due  t o  toxic l e v e l s  
o f  bo ron  and a lso tox ic  l e v e l s  o f  o t h e r  s a l t s  i n  many c a s e s .  
Ground w a t e r  y i e l d  i s  t o o  l i t t l e  f o r  a g r i c u l t u r a l  i r r i q a t i o n .  
T h e r e f o r e ,  t h e  w a t e r  s o u r c e  f o r  D j i b o u t i  a g r i c u l t u r a l  geve lopment  
w i l l  be l i m i t e d  t o  r a i n - f e d  sys t ems  which occur  where t h e  water 
n a t u r a l l y  accumula t e s .  These  occur  a l o n g  t h e  wadi c h a n n e l s ,  a t  
d e l t a s  o f  c o l l u v i a l  f a n s  and on  f o o t - s l o p e s .  I n  t h e s e  areas, 
w a t e r  can  b e  c o l l e c t e d  and c r o p s  grown. The soi l s  i n  t h e s e  a r e a s  
a r e  n o t  l i m i t i n g  f a c t o r s  f o r  a g r i c u l t u r a l  development .  T h e r e  a re  
a d e q u a t e  wa te r  and s o i l  r e s o u r c e s  t o  p roduce  enough f o o d s t u f f s  
f o r  t h e  p r e s e n t  p o p u l a t i o n  o f  D j i b o u t i .  Photos  #42  t h r o u g h  #49  
i l l u s t r a t e  some o f  t h e  p r e s e n t  a g r i c u l t u r a l  p r a c t i c e s  i n  D j i b o u t i  
and  t h e  p o t e n t i a l  f o r  a g r i c u l t u r a l  deve lopment  i n  t h e  c o u n t r y .  

6 . 1  A g r i c u l t u r a l  Needs 

L e t  u s  b e g i n  w i t h  t h e  p r o b a b l e  o r  e s t i m a t e d  r e q u i r e m e n t  
f o r  a g r i c u l t u r a l p r o d u c t i o n i n D j i b o u t i .  These  f i g u r e s a r e  an 
a p p r o x i m a t i o n  based  on t h e  pe r  c a p i t a  American consumpt ion  f o r  
t h e s e  p r o d u c t s ,  m u l t i p l i e d  by t h e  number o f  p e o p l e  i n  D j i b o u t i .  
They c o n s i d e r  o n e  c r o p  p r o d u c t i o n  p e r  h e c t a r e  o r  pe r  areas p e r  
y e a r  and d o  n o t  i n c l u d e  d o u b l e  c r o p p i n g .  

One c a n  e s t i m a t e  t h a t  t h i s  p o p u l a t i o n  of  300,000 w i l l  
a n n u a l l y  r e q u i r e  i n  t h e  ne iuhborhood o f  8 , 0 0 0  m t  o f  p o u l - t r y ,  
3 , 0 0 0  m t  o f  c h e e s e ,  17 ,000  m t  o f  p r o c e s s e d  v e g e t a b l e s ,  2 ,500  m t  
o f  f i s h ,  8 ,000  m t  o f  f a t  and  o i l s ,  21 ,000  m t  o f  s u a a r ,  22 ,000  m t  
o f  meat, 15 ,000  m t  o f  p r o c e s s e d  f r u i t ,  10 ,000  m t  o f  f l o u r ,  20 ,000  
m t  o f  f r e s h  v e g e t a b l e s ,  11 ,000  m t  o f  f r e s t  f r u i t ,  36 ,000  m t  o f  
m i l k  3 ,000  m t  o f  e g g s  and 1 , 0 0 0  m t  o f  c o f f e e .  

For e s t i m a t i n g  t h e  p r o b a b l e  p r o d u c t i o n  i n  D j i b o u t i  o f  
t h e s e  c r o p s  by  c r o p  i t e m ,  w e  can  c o n v e r t  t h e s e  t o  t h e  number o f  
h e c t a r e s  n e c e s s a r y  f o r  each  c r o p .  I f  a l l  t h e  meat r e q u i r e m e n t s  
o f  D j i b o u t i  were t o  b e  m e t  on  i r r i g a t e d  l a n d ,  it would r e q u i r e  
1 1 , 0 0 0  h e c t a r e s  or abou t  110 s q u a r e  k i l o m e t e r s .  I f  t h e  n e a t  were 
t o  be produced on t h e  r a n g e ,  c o n s i d e r i n g  abou t  100 k i l o s  per 
h e c t a r e  f o r a g e  p r o d u c t i o n ,  w e  c o u l d  expect a  r e q u i r e d  22 ,000  
s q u a r e  k i l o m e t e r s  o f  r a n g e .  I f  t h e  m i l k  needed were produced  on 
i r r i g a t e d  l a n d ,  it would r e q u i r e  4 1  s q u a r e  k i l o m e t e r s .  I f  mi lk  
w e r e  p roduced  on  t h e  r a n g e ,  w i t h  t h e  u s e  o f  g o a t s  and camels, i t  
would r e q u i r e  an a d d i t i o n a l  8 , 0 0 0  s q u a r e  k i l o m e t e r s .  

I n  g r a i n ,  t h e  c o u n t r y  can  e x p e c t  t o  u s e  73 s q u a r e  
k i l o m e t e r s  f o r  i r r i g a t e d  c o r n  and 34 s q u a r e  k i l o m e t e r s  f o r  
i r r i g a t e d  wheat .  The c o u n t r y  needs  abou t  43 s q u a r e  k i l o m e t e r s  
d e d i c a t e d  t o  f r u i t .  F a t s  and o i l s  would r e q u i r e  42 s q u a r e  
k i l o m e t e r s .  F i s h  can  b e  c o n s i d e r e d  a d i r e c t  s u b s t i t u t e  f o r  meat. 
I f  a l l  t h e  c r o p s  were i r r i g a t e d ,  i n c l u d i n g  t h o s e  needed f o r  



ho t o  #42  : Th i s  Houmboul i garden Photo # 4 3 :  Water i n  the  Grand Bara 
shows the  k i n d  o f  i s  wasted and c o u l d  be 
i n t e n s i v e  a g r i c u l t u r e  used i n  the  nearby Aada 
p o s s i b l e  i n  D j i b o u t i  so i  I s  

> t o  #44:  Wel l  a t  Esa Galow. I t  
i s  l oca ted  on a  n a t u r a l  
dam. D id jan  Der s o i l  
i n  the  t e r r a c e  would 
suppor t  a g r i c u l  t u r e  

Photo # 4 5 :  Th is  f o r e s t  i n  a  p laya  
west o f  Dorra i s  be ing  
d e f o l i a t e d  f o r  l i v e s t o c k  
feed. Trees a re  suppor ted 
by f l o o d i n g  

1 5 2  
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P h o t o # 4 6 :  Vegetab legardens  l i k e  
t h i s  can be l o c a t e d  i n  
Houmbouli,  Douda, 
Subalou and B i s s i d i r o u  

ho t0  #47:  Range w i l l  a lways be 
impor tan t  t o  those 
ded ica ted  t o  an imals  
descendants o f  nomads 

~ o t o  #48: F r u i t  t r e e s  can be P 
grown on de l  tas  and 
t e r races  o f  streams 
f l o w i n g  f rom mountains 
o f  Randa t o  t he  l e f t  

'ho t o  #49: Dur ing  f l o o d s  t h i s  
channel w i l l  s t o r e  
water  f o r  g r a i n  
p roduc t  i o n  i n  the 
gray D i d j a n  Der s o i l s  
on the banks 
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r o u g h a g e  p r o d u c t i o n  f o r  m i l k  and meat ,  370 s q u a r e  k i l o m e t e r s  c a n  
be e x p e c t e d  t o  p r o d u c e  t h e  amount o f  food f o r  t h e  p o p u l a t i o n  o f  
a p p r o x i m a t e l y  300 ,000 .  I f  o n e  e l i m i n a t e d  t h e  f o r a g e  p r o d u c t i o n ,  
219 s q u a r e  k i l o m e t e r s  c a n  s u p p l y  the  needs  o f  t h e  c o u n t r y .  

Accord ing  t o  t h e  U n i t e d  N a t i o n s  e s t i m a t e  f o r  food  
r e q u i r e m e n t s  f o r  D j i b o u t i  ( s ee  F i g u r e  4 7 ) ,  t h e  c o u n t r y  would need 
6 0 , 2 2 5  m t  o f  c e r a l s ,  4 , 8 1 8  m t  d a i r y  p r o d u c t s ,  2 ,404  m t  f r u i t s ,  
4 , 8 1 8  m t  v e g e t a b l e s ,  6 , 0 2 2  m t  meat  and f i s h ,  and 2 , 4 0 9  m t  e d i b l e  
o i l .  T h i s  i s  t h e  same a s  220 s q u a r e  km o f  l a n d  f o r  c e r e a l s ;  40 
s q u a r e  krn f o r  mea t ;  7  s q u a r e  km f o r  f r u i t ;  1 3  s q u a r e  km f o r  
v e g e t a b l e s ;  38 s q u a r e  km f o r  e d i b l e  o i l s .  W e  c a n  see t h e  t w o  
e s t i m a t e s  a r e  a p p r o x i m a t e l y  t h e  same f o r  t h e  t o t a l  amount o f  l a n d  
needed .  T h e r e  i s  some q u e s t i o n  a b o u t  d i e t  and t h e r e f o r e  emphas i s  
o n  o n e  c r o p  o v e r  a n o t h e r .  C o n s i d e r i n g  t h e s e  food  r e q u i r e m e n t s  
f o r  t h e  c o u n t r y  i t  i s  now n e c e s s a r y  t o  look  a t  t h e  p o t e n t i a l  f o r  
t h e i r  p r o d u c t i o n .  

6 .2  Crops  

F i r s t ,  l e t  u s  c o n s i d e r  t h e  k i n d s  o f  c r o p s  t h a t  a r e  
r e q u i r e d  from a n  a g r i c u l t u r a l  s t a n d p o i n t .  W e  c a n  c o n s i d e r  f r u i t  
and  v e g e t a b l e s  f o r  h i g h  i n t e n s i t y  c r o p s ,  o r  t h e  n u t r i t i o n a l  
c r o p s .  T h e r e  a r e  t h e  f a t s ,  a n o t h e r  k i n d  o f  c r o p  r e q u i r i n g  a  
d i s t i n c t  management. T h e r e  a r e  s u g a r  and c e r e a l  g r a i n .  T h e r e  i s  
t h e  p r o d u c t i o n  o f  d r y  f o r a g e s .  T h e r e  i s  a l s o  r a n g e  p r o d u c t i o n .  
Each o f  these c r o p s  h a v e  t o  b e  r e v i e w e d  f o r  t h e i r  s p e c i f i c  s o i l  
and w a t e r  r e q u i r e m e n t s .  

A s  a  g e n e r a l  r u l e ,  f r u i t s  a r e  produced  on p e r e n n i a l  
v e g e t a t i o n  which r e q u i r e s  a  c o n s t a n t  s u p p l y  o f  h i g h  q u a l i t y  
w a t e r ,  s i n c e  m o s t  f r u i t  p l a n t s  a r e  a d a p t a b l e  t o  h i g h e r  r a i n f a l l  
a r e a s .  A s  a  r e s u l t ,  t h e  f r u i t  t rees  s h o u l d  b e  e s t a b l i s h e d  i n  t h e  
a r e a  w i t h  t h e  m o s t  d e p e n d a b l e  w a t e r  s u p p l y .  S i n c e  t h e y  a r e  d e e p  
r o o t e d  it may n o t  be n e c e s s a r y  t o  have  a s  f i n e  a  t e x t u r e d  s o i l  or 
a s  l e v e l  a  t e r r a i n  f o r  t he i r  management. 

V e g e t a b l e s ,  i n  t h e  same c a t e g o r y ,  a r e  u s u a l l y  a n n u a l s .  
Once t h e  c r o p  i s  e s t a b l i s h e d ,  it s h o u l d  h a v e  a  r e a s o n a b l y  
d e p e n d a b l e  w a t e r  s u p p l y .  A s h o r t  p e r i o d  o f  d r o u g h t  would n o t  
e l i m i n a t e  t h e  normal  p r o d u c t i o n  c a p a b i l i t y  i n  v e g e t a b l e s  a s  would 
be t h e  c a s e  w i t h  f r u i t .  W e n t y  t o  t h i r t y  y e a r  o l d  trees may be 
l o s t  i n  a d r o u g h t .  

I n  t h e  c a s e  o f  o i l ,  most  f a t  p r o d u c i n g  p l a n t s  a r e  
r a t h e r  d r o u g h t  t o l e r a n t .  They c a n  t a k e  a  lower amount o f  w a t e r  
and  as a r e s u l t ,  would b e  s a t i s f a c t o r y  i n ' w a t e r  p l a n s  where t h e r e  
i s  a  l i m i t e d  s u p p l y  o f  w a t e r  a v a i l a b l e  or  t h e  water i s  a v a i l a b l e  
f o r  o n l y  shor t  p e r i o d s  o f  t i m e .  

I n  t h e  case o f  c e r e a l  g r a i n s ,  t h i s  i s  a l s o  u s u a l l y  
t r u e .  C e r e a l  g r a i n s  a r e  b a s i c a l l y  a  s emi -a r id  c r o p .  They h a v e  
some t o l e r a n c e  f o r  w a t e r  t h a t  i s  a b i t  s a l t y .  T h e s e  c r o p s  a l s o  
h a v e  some d r o u g h t  t o l e r a n c e  f o r  s h o r t  p e r i o d s  o f  t i m e .  They a l s o  
p r o d u c e  r e l a t i v e l y  q u i c k l y .  
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ANNUAL COMMERCIAL FOOD IMPORTS 

COMMODITY * TONNAGE 

A .  C e r e a l s  

1) Wheat F lour  10 ,000  

2 )  R i c e  14 ,000 

3 ) C o a r s e  g r a i n s  

B .  Dai ry  and P o u l t r y  p r o d u c t s  * * 
C .  k e s h  and d r i e d  f r u i t s  * * 
D .  k e s h  and Dr ied  V e g e t a b l e s  * * 
E .  Meat and F i s h  P r o d u c t s  * * 
F.  E d i b l e  O i l s  

* 
S o u r c e  ONAC * * 

S o u r c e  p o r t  s t a t i s t i c s  1980, d o e s  n o t  r e f l e c t  i m p o r t s  f r u i t s ,  
v e g e t a b l e s  and meat from E t h i o p i a  

Figure 47 (continued) 
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6 . 3  Water 

Water i s  unquestionably the  most important factor  for 
agr icu l tu ra l  production i n  Djibouti .  Large quant i t i es  a r e  
required over few t o  several months and the qua l i ty  m u s t  be very 
high t o  prevent rapid s a l t  accumulation i n  t he  s o i l s .  A s  a  
r e s u l t  one must look seriously a t  where the  water occurs, the  
qua l i t y  of water avai lable ,  and how t o  manage the water i n  
agr icu l tu ra l  production. 

The locat ions of accumulated water a re  bas ica l ly  four 
i n  nature i n  the country. One area i s  where the r a i n f a l l  occurs 
on the  mountains which have an elevation over 900 meters. The 
r a i n  occurs more frequently throughout the  year i n  these areas.  
Floods of these areas replenish the  water within the wadies of 
Weima Sadai, Gobbaad, and Hanle. This area i s  the source of 
water for a l l  the  wadis from Sabla l i ,  along the  coast a l l  the  way 
around the  Goubbhet t o  Khor Eambado. 

The second place i s  t he  wadi channels i n  the  i n t e r io r  
of the  country. Wadi channels from time t o  time flood. The 
wadi water i n f i l t r a t e s  rapidly  i n t o  the  channel, and i f  t h e  
alluvium i s  thick enough, a temporery reservoir  i s  established 
which can be used for some period of time t o  i r r i g a t e  crops, 
depending on local  wadi conditions. 

A t h i rd  posi t ion su i t ab l e  for col lec t ing water i s  t he  
foot-slopes of the  mountains and the  h i l l s  where sheet erosion 
and even gully erosion a r e  presently ac t ive .  This water can be 
channeled arid directed t o  accumulate on lesse r  areas,  as  a- 
consequence, increasing the moisture a v a i l a b i l i t y  for crop 
production. 

A fourth place i s  t he  water t h a t  accumulates i n  playa 
basins.  Oftentimes the  short  slopes, and the  narrow watersheds 
around the  playas do supply run-off water i n to  the  playas. I f  
t h i s  i s  redirected and ponded, it  can be concentrated on se l ec t  
areas  t o  increase water a v a i l a b i l i t y  and thus crop production. 

I t  must be remembered t h a t  t he  water avai lable  and 
s tored by the  present ac t ive  system i s  about as  e f f i c i e n t  as  can 
be expected. When the  r a i n f a l l  i s  high and the  run off i s  high, 
t h e  water flows down the  channels which a r e  extremely permeable 
permitting the  water t o  i n f i l t r a t e  the  channels, recharae the  
ground water, and recharge the  aluvium. I t  a l so  permits the  
accumulation in  playas, which have a  s i l t  cover and a re  semi- 
impermeable t o  the  water. A s  a  r e s u l t ,  very l i t t l e  water i n  the  
channels evaporates a f t e r  a  r a i n ,  compared t o  the  amount t h a t  
f a l l s .  A t  present,  t h i s  system is  generating the maximum amount 
of  ground water recharge and any k i n d  of engineering would 
probably eventually i n h i b i t  t h i s  recharge ra ther  than improve it .  
Therefore, agr icu l tu re  must adapt i t s e l f  t o  t he  natural  flow and 
a v a i l a b i l i t y  of water ra ther  than attempting t o  dominate it. 



Throughout the  country, h ighes t  qua l i t y  water occur s  
i n  the  wadi channels where it i s  recharged regular ly  with fresh 
clean r a i n  water. After leaving these channels, it encounters 
bedrock and sedimentary rock, which a r e  impregnated with s a l t s .  
The s a l t  content r i s e s  and the  t ox i c i t y  of some elements 
increases.  A t  t h i s  point ,  it seems t h a t  we can consider the  deep 
groundwater from deep aquifers  t o  contain toxic  l eve l s  of boron, 
which i n h i b i t s  f u l l  heal thy p lan t  development. A s  a  r e s u l t ,  one 
should look t o  u t i l i z e  the  water a s  soon a f t e r  it r a i n s  a s  i s  
f ea s ib l e .  

6 .4  So i l s  

So i l s  a r e  the  next most s i gn i f i can t  fac tor  i n  crop 
development. The s o i l s  i n  Djibouti  near t he  qeomorphic pcs i t ions  
associated with water accumulation and a v a i l a b i l i t y  a r e  normally 
s u i t a b l e .  Except on the  coas ta l  p la ins  near the  sea,  t he  s o i l s  
a r e  not s a l t y .  A l l  t h e  s o i l s  though a r e  calcareous. Kust s o i l s  
a r e  coarse textured and w i l l  have moderate t o  high permeability. 
The s o i l s  su i t ab l e  for agr icu l tu re  occur on the  f i r s t  and second 
t e r r aces  along the wadis. They a l s o  occur on the co l luv ia l  
d e l t a s  and second t e r r aces  along the  wadis, and the  footslopes 
and pediments. The s o i l s  i n  the  playas a r e  a l so  su i t ab l e  for 
cu l t i va t i on .  There a r e  other areas  which a r e  su i t ab l e  t o  
cu l t i va t i on  but which don ' t  have water avai lable .  Most of t he  
other areas a r e  s u i t a b l e  for range and a l so  a s  watersheds for 
accumulating water. 

6 .5  S t ra teg ies  for t h e  Development of So i l s  and Water -- - 
Any ag r i cu l tu r a l  system i n  Djibouti  w i l l  depend on 

r a i n f a l l  a s  r a in  i s  the  only source of s a l t - f r e e  water. Because 
ag r i cu l tu r e  requires  water on an intermediate t o  long-term bas i s ,  
two months t o  a  year, t he  rainwater m u s t  be s tored.  A t  l e a s t ,  it 
m u s t  be avai lable  a t  the  time of t h e  crops '  requirement. Water 
s torage  i s  a  r a t e  of time function. The r a i n  water accumulates 
i n  the  wadi during floods. I t  i n f i l t r a t e s  i n t o  the channel and 
flows along ins ide  the  channel sediment slowly. Here, the  
rainwater i s  protected from evaporation by t he  channel sediments. 
I t  i s  made avai lable  over several  months or several  days i n  the 
channel by t h i s  retarded movement. Otherwi se,  sever a1 years 
l a t e r ,  it may reappear as  ground water i n  deep aquifers .  

O n  the other hand, t he  rainwater on t he  pediment 
s lopes,  running off  a s  sheet  erosion, d i s t r i b u t e s  water t h a t  
i n f i l t r a t e s  i n to  the  s o i l  where it i s  stored for one t o  two 
months. Water may be stored i n  channel sediments, i n  ground 
water aquifers  or i n  the  s o i l  i t s e l f  u n t i l  i t  i s  used by the  
crop. I t  need not be s tored i n  r ese rvo i r s .  The concept of water 
a v a i l a b i l i t y  i n  Djibouti  i s  knowing how much water i s  flowing 
through t h e  system during a  given period of time, so t h a t  one 
can know when and how much water i s  avai lable  t o  the  crop a t  t h a t  
period. This i s  re la ted  t o  the time between a  r a i n  and the time 
a t  which t he  sediment has too  l i t t l e  water for  crop production. 



Knowing t h i s ,  o n e  c a n  c a l c u l a t e  t h e  k i n d  o f  c r o p  and t y p e  o f  
water r e t r i e v a l  s y s t e m  needed t o  grow t h a t  c r o p .  

The f o l l o w i n g  i s  a s t r a t e g y  f o r  c r o p  p r o d u c t i o n .  The 
l o n g e s t - l i v e d  m o s t  v a l u a b l e  c r o p s  mus t  h a v e  t h e  h i q h e s t  q u a l i t y  
a n d  most d e p e n d a b l e  w a t e r  s o u r c e .  The l o w e s t - q u a l i t y  and  t h e  
f a s t e s t - g r o w i n g  c r o p s  s h o u l d  b e  r e l e g a t e d  t o  t h e  most u n r e l i a b l e  
water s o u r c e .  The water from t h e  h i g h  m o c n t a i n s  r e p r e s e n t s  t h e  
m o s t  d e p e n d a b l e ,  h i g h  q u a l i t y  w a t e r  s u p p l y .  T r e e ,  b u s h ,  and  v i n e  
c r o p s  a re  t h e  most v a l u a b l e ,  l o n g  l i v e d  p l a n t s .  Thus ,  t h e y  
s h o u l d  be p l a n t e d  i n  a s s o c i a t i o n  w i t h  water from the  h i g h  
m o u n t a i n s .  Deltas and  c o l l u v i u m s  from T a d j o u r a  w e s t  a round  t h e  
Goubbhet  s h o u l d  b e  p l a n t e d  i n  f r u i t s .  

V e g e t a b l e s ,  o n  the o t h e r  h a n d ,  r e p r e s e n t  a  h i g h  r e t u r n  
c r o p  w i t h  lesser l o n g e v i t y .  These s h o u l d  b e  p l a n t e d  i n  
a s s o c i a t i o n  w i t h  d e p e n d a b l e ,  h i g h  q u a l i t y  water from t h e  
m o u n t a i n s  i n  a n  area where t h e  s o u r c e  may b e  a b i t  more 
i n t e r m i t t a n t .  Thus,  t h e  water f rom t h e  S a d a i  wadi  i s  p r o b a b l y  
t h e  m o s t  s u i t a b l e  f o r  c o m m e r  c ia1  v e g e t a b l e  p r o d u c t i o n .  

Cereal g r a i n s  and  o i l  c r o p s  r e p r e s e n t  i n t e r m e d i a t e  
g r o w t h  c r o p s  r e q u i r i n g  e x t e n s i v e  areas and  water s u p p l i e s  from 
three t o  n i n e  months .  T h e s e  c r o p s  s h o u l d  b e  p l a n t e d  a l o n g  any  o f  
t h e  o t h e r  w a d i s  o n  t h e  f i r s t  and  s e c o n d  terraces  anywhere  i n  t h e  
c o u n t r y .  They c a n  be p l a n t e d  a f t e r  t h e  r a i n  h a s  e s t a b l i s h e d  how 
much water i s  a v a i l a b l e  i n  t h e  a l l u v i u m  t o  p l a n t  t h e  c r o p .  The 
w a d i s  o f  W e i m a ,  Han le  and  Gobbaad a r e  p a r t i c u l a r l y  s u i t e d  t o  
g r a i n  p r o d u c t i o n .  F r e q u e n t l y ,  other s m a l l e r  w a t e r s h e d s  n e a r  E l i  
S a b i e h ,  Dorra, Khor Anghar ,  e tc .  may h a v e  water a v a i l a b l e  f o r  
g r a i n  p r o d u c t i o n .  

F i n a l l y ,  t h e  s h o r t - l i v e d  f o r a g e s  s h o u l d  b e  p l a n t e d  
where t h e  water h a s  t h e  l eas t  d u r a b i l i t y ,  t h e  lowest q u a l i t y ,  and 
t h u s ,  t h e  h i g h e s t  r i s k  f a c t o r .  T h a t  i s ,  it s h o u l d  be p l a n t e d  on  
e x t r a  l a n d  by t h e  w a d i s  or i n  the  areas w h e r e  t h e  w a t e r  i s  
c o n c e n t r a t e d  a l o n g  p e d i m e n t s ,  and  i n  p l a y a s .  They s h o u l d  b e  
s h o r t - l i v e d  cereals and  g r a s s e s  which  a r e  h a r v e s t e d  as soon  a s  
t h e y  show d r o u g h t  s tress.  

6.6 E n v i r o n m e n t a l  I m p a c t  

T h i s  s t r a t e g y  a n d  t h e s e  c o n c e p t s  w i l l ,  o f  c o u r s e ,  h a v e  
some e n v i r o n m e n t a l  impac t .  There w i l l  be a n  i n c r e a s e  i n  t h e  
number o f  b i r d s  and  i n s e c t s  a n d  w i l d  a n i m a l s  due  t o  t h e  i n c r e a s e  
i n  v e g e t a t i o n . T h e r e  w i l l  be a n  i n c r e a s e  i n  d o m e s t i c  l i v e s t o c k  
w i t h  added  occupancy  and  g r a z i n g  i n  areas n e a r  t o  l i v e s t o c k  

c o n c e n t r a t i o n s .  T h i s  c o u l d  t e n d  t o  e n c o u r a g e  o v e r g r a z i n g  n e a r  
t h e  farm s i t e .  Because  o f  t h e  a g r i c u l t u r a l  s e t t l e m e n t  t h e r e  w i l l  
b e  a g e n e r a l  i n c r e a s e  i n  t h e  c u t t i n g  o f  b u s h e s  f o r  f e n c i n g .  

Fur t h e r  , s i n c e  t h e  r a i n w a t e r  i s  the s o u r c e  o f  
g r o u n d w a t e r  r e c h a r g e ,  t h e  u s e  o f  water f o r  i r r i g a t i o n  w i l l  
d i r e c t l y  e f f e c t  t h e  r e c h a r g e  r a t e s  a n d  lower t h e  water 



a v a i l a b i l i t y  f r o m  t h e  d e e p  w e l l s .  Water a v a i l a b i l i t y  a t  some 
of t h e  p e r m a n e n t  w e l l  s i tes  w i l l  be r e d u c e d  or e l i m i n a t e d  as  t h e  
w a t e r  i s  u s e d  u p  stream i n  t h e  a l l u v i u m .  

T h e  u s e  o f  t he  r e m a i n i n g  w a t e r  s i t es  f o r  l o n a e r  p e r i o i ' s  
w i t h o u t  f l u s h i n g  the  w a t e r  holes a n d  a lso  b r i n g i n q  t h e  l i v e s t o c k  
t o  p e r m a n e n t  w a t e r  s o u r c e s  w i l l  i n c r e a s e  t h e  d i s e a s e s  o f  t h e  
l i v e s t o c k  t o  some e x t e n t .  F i n a l l y  b e c a u s e  of w a t e r  d i v e r s i o n  
s t r u c t u r e s ,  n a t u r a l  e r o s i o n  a n d  g u l l y  a n d  sheet  e r o s i o n ,  w i l l  he 
d i v e r t e d  a n d  r e d u c e d .  

P r e l i m i n a r y  N e e d s  

T h e  M i n i s t r y  of A g r i c u l t u r e  a n d  t he  G o v e r n m e n t  o f  
D j i b o u t i  h a v e  some i n i t i a l  r e q u i r e m e n t s  t o  m e e t  b e f o r e  
a g r i c u l t u r e  c a n  b e g i n .  One o f  the  t h i n g s  t h a t  s h o u l d  be 
i n i t i a t e d  e a r l y  i s  a more a c t i v e  c o n t a c t  a n d  a s s i s t a n c e  b y  t h e  
M i n i s t r y  of A g r i c u l t u r  e w i t h  p r e s e n t  farmers, p r i n c i p a l l y  t o  
d e v e l o p  a p r o g r a m  for a s s i s t i n g  the f a r m e r s  l a t e r  when 
d e v e l o p m e n t  i s  completed. T h e r e  a lso  n e e d s  t o  be a more a c t i v e  
A g r i c u l t u r a l  S e r v i c e  f u n c t i o n i n g  i n  a d i r ec t  a s s o c i a t i o n  w i t h  t h e  
farmers a n d  farmer o r g a n i z a t i o n s .  

T h e  c o u n t r y  n e e d s  t o  e s t a b l i s h  clear l a n d  o w n e r s h i p  
po l i c i e s  a n d  l a w s  w i t h  t h e  l e g a l  s t a t u t e s  t o  a c q u i r e  a d e e d  b y  
t h e  l a n d  u s e r .  T h e  c o u n t r y ' s  m o s t  v a l u a b l e  r e s o u r c e  i s  i t s  l a n d .  
I t s  l a n d  c a n  be c o n s i d e r e d  as cap i t a l  t o  t h e  p o t e n t i a l  l a n d  u s e r  
for  c e r t a i n  number of y e a r s  o f  m a n - l a b o r  w h i c h  c o u l d  be per f o r m e d  
i n  p u b l i c  s e r v i c e  t o  assist  the  c o u n t r y  i n  a c h i e v i n g  many of  i t s  
p u b l i c  w o r k s  p r o g r a m s .  

F u r t h e r ,  t he  c o u n t r y  m u s t  now b e g i n  t o  e s t a b l i s h  l e q a l  
r i g h t s  t o  w a t e r ,  for t h e  l i v e s t o c k ,  for  i n d u s t r y ,  f o r  u r b a n  n e e d s  

4 a s  w e l l  a s  for a g r i c u l t u r a l  n e e d s .  Then  p r o g r a m s  c a n  be d e s i q n e d  
t o  m e e t  t h e  water n e e d s  a n d  a l l o w  the  farmer t o  e n t e r  h i s  project  
k n o w i n g  h e  has a s s u r a n c e  of c o n t i n u e d  water s u p p l y .  

F o l l o w i n g  i s  a l i s t  o f  s h o r t - t e r m  spec ia l i s t s  t h a t  a re  
r e q u i r  ed : a g r i c u l t u r  a1 e c o n o m i s t s ,  a c a d a s t r a l  e x p e r t ,  a n  
a g r i c u l t u r  a1 e n g i n e e r ,  a n  i r r i g a t i o n  e n g i n e e r ,  a w a t e r  r i q h t s  a n d  
d i s t r i b u t i o n  spec ia l i s t ,  a c o o p e r a t i v e  e x p e r t ,  a n  a n i m a l  
h u s b a n d r y  spec ia l i s t ,  a g r o n o m i s t s  a n d  h o r t i c u l t u r i s t s ,  a n  
a g r i c u l t u r a l  e x t e n t i o n i s t  a n d  a socia l  s c i e n t i s t  (who  c a n  l o o k  a t  
t h e  i m p a c t  o f  the  a g r i c u l t u r a l  d e v e l o p m e n t s  o n  t h e  a t t i t u d e  of 
t h e  p e o p l e  a n d  m o n i t o r  the  c h a n g e ) .  

6 .8  D e v e l o p m e n t  P o l i c i e s  

T h e  g o v e r n m e n t  s h o u l d  now b e g i n  t o  d i s c u s s  t h e  
p r i o r i t i e s  for  t h e  d e v e l o p m e n t a l  s e q u e n c e .  T h i s  c a l l s  for Long 
i n v o l v e d  d i s c u s s i o n  a n d  the  i n t e g r a t i o n  o f  t h e  o p i n i o n s  of many 
a n d  v a r i o u s  poeple. Some s p e c i f i c  projects  t h a t  c a n  b e g i n  as  
h i g h  p r i o r i t i e s  f o l l o w :  F i r s t ,  p r o v i d i n g  w a d i  c h a n n e l  w a t e r  t o  a 



s p e c i f i c  drainage for t he  Houmbouli, Douda and Atar p ro j ec t s  
s ince  these  p ro j ec t s  a r e  already es tabl ished and they w i l l  supply 
f resh  vegetables t o  t he  Djibouti  market. Second, t he  Saadi r i v e r  
water shed should be evaluated. The vegetable production from 
t h i s  water should begin somewhere i n  the  v i c i n i t y  of Sub la l i .  
Third,  f r u i t  production should be i n i t i a t e d  on the  many various 
wadis along t he  Gulf of Tadjoura and the  Goubbhet. Fourth, 
c e r ea l  production can then be i n i t i a t e d ,  followed by 
es tab l i sh ing  family vegetable gardens and loca l  market vegetable 
production along t he  Goubbhad and Chekheti wadis a s  well  a s  t h e  
Weima wadi. F i f t h ,  t h i s  can be followed by ce r ea l  production 
along t he  l e sse r  wadis on any small a reas  a  man chooses t o  
develop. Sixth,  a s s i s t ance  can be given t o  forage production i n  
t he  Dikhil and A s  Eala areas  and t he  f ron t a l  p la ins  from Obock t o  
Khor Angar and t he  Badda Weyn and the  Badda Yar . Seventh, the  
following crop a s s i s t ance  w i l l  be necessary: The government 
needs t o  look fo r  sources of ni t rogen,  potassium, and phosphorus. 
P r inc ipa l ly ,  it should look t o  producing i t s  own ni trogen w i t >  
wind energy. Second, it needs t o  f ind a  good source of 
phosphorous s i nce  calcareous s o i l s  tend t o  f i rmly  t i e  up t he  
phosphorous . Potassium, on t he  other hand, would he l e s s  
necessary and should have t h i rd  p r i o r i t y  i n  terms of 
a v a i l a b i l i t y .  Seeds and pes t i c ides  should be made ava i l ab l e  by 
t h e  Agr icul tura l  Service.  Agr i cu l tu r  a1 Service should have 
r espons ib i l i ty  for  seed d i s t r i bu t i on  t o  con t ro l  v a r i e t i e s  and 
seed sources.  Thus, they may l i m i t  t he  amount of seeds ava i l ab l e  
for  a  species  so t he r e  a r e  not overaqes i n  terms of acreages 
planted t o  s i ng l e  crops.  Thus, a  balance can be es tab l i shed  i n  
terms of  vegetable and f r u i t  production. Agricultur a1 Service 
should contro l  pe s t i c ide s  due t o  the  highly t echn ica l  na ture  of 
app l ica t ion  of pes t i c ides .  Agricul tural  Service can t r a i n  i t s  
personnel properly i n  the  i den t i f i c a t i on  of t h e  needs and the  
app l ica t ion  of t he  pe s t i c ide s .  F ina l ly ,  it might be remembered 
t h a t  i n  Djibouti ,  t h e  be s t  farmers, the  most productive farmers, 
and t he  farms with t h e  g r ea t e s t  longevity a r e  located neares t  t h e  
wadis and take t h e i r  water a s  much as  poss ib le  d i r e c t l y  from the  
channel. Further ,  where the  family l i v e s  on t he  farm, t h e  farms 
a r e  considerably b e t t e r  managed and have higher production r a t e s  
t h a t  those where t h e r e i s  adsenteeownership. This might be 
taken i n t o  considerat ion i n  an a g r i c u l t u r a l ,  development plan. 
The s i z e  of t he  u n i t  should be commensurate with producing on 
adequate l i v ing  for t he  farmer. One should a t  l e a s t  consider 
t h a t  the  people who e s t ab l i sh  themselves on the  land w i l l  be ab le  
t o  remain t he r e  for a  long time. 

6 .9  Conclusions 

Djibouti  i s  no longer a  nomadic s t a t e .  I t  has farmers. 
t has a g r i c u l t u r a l  production. I t  has agronomists. I t  has 
overnrnental and p r iva te  ag r i cu l t u r a l  i n s t i t u t i o n s  and it has 

agr icu l tu r  a1 experience. I t  has more ag r i cu l t u r a l  resources than 
had previously been i den t i f i ed .  I f  it dedica tes  i t s  e f f o r t  t o  



t h e  e s t a b l i s h e d  o b j e c t i v e s ,  a n d  i s  w i l l i n g  t o  c o m m i t  i t s e l f  
f u l l y ,  i t  s h o u l d  be able  t o  p r o d u c e  e n o u g h  c r o p s  t o  a d e q u a t e l y  
f e e d  a t  l eas t  i t s  p r e s e n t  p o p u l a t i o n .  

O v e r a l l ,  t h e r e  are f o u r  d i s t i n c t  d e v e l o p m e n t a l  
s t r a t e g i e s  t h a t  t h e  g o v e r n m e n t  c a n  u s e  t o  c o n v e r t  t h e  l a n d  
r e s o u r c e  i n t o  a n  a g r i c u l t u r a l  r e s o u r c e .  A l l  o f  t h e s e  s y s t e m s  c a n  
n o t  be a p p l i e d  a t  o n e  t i m e ,  a t  l e a s t  n o t  i n  o n e  sector o f  t h e  
a g r i c u l t u r e  b u t  a n y  o n e  of t h e m  p r o b a b l y  h a s  a s  much c h a n c e  of 
s u c c e s s  a n d  w i l l  h a v e  a b o u t  as  many c o m p l i c a t i o n s  a n d  
d i f f i c u l t i e s  a s  the  other.  

F i r s t ,  i t  w o u l d  be possible t o  write a p a m p h l e t  a n d  
g i v e  i n s t r u c t i o n s  o n  the  r ad io  a n d  t e l e v i s i o n  a s  t o  how t o  
i d e n t i f y  the  s o i l  a n d  w a t e r  r e s o u r c e  i n  t h e  l a n d .  T h o s e  p e o p l e  
a n d  o r g a n i z a t i o n s  i n t e r e s t e d  i n  b e g i n n i n g  f a r m i n g  c o u l d  ao  i n  
search of t he i r  own parcel of l a n d ,  e s t a b l i s h  t h e i r  l a n d  
b o u n d a r i e s  a n d  i n i t i a t e  t h e  a g r i c u l t u r e  o n  t h e i r  own 
r e c o g n i z a n c e .  T h i s  w o u l d  mean t h e y  wou ld  h a v e  n o  f u r t h e r  
t e c h n i c a l  s u p p o r t  a n d  i f  t he i r  j u d g e m e n t  was  bad t h e y ,  i n  f a c t ,  
w o u l d  f a i l  a n d  w o u l d  t h e n  choose t o  a b a n d o n  t h e  p a r c e l  or 
relocate. This t h e y  w o u l d  do o n  t h e i r  own. I n  t h e  m e a n t i m e ,  t he  
t e c h n i c a l  c a p a b i l i t y  i n  t h e  c o u n t r y  wou ld  q o  o n  d e v e l o p i n g  i t s  
d a t a  r e s o u r c e  so t h a t  when s e t t l e m e n t  h a d  s u b s i d e d  i n  f o u r  t o  
f i v e  y e a r s ,  t h e y  c o u l d  b e g i n  t o  work  w i t h  t h o s e  f a r m e r s  who 
a p p e a r e d  t o  be s u c c e s s f u l .  

A s e c o n d  a l t e r n a t i v e  w o u l d  be t o  h i r e  a c o n t r a c t  f i r m  
f r o m  a more d e v e l o p e d  c o u n t r y  w i t h  a g r i c u l t u r a l  e x p e r i e n c e  who 
w o u l d  be i n t e r e s t e d  i n  d e v e l o p i n g  the  r e s o u r c e .  T h i s  w o u l d  
i n c l u d e  a c o n t r a c t  w h i c h  w o u l d  p e r m i t  a r e t u r n  of t h e  d e v e l o p e d  
r e s o u r c e  t o  D j i b o u t i  or t o  t h e  l a n d u s e r s  a f t e r  a s p e c i f i e d  period 
of time when the company had b e e n  p a i d  h a c k  f o r  i t s  i n v e s t m e n t .  
This m i g h t  be more a c c e p t a b l e  f o r  f r u i t  a n d  v e g e t a b l e  
d e v e l o p m e n t ,  w h e r e  food p r e s e r v a t i o n ,  food q u a l i t y  a n d  t i m i n a  o f  
y i e l d s  a re  v e r y  s i g n i f i c a n t  f a c t o r s .  

T h i r d ,  t h e  D j i b o u t i  g o v e r n m e n t  may d e c i d e  t o  t a k e  
c h a r g e  o f  a l l  t h e  a g r i c u l t u r a l  d e v e l o p m e n t  i t s e l f  a n d  h i r e  t h e  
p e o p l e  t h a t  a re  g o i n g  t o  d o  t h e  work  a n d  h a v e  a n  o r g a n i z e d  
a g r i c u l t u r a l  s y s t e m .  I t  w o u l d  be u n d e r  the c o n t r o l  o f  t h e  
a g r i c u l t u r a l  e x p e r t s  a n d  the  p l a n n i n g  p o l i c y  o f  the s t a t e .  

F o u r t h ,  t h e  g o v e r n m e n t  c o u l d  e s tab l i sh  a s e t  o f  
p r i o r i t i e s  for d e v e l o p m e n t .  I t  c o u l d  pace d e v e l o p m e n t  so o n e  
t h i n g  b e g i n s  f i r s t  f o l l o w e d  b y  a n o t h e r .  This has t o  d o  w i t h  t he  
d e v e l o p m e n t  o f  s p e c i f i c  r e g i o n s  a n d  s p e c i f i c  crops so t h a t  
d e v e l o p m e n t  c o n t i n u e s  s q u e n t i a l l y  a n d  therefore t e c h n i c a l  s u p p o r t  
c a n  e n t e r  b e f o r e  d e v e l o p m e n t  a n d  c a n  f o l l o w  a l o n g  w i t h  the  
d e v e l o p m e n t  a n d  c a n  h e l p  p e o p l e  m a x i m i z e  t h e  r e s o u r  ce. I n  t h i s  
way ,  t h e  t e c h n i c a l  c a p a b i l i t y  o f  t h e  c o u n t r y  w o u l d  be b r o u g h t  t o  
bear e a r l y  i n  t h e  d e v e l o p m e n t  a n d  w o u l d  s h a r e  i n  t he  
r e s p o n s i b i l i t y  for n e g a t i v e  c o n s e q u e n c e s .  This c a l l s  for more 
r e s t r a i n t  o n  the  pa r t  o f  t h e  g o v e r n m e n t  a n d  i n d i v i d u a l s  a n d  
p r i v a t e  e n t e r p r i s e .  T h i s  i s  fa r  more d e m a n d i n g  o n  t h e  t e c h n i c a l  



e x p e r t i s e ,  b u t  p r o d u c e s  a f a r  more s y s t e m a t i c  a n d  c o n t r o l  l e d  
d e v e l o p m e n t  i n  the  e n d .  G i v e n  t h i s  r e v i e w  o f  t h e  c i r c u m s t a n c e s  
i n  D j i b o u t i ,  i t  s h o u l d  be p o s s i b l e  f o r  t h e  M i n i s t r y  o f  
A g r i c u l t u r e  a n d  o t h e r  g o v e r n m e n t a l  a g e n c i e s ,  i n c l u d i n g  t h e  l e g a l  
i n s t i t u t i o n s ,  t o  i n i t i a t e  p r o g r a m s  now so t h a t  t h e i r  work i s  d o n e  
b y  t h e  t i m e  t h a t  t h e  n e e d s  o f  t h e  a g r i c u l t u r a l  communi ty  q row 
l a r g e  enough  t o  demand s u p p o r t .  T h i s  r e p o r t  w i l l  s e r v e  a s  
g u i d a n c e  t o w a r d  t h e  o r c j a n i z i n q  o f  w h a t e v e r  a g r i c u l t u r a l  
d e v e l o p m e n t  p r o g r a m  i s  d e c i d e d  upon.  
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SUMMARY AND CONCLUSIONS - 
P u r p o s e  

P u r p o s e  o f  t h i s  t r i p  was t o  d e v e l o p  a l t e r n a t i v e s  a n d  recommendat ions  
f o r  s p e c i f i c  A I D  a c t i o n  i n  t h e  n e w l y - c r e a t e d  R e p u b l i c  o f  D j i b o u t i ,  
b a s e d  o n  a  r e c o n n a i s s a n c e  o f  t h e  c o u n t r y ' s  n a t u r a l ,  human, a n d  
i n s t i t u t i o n a l  r e s o u r c e s .  

T h i s  r e p o r t  w i l l  p r e s e n t  a  background  a n d  summary o f  t h e  f i n d i n g s  o f  
t h e  team which  w i l l  be f o l l o w e d  by recommendat ions .  A f t e r  t h a t  w i l l  
come d e t a i l e d  f i n d i n g s  and  t h e  i t i n e r a r y  o f  t h e  t r i p  a l o n g  w i t h  a n  
i d e n t i f i c a t i o n  o f  t h e  p e r s o n s  c o n t a c t e d .  

C o n c l u s i o n s  

I f  a g r i c u l t u r a l  d e v e l o p m e n t  c o u l d  be c o n s i d e r e d  i n  i s o l a t i o n ,  o u r  t a s k  
would be much s i m p l e r .  U n f o r t u n a t e l y ,  it c a n n o t  be. Such g e n e r a l  
p u r p o s e  c a p a b i l i t i e s  a s  t o t a l  w a t e r  management, t a x a t i o n  a n d  p u b l i c  
f i n a n c e ,  a n d  t e c h n i c a l  manpower, which c u r r e n t l y  d o  n o t  e x i s t ,  w i l l  be 
e s s e n t i a l  f o r  a g r i c u l t u r a l  deve lopment ,  and  t h e y  c a n n o t  be assumed 
away i n  d e s i g n i n g  a n  A I D  s t r a t e g y  or  p r o j e c t .  N o  s o u r c e  a p p e a r s  
l i k e l y  f o r  h e l p  i n  t h e s e  a r e a s  o t h e r  t h a n  A I D .  

C u r r e n t l y ,  w a t e r  seems t o  be t h e  m o s t  s e r i o u s  p r i m a r y  o r  f i r s t - o r d e r  
l i m i t i n g  f a c t o r .  S i n c e  money and  p e o p l e  a r e  i m p o r t a n t  i n  s o l v i n g  
w a t e r  problems, t h e y  too become l i m i t i n g  f a c t o r s  e v e n  i f  by 
d e r i v a t i o n .  A l o g i c a l  deve lopmen t  s t r a t e g y  mus t  f i g u r e  t o  economize  
o n  t h e  s c a r c e s t  r e s o u c e .  I n e f f i c i e n t  u s e  o f  r e l a t i v e l y  a b u n d a n t  
r e s o u r c e s  is  n o t  s e r i o u s  and  may even  be w i s e ,  a s  l o n g  a s  t h a t  
r e s o u r c e  i s  n o t  b e i n g  d e s t r o y e d .  T o  be s p e c i f i c ,  y i e l d  p e r  c u b i c  
meter o f  w a t e r  i s  a  more i m p o r t a n t  p e r f o r m a n c e  c r i t e r i o n  t h a n  y i e l d  
p e r  a c r e  of l a n d  ( i f  t h e  l a n d  i s  n o t  b e i n g  l o s t ) .  However, t h e  w a t e r  
management p rob lem i s  f a r  more i n c l u s i v e .  A w a t e r  management 
c a p a b i l i t y  w i l l  i n c l u d e  s u c h  s o p h i s t i c a t e d  e l e m e n t s  a s  m o n i t o r i n g  t h e  
r e - c h a r g e  o f  u n d e r g r o u n d  r e s e r v o i r s  and  t h e  e s t a b l i s h m e n t  and  
e n f o r c e m e n t  o f  b o t h  r a t e s  o f  e x t r a c t i o n  and  r i g h t s  t o  w a t e r  when it 
becomes n e c e s s a r y .  I t  w i l l  a l so  i n c l u d e  s u c h  mundane e l e m e n t s  as 
k e e p i n g  pumps i n  o p e r a t i o n ,  a s  w e l l  a s  s u c h  g e n e r a l  e l e m e n t s  a s  a n  
e f f i c i e n t  p r o c u r e m e n t  mechanism f o r  e s s e n t i a l  i m p o r t e d  s u p p l i e s  and  
equ ipmen t ,  which  c u r r e n t l y  a r e  v e r y  c o s t l y .  

T h e r e  seems t o  be n o  way t h a t  a g r i c u l t u r a l  deve lopmen t  c a n  be 
i n i t i a t e d  i n  D j i b o u t i  w i t h o u t  s u b s i d y ,  and  f o r  a  c o u n t r y  w i t h  few 
f i n a n c i a l  r e s o u r c e s ,  a n  u n c e r t a i n  t a x  mechanism, and  l a c k  o f  s k i l l s  i n  
p u b l i c  f i n a n c i a l  management, t h i s  i s s u e  h a s  t o  be f a c e d .  (The  
b u d g e t i n g  o f  $600 ,000  f o r  t h e  deve lopment  o f  a  1 5 - h e c t a r e  a g r i c u l t u r a l  
deve lopmen t  s i t e  d r a m a t i z e s  t h e  f i n a n c i a l  management p rob lem. )  I n  t h e  
s h o r t  t o  i n t e r m e d i a t e  r u n ,  i t  c a n  be e x p e c t e d  t h a t  t h e r e  w i l l  be 
e x t e r n a l  b u d g e t  s u p p o r t  a s s i s t a n c e ,  b u t  t h e r e  is  no  b a s i s  f o r  
e x p e c t i n g  it t o  p r o v i d e  much i n v e s t m e n t  c a p i t a l  o v e r  any l o n g  r u n .  
S i n c e  it seems c l e a r  t h a t  t h e  government  w i l l  h a v e  t o  p l a y  a  m a j o r  
ro l e  i n  a g r i c u l t u r a l  deve lopment ,  t h e  q u e s t i o n s  o f  where  f i n a n c i a l  
r e s o u r c e s  a r e  found  and  t h e  e f f i c i e n c y  w i t h  which t h e y  a r e  u s e d  become 
c r i t i c a l .  



N e i t h e r  t h e  w a t e r  p rob lem n o r  t h e  f i n a n c i a l  problem c a n  be a d d r e s s e d  
w i t h o u t  b o t h  (1) a  s t o c k  o f  w e l l - t r a i n e d  p e o p l e  and  ( 2 )  a n  
i n s t i t u t i o n a l  framework t h a t  a l l o w s  t h e  p e o p l e  t o  be p r o d u c t i v e .  

There a r e  many i n d i c a t i o n s  t h a t ,  g i v e n  a l l  t h e  above ,  D j i b o u t i  s t a n d s  
exposed  t o  a  s i t u a t i o n  i n  which d o n o r  a c t i v i t y  c a n  20 pore harm t h a n  
good .  The a b s e n c e  o f  a  c a p a b i l i t y  t o  p l a n ,  t o  u n d e r s t a n d  what  i s  
f e a s i b l e ;  i . e . ,  c o m p l e t e  dependence  o n  f o r e i g n e r s ,  e x a c e r b a t e s  t h e  
d a n g e r .  The more harm t h a n  good c o u l d  f l ow  from three  t y p e s  o f  
e v e n t u a l i t i e s .  One i s  t h a t  d o n o r s  w i l l  p r o v i d e  s o o d s  t h a t  e i t h e r  a r e  
n o t  w o r t h  t h e i r  cost  t o  the  c o u n t r y  o r  p r o v i d e  s u c h  a  s m a l l  r e t u r n  
t h a t  a  c a p i t a l  s t a r v e d  c o u n t r y  c a n n o t  a f f o r d  t h e m .  T h i s  c o u l d  come 
f r o m  a  d e s i r e  o f  a  d o n o r  c o u n t r y  t o  e x p o r t  goods or  from a  b e l e a g u e r e d  
b u r e a u c r a t  unde r  p r e s s u r e  t o  move money or  f o r c e d  t o  o p e r a t e  beyond 
h i s  a r e a  o f  competence .  The i m p a c t  o n  D j i b o u t i  would be t h e  same. 

The second  problem,  and  D j i b o u t i  may be f a c i n g  i t ,  i s  t h a t  w i t h  o n l y  a  
few e x t e r n a l  r e s o u r c e s  c o n d i t i o n s  would be c r e a t e d  t h a t  would r e s u l t  
i n  new l i f e  s t y l e s  d e p e n d e n t  o n  t h e  f l o w  o f  e x t e r n a l  r e s o u r c e s ,  and 
t h u s  h i g h l y  v u l n e r a b l e  t o  a n  i n t e r r u p t i o n  o f  t h a t  f l o w  o v e r  which t h e  
c o u n t r y  h a s  l i t t l e  c o n t r o l .  D j i b o u t i  i s  F o r e  v u l n e r a b l e  t h a n  m o s t  
c o u n t r i e s  b e c a u s e  i t s  r e s o u r c e s  i n  t h e i r  n a t u r a l  s t a t e s  w i l l  n o t  
s u s t a i n  a n y  more t h a n  t h e  c u r r e n t  l e v e l  o f  a c t i v i t y ,  and p e r h a p s  n o t  
a s  much. F u r t h e r ,  t h e  r e s o u r c e  c o m b i n a t i o n  i s  such  t h a t  it i s  
d i f f i c u l t  t o  see h o w  t h e  g r o w t h  p r o c e s s  c a n  s u s t a i n  i t s e l f ,  o n c e  
i n i t i a t e d ,  i n  some so r t  o f  autonomous f a s h i o n .  A q r i c u l t u r a l  p rowth  i s  
g o i n g  t o  be d e p e n d e n t  o n  i n v e s t m e n t  i n  w e l l s  t h a t  o n l y  t h e  government  
c a n  be e x p e c t e d  t o  make. 

The u p s h o t  i s  t h a t  a n y  s i g n i f i c a n t  a g r i c u l t u r a l  deve lopmen t  must  
depend  o n  a  r e l a t i v e l y  s o p h i s t i c a t e d  i n s t i t u t i o n a l  s t r u c t u r e  t o  q u i d e ,  
n u r t u r e ,  and  f i n a n c e  it. T h a t  s t r u c t u r e  w i l l  t a k e  some t i m e  t o  
d e v e l o p ,  and  D j i b o u t i  w i l l  h a v e  t o  h a v e  a s s i s t a n c e  t o  a c c c m p l i s h  it. 
S l o p i n e s s  i n  d e s i g n  and i m p l e m e n t a t i o n  o f  deve lopment  p r o j e c t s  c o u l d  
r e s u l t  i n  s e r i o u s  c o n s e q u e n c e s  i f  t h e  a s s i s t a n c e  o r  t h e  p r o c e s s  w e r e  
i n t e r r u p t e d .  I f  a n  economy d e p e n d s  o n  w e l l s ,  t h e  pumps h a v e  t o  be 
k e p t  work ing .  They d o n ' t  work n a t u r a l l y .  

T h e  t h i r d  d a n g e r  of h a r m  e x c e e d i n g  good s t e m s  f r o m  the  damage t h a t  
c o u l d  come t o  t h e  f r a g i l e  econogy  from deve lopment  a c t i v i t i e s .  The 
team c a n  o n l y  r e c o g n i z e  t h e  d a n g e r ,  n o t  e v a l u a t e  it. I t  i s  p o s s i b l e  
t h a t  t h e  D j i b o u t i  e c o l o g y  h a s  s t a b i l i z e d  a t  s u c h  a  l o w  ~ r o d u c t i v e  
s t a t e  t h a t  f u r t h e r  d e g r a d a t i o n  i s  n o t  l i k e l y .  

RECOMMENDATIONS 

Assumpt ions  

Some c l a r i f i c a t i o n  i s  n e c e s s a r y  o f  t h e  a s s u m p t i o n s  t h a t  a r e  r e l e v a n t  
t o  t h e  recommendat ions .  

1. W e  assume t h a t  f o r  p e r h a p s  a s  l o n g  as a  d e c a d e ,  t h e  i n t e r n a t i o n a l  
community,  m o s t l y  F r a n c e ,  w i  11 p r o v i d e  b u d g e t  s u p p o r t  t o  t h e  D j i b o u t i  
government .  W e  assume t h a t  t h i s  s u p p o r t  w i l l  n o t  p r o v i d e  f o r  



d e v e l o p m e n t a l  a c t i v i t i e s  a n d  t h a t  it w i l l  n o t  be a c c o m p a n i e d  w i t h  
s i g n i f i c a n t  t e c h n i c a l  a s s i s t a n c e  i n  e f f i c i e n t  b u d s e t i n q  a n d  
a d m i n i s t r a t i o n .  

2 .  W e  a s s u m e  t h a t  o t h e r  d o n o r s  w i l l  p r o v i d e  some f i n a n c i a l  a s s i s t a n c e  
t h a t  w i l l  be d e t e r m i n e d  o n  t h e  basis  o f  a p r o j e c t  a n a l y s i s ,  n o t  a 
g l o b a l  or  i n s t i t u t i o n a l  a n a l y s i s .  J u d g i n g  f r o m  o b s e r v a t i o n s  o f  d o n o r s  
i n  some other c o u n t r i e s ,  we a s s u m e  t h a t  a t  t i m e s  there  w i l l  be more 
money a v a i l a b l e  t h a t  c a n  be e f f i c i e n t l y  u s e d  i n  D j i b o u t i  a n d  t h a t  
there  w i l l  be s h o r t  r u n  i m p r o v i s a t i o n s  i n  p r o j e c t  m a n a g e m e n t  t o  
c o m p e n s a t e  for  t h e  l a c k  o f  D j i b o u t i  i n s t i t u t i o n a l  c a p a b i l i t y .  

3 .  W e  a s s u m e  t h a t  t h e r e  w i l l  be projects  a n d  i n s t a n c e s  o f  i n t e r e s t  i n  
s p e c i f i c  t e c h n i c a l  areas o n  t h e  p a r t  o f  o t h e r  d o n o r s .  

4. W e  a s s u m e  t h a t  n o  o t h e r  d o n o r  w i l l  be s p e c i f i c a l l y  i n t e r e s t e d  i n  
t h e  i n s t i t u t i o n a l  a n d  human r e s o u r c e  d e v e l o p m e n t  a rea  o n  t h e  
c o m p r e h e n s i v e  scale  t h a t  o u r  a n a l y s i s  i n d i c a t e s  t o  u s  i s  n e e d e d .  

5. W e  a s s u m e  t h a t  t h e  g o v e r n m e n t  w i l l  n o t  be able  t o  m a i n t a i n  
a d e q u a t e  s u r v e i l l a n c e ,  l e t  a l o n e  management ,  of t h e  v a r i o u s  d o n o r  
a c t i v i t i e s .  Donor  a c t i v i t y  w i l l ,  i n  e f f e c t ,  be o u t  of c o n t r o l ,  b u t  
d o n o r  c o m p e t i t i o n  f o r  t he  a t t e n t i o n  o f  t h e  scarce D j i b o u t i  manpower  
w i l l  be s u b s t a n t i a l .  

6. W e  a s s u m e  there  w i l l  be a s e v e r e  s h o r t a g e  o f  r e s o u r c e s  of a l l  
k i n d s  o v e r  w h i c h  t h e  g o v e r n m e n t  h a s  d i s c r e t i o n .  

7 .  W e  a s s u m e  t h a t  t h e  n e e d s  for  e c o n o ~ i c  e f f i c i e n c y  may w e l l  be i n  
c o n f l i c t  w i t h  c u l t u r a l  t r a d i t i o n s ,  b u t  e c o n o m i c  d e v e l o p m e n t  i s  a 
r i g o r o u s  t a s k  master a n d  it demands  e f f i c i e n c y .  P r o g r a m  d e s i a n  m u s t  
r e f l e c t  t he  c o n f l i c t  a n d  seek a r e s o l u t i o n .  

8. N e  a s s u m e  p o l i t i c a l  s t a b i l i t y  b u t  r e c o g n i z e  t h e  n e e d  t o  m a i n t a i n  
s o m e  p r o t e c t i o n  a g a i n s t  i n s t a b i l i t y .  

Recommenda t ions  

1. T h a t  A I D  d e v e l o p  a p r o g r a m  f o r  D j i b o u t i  t h a t  e m p h a s i z e s  h e l p i n q  
D j i b o u t i  know a n d  u n d e r s t a n d  i t s  n a t u r a l  r e s o u r c e  s i t u a t i o n  and 
h e l p i n g  d e v e l o p  t h e  human a n d  i n s t i t u t i o n a l  r e s o u r c e s .  T h e  p r o g r a m  
s h o u l d  be g u i d e d  b y  t h e  f o l l o w i n g  c r i t e r i a .  

a .  We m u s t  face t h e  D j i b o u t i a n s  w i t h  t h e  f a c t s  of t h e  d i f f i c u l t  
d e v e l o p m e n t  t a s k  t h a t  t h e  c o u n t r y  faces a n d  g u a r d  c a r e f u l l y  a g a i n s t  
m a s k i n g  o v e r  t h e  problem, e i t he r  i n t e n t i o n a l l y  o r  i n a d v e r t e n t l y .  

b. T h e  p r o g r a m  s h o u l d  attempt t o  k e e p  r e c u r r e n t  f i n a n c i a l  
r e q u i r e m e n t s  a s  n e a r l y  as feas ib le  i n  l i n e  w i t h  D j i b o u t i ' s  capacity t o  
p r o d u c e  f i n a n c i a l  r e s o u r c e s  ( b y  e c o n o m i c  a c t i v i t y )  a n d  t o  mobi l ize  
t h e m  ( b y  t a x a t i o n  o r  o t h e r  a n t i c i p a t e d  m e a n s ) .  



c .  I t  s h o u l d  a im t o  c o n s e r v e  c a p i t a l  t o  t h e  maximum e x t e n t  
f e a s i b l e .  

d .  I t  s h o u l d  l o o k  t o  n o n - f i n a n c i a l  fo rms  o f  c a p i t a l  b o t h  i n  u s e  
a n d  f o r m a t i o n .  F o r  example ,  i f  b o u l d e r s  c a n  be removed f rom l a n d  by 
u s e  o f  t h e  o t h e r w i s e  unemployed l a b o r  o f  t h o s e  who w i l l  b e n e f i t ,  
s c a r c e  f i n a n c i a l  r e s o u r c e s  c a n  be s a v e d ,  and c a p i t a l  w i l l  be fo rmed .  

e. I t  s h o u l d  a i m  t o  a c h i e v e  n e t  c u m u l a t i o n  o f  b e n e f i t s  a s  
opposed  t o  r e l y i n g  o n  f u t u r e  ( o r  c o n t i n u i n g )  i n v e s t m e n t s  t o  make p a s t  
i n v e s t m e n t s  p r o d u c t i v e .  

f .  I t  s h o u l d  s e e k  e f f i c i e n c y  i n  t h e  u s e  o f  a l l  r e s o u r c e s ,  e i t h e r  
i n t e r n a l  o r  e x t e r n a l ,  n o t  j u s t  t h e  i n p u t s  p r o v i d e d  by  A I D .  

2 .  That A I D  a s s i g n  o n e  o f f i c e  t o  D j i b o u t i .  A t  t h i s  t i m e  it i s  
d i f f i c u l t  t o  j u s t i f y  more t h a n  o n e ,  e i t h e r  a s  a f u n c t i o n  o f  t h e  
i n d i c a t e d  program or  o f  t h e  a v a i l a b i l i t y  o f  A I D  o f f i c e r s .  On t h e  
o t h e r  hand ,  i t  i s  i m p o r t a n t  t h a t  o n e  be a s s i g n e d .  The Embassy i s  n o t  
s t a f f e d  t o  h a n d l e  a n  A I D  e f f o r t .  

3 .  That i m m e d i a t e  s t e p s  be t a k e n  t o  p r o c u r e  a  new w e l l  d r i l l i n g  r i g  
f o r  D j i b o u t i ,  a c c o r d i n g  t o  c r i t e r i a  recommended by e x p e r t s  a v a i l a b l e  
t o  A I D / W .  I t  i s  e s s e n t i a l  t h a t  a p p r o p r i a t e  s p a r e  p a r t s  accompany t h e  
r i g  and t h a t  l i be ra l  t r a i n i n g  i n  o p e r a t i o n ,  m a i n t e n a n c e ,  and  r e p a i r  be 
p r o v i d e d  before t h e  r i g  b e g i n s  t o  o p e r a t e .  The need  i s  u r g e n t  and  A I D  
s h o u l d  s e e k  t h e  m o s t  e x p e d i t i o u s  means t o  p r o v i d e  t h e  r i g .  

4.  T h a t  t h e  D j i b o u t i  p rog ram be implemented  i n  t h e  T i t l e  X I 1  s t y l e ,  
g i v e n  T i t l e  X I  I e m p h a s i s  o n  knowledge ,  t e c h n o l o g y ,  human r e s o u r c e  
deve lopmen t ,  a n d  i n s t i t u t i o n a l  d e v e l o p m e n t ,  which  i s  p r e c i s e l y  w h a t  i s  
m o s t  n eeded .  The  a r r a n g e m e n t  n e e d s  t o  be made i m m e d i a t e l y  b e c a u s e  o f  
t h e  g r e a t  need  fo r  t e c h n i c a l  e x p e r t i s e  i n  program d e v e l o p m e n t ,  and  t h e  
a d v a n t a g e s  t h a t  would  be g a i n e d  f rom e a r l y  i n v o l v e m e n t  o f  t h e  
u n i v e r s i t y .  The  program s h o u l d  depend  h e a v i l y  o n  TDY h e l p ,  w i t h  n o  
more t h a n  o n e  p e r s o n  b e i n g  i n  r e s i d e n c e .  E i t h e r  t h e  C o n s o r t i u m  f o r  
I n t e r n a t i o n a l  Development  o r  o n e  o f  i t s  m e m b e r  u n i v e r s i t i e s  i s  
i n d i c a t e d  as  t h e  l o g i c a l  c o l l a b o r a t o r .  A team c o n s i s t i n g  o f  o n e  A I D  
o f f i c e r  and  o n e  c o n t r a c t  p e r s o n  w i t h  TDY a c c e s s  t o  t h e  r e s o u r c e s  o f  a  
m a j o r  u n i v e r s i t y  o p e r a t i n g  o v e r  a  d e c a d e  would s t a n d  a  r e l a t i v e l y  sood 
c h a n c e  o f  making an  i m p a c t  i n  D j i b o u t i .  I f  t h e  two-man team cost 
$200 ,000  t o  $225 ,000  a y e a r ,  a n d  o n e  assumed a  m i l l i o n  d o l l a r  a n n u a l  
b u d g e t ,  ample  f u n d s  would be l e f t  f o r  TDY, t r a i n i n g  o f  D j i b o u t i  
p e r s o n n e l ,  and  e v e n  some modes t  commodity p rocu remen t .  One c o u l d  
e x p e c t  some t e c h n i c a l  i n p u t ,  n o t  s i m p l y  a d m i n i s t r a t i v e  s e r v i c e s ,  f r om 
t h e  two-man team i n  r e s i d e n c e .  The Embassy p l a n s  f o u r  rooms f o r  A I D  
i n  i t s  new f a c i l i t i e s .  I f  t w o  w e r e  u sed  f o r  t h i s  team and o n e  f o r  t h e  
s e c r e t a r y ,  a room would be a v a i l a b l e  f o r  TDY p e r s o n n e l .  

5 .  T h r e e  r e s o u r c e  i n v e n t o r y  a n d  e v a l u a t i o n  t a s k s  need  i m m e d i a t e  
a t t e n t i o n ,  d e a l i n g  w i t h  w a t e r ,  s o i l ,  and  env i ronmen t .  The T i t l e  X I 1  
collaborator s h o u l d  be i n v o l v e d  i n  t h i s  e f f o r t .  W e  o f f e r  t h e s e  
c o n s i d e r a t i o n s .  



F u l l  a d v a n t a g e  n e e d s  t o  be t a k e n  o f  t h e  work o f  P i e r r e  Pouchan, 
U n i v e r s i t y  o f  Bordeaux h y d r o l o g i s t .  H i s  d a t a  and a n a l y s i s  o n  t h e  
w a t e r  s i t u a t i o n  may be a d e q u a t e  f o r  immed ia t e  n e e d s .  I t  would be 
u s e f u l  i n  p l a n n i n g  t h e  i n v e n t o r y .  D e a l i n g  a s  h e  d o e s  i n  g e o l o q y ,  h i s  
i n f o r m a t i o n  may a l s o  be u s e f u l  t o  t h e  so i l s  p e o p l e .  A I D  a n d / o r  t h e  
T i t l e  X I  I c o l l a b o r a t o r  s F o u l d  p r o c u r e  h i s  s e r v i c e s  o n  a  c o n s u l t i n g  
b a s i s  t o  h e l p  d e t e r m i n e  what  w e  know and  what  n e e d s  t o  h e  done  t o  
d e v e l o p  f u r t h e r  i n f o r m a t i o n .  

I n  t h e  so i l s  a r e a ,  a  s u r v e y  i s  needed ,  b u t  t h e  e x t e n t  and  n a t u r e  i s  i n  
q u e s t i o n .  The f i r s t  t a s k  t h a t  w e  see needed i s  t o  e v a l u a t e  t F e  so i l s  
i n  t h e  s p o t s  whe re  t h e r e  i s  c u r r e n t l y  some w a t e r  a v a i l a b l e  f o r  
i r r i g a t i o n .  The second  p r i o r i t y  need  i s  f o r  s u r v e y s  i n  t h o s e  a r e a s  i n  
wh ich  D j i b o u t i  i s  i n t e r e s t e d  i n  d r i l l i n g  more w e l l s ,  o r  i n  h e l p i n g  
d e t e r m i n e  f u t u r e  w e l l  s i tes .  Some s t u d y  s h o u l d  be made o f  t h e  Gobaad 
a n d  H a n l e  P l a i n s .  

W e  recommend p r o v i d i n g  s o m e  s o i l  t e s t i n g  l a b o r a t o r y  equ ipmen t  and 
s u p p l i e s  a l o n g  w i t h  t h e  s u r v e y ,  b u t  do n o t  know what  i s  needed .  

W e  h a v e  no recommendat ion f o r  s p e c i f i c  a c t i o n  i n  t h e  e n v i r o n m e n t a l  
f i e l d  -- o n l y  t h a t  o u r  program n o t  i g n o r e  i t .  

6 .  Given  t h e  u r g e n t  n e e d s  f o r  e f f i c i e n t  u s e  o f  r e s o u r c e s  and  t h e  
n a t u r e  o f  t h e  c u l t u r e ,  w e  recommend t h a t  both economic and s o c i a l  
e x p e r t i s e  be made a v a i l a b l e  b y  the  u n i v e r s i t y .  

7 .  W e  recommend t h a t  e v e r y  a c t i v i t y  t a k e  a l l  f e a s i b l e  s t e p s  t o  b u i l d  
D j i b o u t i  c a p a c i t y .  F o r  example ,  t h e  s o i l  s u r v e y  s h o u l d  s u p p l y  some 
e q u i p m e n t  and  i n v o l v e  t h e  n a t i v e  a g r o n o m i s t .  S o l v i n g  t h e  w a t e r  
d r i l l i n g  r i g  problem s h o u l d  i m m e d i a t e l y  a d d r e s s  t h e  need  f c r  a  
m a i n t e n a n c e  and  r e p a i r  c a p a b i l i t y ,  p l u s  t h e  need f o r  a n  e f f i c i e n t  
p r o c u r e m e n t  mechanism. S t a t e d  i n  a n o t h e r  way, w e  recommend t h a t  human 
r e s o u r c e  and  i n s t i t u t i o n a l  deve lopmen t  c o n s t i t u t e  t h e  c e n t r a l  t h r u s t  
o f  t h e  A I D  program,  b u t  t h a t  i n  e v e r y  c a s e  t h e  a c t i v i t i e s  s h o u l d  be 
o r i e n t e d  t o  r e a l  p rob l ems ,  s t r i c t l y  r e s i s t i n g  any  t e m p t a t i o n  t o  b u i l d  
i n s t i t u t i o n s  i n  t h e  a b s t r a c t .  

8. W e  c a n n o t  be p r e c i s e  a t  t h i s  t i m e  o n  recommendat ions  f o r  
i n i t i a t i n g  t h e  a g r i c u l t u r a l  deve lopmen t  program. C u r r e n t l y ,  t h e  
F r e n c h ,  w i t h  t w o  l i n e  o f f i c e r s  i n  h i g h  M i n i s t r y  o f  A g r i c u l t u r e  
p o s i t i o n s  d o m i n a t e  t h i s  a c t i v i t y .  W e  do recommend a  s t r a t e s i c  
p o s i t i o n ;  i .e . ,  t h a t  a c t i v i t i e s  be d e s i g n e d  t o  a c h i e v e  a g r i c u l t u r a l  
d e v e l o p m e n t  i n  a  g r a d u a l ,  s t e a d y  f a s h i o n .  The a l t e r n a t i v e  i s  t o  
a t t e m p t  quantum jumps which would n e c e s s i t a t e  l a r g e  c a p i t a l  
i n v e s t m e n t s  i n  d i t c h  c o n s t r u c t i o n ,  a n d  w e l l s ,  and  w i t h  l i t t l e  
e x p e r i e n c e ,  t e c h n o l o g y  a n d  knowledge o n  which  t o  b a s e  d e c i s i o n s .  The 
g r a d u a l  s t e a d y  c o u r s e  would i n v o l v e  t a k i n g  a d v a n t a g e  o f  " s u r p l u s "  
w a t e r  a t  c u r r e n t  w e l l s  o r  w e l l s  d r i l l e d  t o  s e r v e  o t h e r  n e e d s ,  and 
n a t u r a l  s p r i n g s  o v e r  t h e  n e x t  t h r e e  t o  f i v e  y e a r s .  Dur ing  t h i s  t i m e ,  
t e c h n i c i a n s  c o u l d  be t r a i n e d ,  f a r m e r s  c o u l d  be r e c r u i t e d  and t r a i n e d ,  
e s s e n t i a l  e x p e r i m e n t a t i o n  b o t h  i n  agronomy and  i n  f a rm deve lopmen t  
c o u l d  be done ,  program e x p e r i e n c e  o n  t h e  p a r t  o f  t h e  p u b l i c  o f f i c i a l s  
c o u l d  be g a i n e d ,  a n d  w e  would h a v e  many i n s i g h t s  a s  w e l l  a s  o u e s t i o n s  
which  w e  c a n n o t  foresee t o d a y .  The c a p i t a l  costs would be r e l a t i v e l y  



modest, and t h e  i n e v i t a b l e  errors would be s m a l l  i n  consequence.  
F i n a l l y ,  a t  any t i m e  it were j u s t i f i e d ,  t h e  a l t e r n a t i v e  s t r a t e g y  c o u l d  
be adopted .  

The a l t e r n a t i v e  i s  t o  e s t a b l i s h  b i g  p r o j e c t s .  P r e l i m n i n a r y  d a t a  
i n d i c a t e  t h a t  good w a t e r  and good s o i l  can  b o t h  be found i n  t h e  Gobaad 
and  Hanle  P l a i n s ,  and t h a t  i s  a t e m p t a t i o n  t o  move i n  immedia te ly .  
With no  f a r m e r s ,  no  p u b l i c  s e r v a n t s  e x p e r i e n c e d ,  no t e c h n i c a l  t r a i n i n a  
o r  t r a i n i n g  f a c i l i t i e s ,  and no ind igenous  t echno logy ,  t h e  l a r g e  
p r o j e c t  seems t o o  g r e a t  a  r i s k .  I n  D j i b o u t i ,  it w i l l  n o t  t a k e  a  ve ry  
b i g  p r o j e c t  t o  be too l a r g e .  

I t  i s  d i f f i c u l t  f o r  us  t o  v i s u a l i z e  t h e  c o u r s e  of  a g r i c u l t u r a l  
development  when t h e  p r o c e s s  s t a r t s  a t  z e r o ,  b u t  i f  100 a c r e s  were 
under  c r o p s  on 20 going-concern farms i n  f i v e  y e a r ,  it would p robab ly  
be a n o t a b l e  achievement .  T h a t  cou ld  be done a t  f o u r  or  f i v e  s i tes ,  
a n d  e x p e r i m e n t a l  work cou ld  be h a n d l e d  a t  a n o t h e r  f o u r  o r  f i v e  s i t e s .  

T h i s  presumes t h a t  t h e  c u r r e n t  s i t e  a t  P e t i t  Bara would b e  developed 
a t  a  r a t e  t o  be determined by t h e  s u c c e s s  i n  b r i n g i n g  c o s t s  under  
c o n t r o l .  I t  i s  n o t  coun ted  a s  a  going-concern farm. 

FINDINGS 

Water 

Water i s  t h e  c r i t i c a l  e lement  i n  any of D j i b o u t i ' s  development 
a l t e r n a t i v e s .  W e  d i d  no  d e t a i l e d  s t u d y  of p r e c i p i t a t i o n ,  b u t  i n  
c o n s u l t a t i o n  w i t h  Pierre  Pouchan, h y d r o l o g i s t  from t h e  U n i v e r s i t y  of  
Bordeaux, w e  u n d e r s t a n d  t h a t  ave rage  r a i n f a l l  r a n g e s  from a b o u t  t e n  
i n c h e s  a  y e a r  down. Timing o f  t h e  r a i n f a l l  i s  so v a r i a b l e  t h a t  it 
c a n n o t  be p r e d i c t e d .  S h o r t l y  a f t e r  comple t ion  o f  the  f i e l d  v i s i t ,  
f i v e  i n c h e s  f e l l  on  t h e  c a p i t o l  and p a r t s  o f  t h e  i n t e r i o r ,  c r e a t i n g  
n e a r  d i s a s t e r  c o n d i t i o n s .  There  h a s  been no e x p e r i e n c e  w i t h  s u r f a c e  
w a t e r  impoundment. The ev idence  i s  mixed r e g a r d i n g  t h e  a b i l i t y  of t h e  
s o i l  t o  c o n t a i n  s u r f a c e  impoundments. The e a r t h ' s  c r u s t  i s  l eaky  i n  
many s p o t s ,  b u t  t h e r e  i s  a l s o  e v i d e n c e  t h a t  c l a y  s e t t l i n g  o u t  of  
r u n o f f  w a t e r  w i l l  s e a l  t h e  so i l .  

Currently,  aquifers  about 100 meters deep a r e  the  important source of 
w a t e r  and a r e  l i k e l y  t o  be f o r  t h e  n e x t  s e v e r a l  y e a r s .  F o r t u n a t e l y ,  
c o n s i d e r a b l e  i n f o r m a t i o n  on groundwater  h a s  been c o l l e c t e d ,  a l l  by 
Pouchan who h a s  been s t u d y i n g  t h e  c o u n t r y ' s  w a t e r  s i t u a t i o n  f o r  some 
1 5  y e a r s  and h a s  de te rmined  t h e  l o c a i o n  o f  t h e  w e l l s  d r i l l e d  u n t i l  
now. T h i s  r e p o r t  depends comple te ly  on h i s  s t u d i e s  i n  i t s  d i s c u s s i o n  
o f  wa te r .  H e  a l s o  p rov ided  g e o l o g i c  i n p u t  f o r  t h e  s o i l  a n a l y s i s  and 
g e n e r a l  i n f o r m a t i o n  on a r e a s  w e  d i d  n o t  see. 

Our t e n t a t i v e  c o n c l u s i o n  i s  t h a t  t h e  t o t a l  s u p p l y  o f  groundwater ,  
r e p l e n i s h e d  from r a i n ,  i s  adequa te  f o r  a  s u b s t a n t i a l l y  h i g h e r  l e v e l  o f  
economic a c t i v i t y ,  i n c l u d i n g  a g r i c u l t u r a l  development.  The ev idence  
f o l l o w s .  

D j i b o u t i  h a s  an  unusua l  geology.  I t  i s  formed l a r g e l y  by v o l c a n i c  
a c t i o n  o v e r  long  p e r i o d s  of t i m e ,  and h a s  undergone u p l i f t i n g  i n  some 



areas and collapse and s e t t l i n g  i n  others.  There has been s ign i f i can t  
geologic erosion and t r ans fe r  of s o i l  and i t s  parent material i n  many 
areas. Two important charac te r i s t ics  have resulted.  One i s  t h a t  
there  i s  a  large area of s o i l  along the  coast north of Obock t h a t  i s  
formed by an u p l i f t  of cora l  from the  sea. Some of t h i s  i s  covered 
with volcanic outwash. The other  charac te r i s t ic  i s  t h a t  some of the 
watersheds have no drainage t o  the  sea. Some are  below sea level .  
Water escapes by percolat ion and evaporation of t h i s  type i s  
associated with sa l in iza t ion .  

1. More information about the  water supply i s  needed, par t icu la r ly  
- -  - 

with respect t o  the  annual y ie ld  capacity of the  major aquifers and t o  
water qual i ty ,  especia l ly  i n  those reservoirs i n  which the  danqer of 
s a l t  i s  recognized. The Pouchan data would y ie ld  considerable 
information, but he claims t h a t  adequate information w i l l  require more 
t e s t  borings. The team's judgment i s  t h a t  the  water supply po ten t ia l  
i s  adequate t o  support some agr icul ture  and thus it j u s t i f i e s  fur ther  
a t tent ion.  Water exper t ise  i s  needed t o  help determine both study 
needs and exploitat ion needs. 

0 

2 .  Temperature of the  well water ranges from 39 t o  50 Celsius (105 - 
1 2 2  F . ) ,  and we do not know how t o  evaluate t h i s  phenomenon i n  e i t h e r  
i t s  d i r ec t  e f f ec t s  o r  i t s  implications. 

3 .  Major l imit ing fac tors  a re  represented by the  lack of t ra ined 
manpower and the  lack of an i n s t i t u t i o n a l  framework t o  deal with the  
water problem. One problem, for  example, is  the  exceptionally high 
cost  of equipment and supplies associated with water, a l l  of which a re  
imported, chief ly  due t o  weakness i n  the  importing in s t i t u t ion .  

Soi l s  

L i t t l e  i s  known about Djibouti s o i l s .  Some non-technical br ief ing 
material l i s t e d  the  s o i l  a s  sand. In one of our interviews it was 
indicated t h a t  there  had been so l i t t l e  weathering t h a t  the  parent 
material has not been broken down t o  form a s o i l  base adequate for  
agriculture.  O u r  observations d i d  not square with e i t h e r  of these 
b i t s  of evidence. 

O u r  judgment i s  t h a t  the  s o i l  base i s  adequate t o  support a  
s ign i f ican t  agriculture.  We base tha t  judgment on the  f a c t  t h a t  
volcanic s o i l s  a r e  usually re la t ive ly  f e r t i l e  and t h a t  s o i l s  under 
a r id  conditions have not been extensively leached. In addition, the  
s o i l  i s  of a color normally associated with re la t ive ly  good s o i l s ,  and 
the  parent material i s  essen t ia l ly  basalt .  Finally, our observations 
were t h a t  the  parent material  has been weathered and t h a t  there  i s  a 
high clay content. In f ac t ,  i n  some areas a major problem may be 
associated with a high clay content. 

While we saw snow-white surface i n  only one area, and t h a t  from the  
a i r ,  our hypothesis i s  t h a t  sa l in iza t ion  has occurred on a major sca l e  
and i s  the  explanation of t h e  so-called " s t e r i l e  clays." We inspected 
only one of these areas on the  ground, t h a t  of the  Grand Bara, but we 
saw much more from the  a i r .  The " s t e r i l e  clay" areas a re  almost 
always found on the  p la ins  formed by alluvium which f i l l e d  i n  t he  



c o l l a p s e d  f a u l t s  a s s o c i a t e d  w i t h  t h e  a q u i f e r s .  Our h y p o t h e s i s  i s  t h a t  
t h e s e  s t e r i l e  a r e a s  were formed i n  t h e  l o w  s p o t s  of t h e  c l o s e d  s u r f a c e  
d r a i n a g e  sys tems,  t h a t  t h e  h e a v i e r  m a t e r i a l  had s e t t l e d  o u t  b e f o r e  t h e  
w a t e r  r eached  t h e s e  s p o t s ,  t h a t  t h e  c l a y s  s e t t l e d  o u t  i n  t h e  s p o t s ,  
t h a t  t h e  c l a y s  s e a l e d  o f f  t h e  s u r f a c e  s o  t h a t  t h e r e  was a lmos t  no  
p e r c o l a t i o n ,  and t h a t  t h e  ensu ing  e v a p o r a t i o n  h a s  a l lowed  enouqh s a l t  
t o  a c c u r ~ u l a t e  t o  p r e v e n t  p l a n t  growth b u t  s t i l l  n o t  enough t o  produce  
t h e  p u r e  s a l t  cover .  Admit tedly ,  t h i s  i s  layman r e a s o n i n g ,  b u t  it 
does  seem t o  f i t  o b s e r v a t i o n s  made from t h e  s u r f a c e .  W e  d i d  n o t  see 
a r e a s  i n  which t h e  e n t i r e  p l a n  was " s t e r i l e  c l a y . "  Much of  t h e  
s u r f a c e  i s  covered  w i t h  b a s a l t  r o c k s  and b o u l d e r s ,  b u t  t h e s e  " s t e r i l e  
c l a y "  a r e a s  were c l e a n ,  a s  i f  t h e  b o u l d e r s  had been covered  by t h e  
s e d i m e n t a t i o n .  

A t  any r a t e ,  a  s t u d y  by s o i l s  e x p e r t s  i s  needed,  and o u r  judgments a r e  
t h a t  t h e r e  i s  enough good s o i l  t o  j u s t i f y  such a  s t u d y .  W e  saw a  wide 
v a r i e t y  of  c r o p s  growing a t  s e v e r a l  w e l l  s i t e s ,  b u t  g iven  t h e  s i z e  of  
t h e  p l o t s ,  and t h e  l a c k  of i n f o r m a t i o n  on t echno logy  used ,  t h e  
e v i d e n c e  of t h e  c a r e  and a t t e n t i o n  t h e y  had r e c e i v e d ,  w e  c o u l d  draw 
l i t t l e  c o n c l u s i o n  from them. 

W e  r e c o g n i z e  t h e s e  problems o r  p o s s i b i l i t i e s  of problems. 

1. One i s  t h e  l a c k  of knowledge and u n d e r s t a n d i n g  o f  t h e  
s o i l s .  W e  do have  from Pouchan some f a i r l y  qood g e o l o g i c  maps. While  
some s o i l  su rvey  i s  j u s t i f i e d  a t  p r e s e n t ,  t h e  e x t e n t  of  t h e  su rvey  
must be de te rmined  i n  c o n s u l t a t i o n  w i t h  e x p e r t s .  

2 .  Of s p e c i a l  concern  i s  t h e  danger  of  s a l i n i z a t i o n ,  a s  a  
f u n c t i o n  of  b o t h  w a t e r  and s o i l  q u a l i t y .  

3 .  D j i b o u t i  h a s  o n l y  t h e b e g i n n i n g s  of  an  i n s t i t u t i o n a l  
s t r u c t u r e  t o  d e a l  w i t h  t h i s  problem, b u t  v i r t u a l l y  a l l  t h e  e x p e r t i s e  
i s  embodied i n  o n e  pe r son  w i t h  a  B.S. i n  a g r i c u l t u r e ,  and h e  h a s  
v i r t u a l l y  n o  equipment  and no l i b r a r y  o r  l i t e r a t u r e  f a c i l i t i e s .  

C l i m a t e  

T h i s  i s  a  h a r s h  coun t ry .  I n  a d d i t i o n  t o  t h e  a n c i e n t  v o l c a n i c  
a c t i v i t y ,  t h e  f a u l t s  and s i n k i n g  of  huge a r e a s  of l a n d ,  t he  c o u n t r y  i s  
s t i l l  s u b j e c t  t o  e a r t h q u a k e s  and f l o o d s  t h a t  canno t  be a n t i c i p a t e d .  
On t h e  o t h e r  hand,  t h e  sun and t h e  wind a r e  c o n s t a n t .  Data  on  
e v a p o r a t i o n  was n o t  a v a i l a b l e ,  b u t  t h e  sun s h i n e s  on most days ,  and i n  
t h e  month of J u l y  t h e  mean h i g h  t e m p e r a t u r e  i s  above 100 d e g r e e s  
F a r e n h e i t  i n  t h e  c a p i t o l .  I t  i s  c la imed t h a t  t h e  c l i m a t e  i s  humid, 
b u t  w e  saw no d a t a  on t h i s .  The wind was mentioned o f t e n  a s  a  
problem. Ln s e v e r a l  of  t h e  a r e a s ,  t h e  growing o f  windbreaks  was of a s  
much i n t e r e s t  a s  t h e  growing o f  crops .  The wind and sun may a l s o  
c o n s t i t u t e  energy r e s o u r c e s ,  b u t  t h e r e  h a s  been no e x p e r i e n c e  w i t h  
them i n  D j i b o u t i ,  and w e  were n o t  a b l e  t o  e v a l u a t e  them. 
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INTRODUCTION 

T h i s  r e p o r t  c o n s i s t s  o f  t w o  p a r t s .  P a r t  I i s  a Summary. P a r t  I1 q o e s  
i n t o  mre t e c h n i a l  d e t a i l s  a n d  i s  s u p p l e m e n t a r y  t o  t h e  r e f e r e n c e  
mater ia l  a n d  t o  P r o f .  P o u c h a n ' s  r e p o r t ,  A t t a chmen t  4 .  T h i s  p a r t  w i l l  
b e  mre m e a n i n g f u l  i f  t h e  r e a d e r  h a s  a l r e a d y  r e a d  R e f e r e n c e  1 and  
A t t a c h m e n t  4 .  

P a r t  I1 c o n t a i n s  t h e  f o l l o w i n g  s e c t i o n s :  

Dug Wells 

D r i l l e d  Wells 

Wate r  Q u a l i t y  

O t h e r  Poss ib i  l i t i e s  

D r i l l i n g  

Land T e n u r e  

PART I -- 

NARRATIVE 

T h e  p e r i o d  J a n u a r y  31 -Feb rua ry  6 w a s  s p e n t  i n  D j i b o u t i  i n  company w i t h  
P r o f .  P i e r r e  Pouchan o f  t h e  U n i v e r s i t y  o f  Bourdeaux,  a  h y d r o g e o l o g i s t ,  
who h a s  some 1 5  y e a r s  e x p e r i e n c e  i n  D j i b o u t i ,  Madison Broadnax  o f  
RhDSO and  Karl M a h l e r ,  A I D / D j i b o u t i ,  a l o n g  w i t h  r e p r e s e n t a t i v e s ,  
e n t i r e l y  F r e n c h  e x c e p t  f o r  o n e  S o m a l i ,  o f  t h e  D j i b o u t i  R e p u b l i c ' s  
A g r i c u l t u r a l  Depa r tmen t .  



Because of the  p o l i t i c a l  s i t u t a t i o n  between the  I s s a s  and Afars, cur 
f i e l d  v i s i t s  did not extend i n t o  a reas  north of the  Gu1.f of Tad-joura. 

P r inc ipa l  s i t e s  v i s i t e d  were P e t i t  Bara, (6), Grand Bara ( 5 1 ,  an,? 
Henle ( 2 ) ,  and Gobaad Plains (1) and i n  and around Djilmuti tcwn 
(Ambouli Basin) ( 7 ) .  These a r e  decribed by Broadnax e t  a1  (Ref 1) p. 
11-12 and by Pouchan, ( ~ t t a c h  1) p. 5-11. Numbers i n  parenthesis  
r e f e r  t o  t h e  map and descript ion i n  Ref. 1. Three other  qeneral  areas 
a r e  of i n t e r e s t  but were n o t  v i s i t e d .  These a r e  Aibole-Magale Wadi, 
Tadjoura a rea  ( 8 ) .  Saddai Wadi, Obock Area and Eoulma ( l o ) ,  and Weima 
Wadi, Bisidaurou Area (11). Based on water qua l i t y  inforvat ion and 
considering geology, ~ b o c k / ~ o u l m a  does not look very promi sing: and 
Ambouli i s  dedicated t o  water supply for  Djibouti  town. This reduces 
t h e  number of i n t e r e s t i ng  aquifers  for  d r i l l e d  wel l  development t o  
s i x .  W a t e r h a s n o t  ye t  b e e n p r o v e d a t  P e t i t  Bara, and s u p l i e s  t h e r e .  
and a t  Grand Bara cannot be very extensive. Thus the  need for  fu r the r  
groundwater s tud ies  fo r  d r i l l e d  well  suppl ies  seems t o  be focused 
p r e t t y  much i n  the  above areas  and the re  a r e  ex i s t ing  exploratory 
wells  which have been pump-tested i n  a l l  except P e t i t  Rara. Prof. 
Pouchan a l so  has considerable geophysical information based on 
r e s i s t i v i t y  measurement. There i s  an I n s t i t u t e  of Geology i n  Djibouti  
maintained by the  University of Bourdeaux. Geoloqical naps have been 
prepared on a  s ca l e  of 1:200,000. These a r e  being revised t o  a  sca le  
of 1:100,000 and desc r ip t ive  po r t fo l i o s  a r e  being prepared. 

Small gardens i r r i g a t e d  from dug wells  were a l s o  inspected i n  t he  
Hanle and Gabood Pla ins  areas  and near Djibouti .  These a r e  l i ~ i t e d  i n  
ex ten t .  Each well  may have from 0.1-0.5 hectare .  Some a r e  reascnably 
wel l  managed, but the  p o t e n t i a l  f o r  t h i s  type of developrent i s  
thought t o  be low because of s a l i n e  water underlyinq the  shallow 
groundwaters access ib le  t o  dug wells .  Nevertheless, these  could serve 
f o r  experimentation and t ra in ing .  

The Minister of Agriculture was v i s i t e d  twice. Once on our f i r s t  day, 
once on our l a s t .  

Discussion and Conclusions - 
There are  l imited groundwater resources t h a t  could support some 
cropping i n  Djibouti .  Sa l i n i t y  i s  a  problem but appears manageable. 
I t  w i l l  be a  l imi t ing  fac to r  i n  t h e  use of these  resources. 

There i s  evidence t h a t  there  a r e  some sa t i s f ac to ry  s o i l s  contiguous t o  
water supplies .  The extent  of s o i l  and water resources i s  unknown and 
indeed depends upon the  mode and technology used i n  developing them. 
Whether o r  not Djibouti  people could become in t e r e s t ed  i n  cropped 
ag r i cu l t u r e  i s  a l so  unknown a s  i s  whether o r  not t he  a c t i v i t y  would be 
economical. I t  i s  doubtful i f  these  questions can be answered except 
through t r i a l  i n  the  f i e l d .  

Modest t r a in ing  programs pointed toward farming, concurrent with 
l imi ted  new ag r i cu l t u r a l  developments could begin t o  t e s t  the  human 
i n t e r e s t ,  the  economics and cropping pat terns .  Concurrently t he  
explora t ion  of the more important s o i l  and water resources could 
proceed. There seems t o  be no overwhelming reason t o  make a  complete 



- 
assessment  of r e s o u r c e  p o t e n t i a l  immediately,  b u t  s o i l  r e conna i s s ance  
i n  t h e  most promis ing a r e a s  o f  wa te r  supply  p o t e n t i a l  shou ld  be  
checked o u t  b e f o r e  a  d e c i s i o n  i s  made t o  proceed.  

The i m p l i c a t i o n s  o f  t r i b a l  l and  t e n u r e  customs and t h e  D j i b o u t i  
Goverrnent's p o l i c i e s  i n  r e l a t i o n  t o  them needs t o  be  checked o u t  a l s o .  

Bes ides  i r r i g a t e d  a g r i c u l t u r e ,  l i v e s t o c k ,  which i s  a l r e a d y  
e s t a b l i s h e d ,  i s  impor t an t ,  and t h e r e  a r e  p o s s i b i l i t i e s  f o r  r uno f f  
farming and wa t e r  h a r v e s t i n g  t h a t  might  be  looked a t .  I f  t h e  U.  S. 
g e t s  invo lved ,  t h e  v e n t u r e  shou ld  b e  t e s t e d  i n t e r m i t t e n t l y ,  w i t h  a  
commitment t o  withdraw i f  t h i n g s  d o  no t  work o u t .  

One i s s u e  t h a t  shou ld  b e  s e t t l e d  e a r l y  i s  whether o r  no t  t h e r e  i s  
wa t e r  a t  P e t i t  Bara. T h i s  means extending t h e  p r e s e n t  b o r i n g  
d i s c o n t i n u e d  a t  d e p t h  144 meters a n o t h e r  50 o r  60 meters .  

The government ve ry  much d e s i r e s  t h e  U.  S. t o  p rov ide  them w i t h  a  
w e l l - d r i l l i n g  r i g .  T h i s  shou ld  b e  c o n t i n g e n t  on  agreement t o  a  
r a t i o n a l  program based on t h e  known h y d r o g e o l q y  and most promis ing 
a g r i c u l t u r a l  a r e a s ,  and upon a  p l a n  f o r  adequa te  t r a i n i n g  and 
management o f  a  d r i l l i n g  program w i t h  the p o t e n t i a l  f o r  evo lv ing  a  
g e n e r a l  hydrograph ic  and wate r  development c a p a c i t y .  

A l l  t o l d ,  deve lop ing  a g r i c u l t u r e  i n  D j i b o u t i  looks  l i k e  a h igh  r i s k ,  
expens ive  and slow a c t i v i t y .  I t  w i l l  no t  i nvo lve  a  l a r g e  segment o f  
t h e  popu l a t i on  nor  have a  major  impact  on  t h e  economy. On t h e  o t h e r  
hand,  i t  i s  p robab ly  t h e  most a t t r a c t i v e  development o p p o r t u n i t y  t h e r e  
and even i t  w i l l  s t r a i n  t h e  c a p a c i t y  of  t h e  evo lv ing  D j i b o u t i  
Government. .- 

PART I1 - MORE DETAILED COMMENTS - - - -  
Dug Wells  and Gardens 

A l l  o f  t h e  i r r i g a t e d  a g r i c u l t u r e  I saw, excep t  w i t h i n  D j i b o u t i  town 
where ga rdens  may r e c e i v e  some munic ipa l  water  from d r i l l e d  w e l l s ,  was 
i r r i g a t e d  using dug w e l l s .  These w e r e  inspec ted  a t  t h e  fo l l owing  
l o c a t i o n s :  Taeou and C h e i k i l e  Wadi i n  and t r i b u t a r y  t o  t h e  Hanle 
P l a i n ,  a s  Eyla  i n  t h e  Gabood Va l l ey  and Atar  and Ambouli Wadis n e a r  
and i n  D j i b o u t i  Town. S i m i l a r  ga rdens  e x i s t  a t  o t h e r  s i t e s  where 
wa t e r  t a b l e s  a r e  w i t h i n  3  o r  4  meters. 

W e l l s  a r e  3-4 meters i n  d i ame te r  and 4-6 meters  deep. They appea r  t o  
i r r i g a t e  from 0 . 1  t o  0 . 5  h a  each and probably  can produce o n l y  2 5  t o  
50 c u b i c  meters p e r  day o r  l e s s .  (1 c u b i c  meter p e r  day w i l l  i r r i g a t e  
abou t  0 .01 h e c t a r e . )  

Usua l l y  t h e  water  i s  pumped us ing  a  c e n t r i f u g a l  pump d r i v e n  by a  smal l  
i n t e r n a l  combustion eng ine  b u t  human o r  animal-powered l i f t s  l i k e  
b u c k e t s  on  e n d l e s s  c h a i n s  a r e  a l s o  used.  



I d o  n o t  have  i n f o r m t i o n  a b o u t  how many such g a r d e n s  t h e r e  a r e ,  b u t  
t h e  t o t a l  i n  s o u t h e r n  D j i b o u t i  i s  p robab ly  numbered i n  dozens r a t h e r  
t h a n  hundreds .  So t h i s  a g r i c u l t u r e  is  n o t  e x t e n s i v e .  I t  might  be 
u s e f u l  t o  make a n  i n v e n t o r y  of  t h e  number o f  w e l l s  i n  t h e  c o u n t r y  
u s i n g  remote  s e n s i n g  imagery.  

Crops  i n c l u d e  l e a f y  v e g e t a b l e s ,  tomatoes ,  maize, sorghum, melon, 
d a t e s ,  and  mangos. Crop q u a l i t y  i s  v a r i a b l e  from m a r g i n a l  t o  good. 

Shal low groundwate r s  i n  t h e  Hendle and Gobaad P l a i n s  o v e r l y  s a l i n e  
water r e s i d u a l  from ~ l i e s t o c e n e / ~ o l o c e n e  l a k e s .  The upper  s u r f  ace ,  
which i s  r e p l e n i s h e d  by r a i n f a l l  is  r e l a t i v e l y  f r e s h ;  b u t  t h e  dug 
w e l l s ,  w e r e  r e p o r t e d  by Pouchan t o  become s a l t y  i f  t h e y  a r e  pumped - 
v e r y  h e a v i l y  -- o r  i f  d r o u g h t  p r e v a i l s .  A s i m i l a r  h a z a r d  b u t  under  
d i f f e r e n t  c i r c u m s t a n c e s  e x i s t s  i n  t h e  g a r d e n s  n e a r  D j i b o u t i ,  which are 
l o c a t e d  i n  t h e  r e s i d u a l  s o i l s  o v e r l y i n g  t h e  c o r a l  c o n g l o m e r a t e s  a l o n g  
t h e  c o a s t .  Here t h e  cong lomera tes  have  n o t  been  l e a c h e d  s o  t h a t  
i n c r e a s i n g  s a l i n i t y  i s  a s s o c i a t e d  w i t h  o v e r d r a f t s  and  d r o u g h t s .  Dug 
w e l l s  are l o c a t e d  n e a r  wad i s  where t h e  groundwater  i s  f r e s h e r .  

The A g r i c u l t u r a l  Department  i s  g i v i n g  i t s  a t t e n t i o n  t o  g a r d e n s  
i r r i g a t e d  by dug w e l l s ,  b u t  it does  n o t  seem t h a t  t h e r e  i s  a l a r q e  
p o t e n t i a l  f o r  expanding t h i s  k i n d  of  a g r i c u l t u r e  though t h e r e  may be 
some. Gardens i r r i g a t e d  by dug w e l l s  c o u l d  be u s e f u l  f o r  t r a i n i n g  and 
a d a p t i v e  e x p e r i m e n t a t i o n ,  however, and t h i s  i s  a n t i c i a p t e d  i n  t h e  
program proposed  by t h e  P ID .  

O t h e r  P o s s i b i l i t i e s  

A. f a i r l y  s u b s t a n t i a l  s t a n d  o f  p h r e a t o p h y t i c  s h r u b s  o c c u r s  i n  t h e  Hen le  
a n d  Gobaad b a s i n s .  These  a p p a r e n t l y  t a p  t h e  upper ,  f r e s h e r  waters of  
t h e  a q u i f e r s .  I t  might  be p o s s i b l e  t o  r e p l a c e  some o f  t h e s e  w i t h  more 
economic c r o p s .  For  example, cou ld  a l f a l f a  be m a i n t a i n e d  by t h e  water 
t ab le  i f  it c o u l d  be s t a r t e d  u s i n g  i r r i g a t i o n ?  T h i s  c o u l d  be checked 
o u t  on some of t h e  g a r d e n s  n e a r  Teaou o r  E s  Eyla .  T h i s  s u g g e s t i o n  
needs  t o  be checked w i t h  a c r o p s  s p e c i a l i s t .  T h e r e  may be more 
p r o m i s i n g  c r o p s .  

Forage crops might have a s p e c i a l  appeal because o f  t h e  nomadic 
l i v e s t o c k  a c t i v i t i e s  i n  t h e  c o u n t r y .  T h i s  i s  something  t h e  P r o j e c t  
Paper  team may w i s h  t o  look i n t o .  

O t h e r  i n t e r e s t i n g  p o t e n t i a l s  a r e  r u n o f f  f a rming  and w a t e r  h a r v e s t i n g .  
Runoff f a rming  h a s  been s u c c e s s f u l  i n  a r e a s  h a v i n g  a s  l i t t l e  a s  100 mm 
a n n u a l  r a i n f a l l .  The r a i n w a t e r  from a  l a r g e r  ca tchment  i s  
c o n c e n t r a t e d  on a  c u l t i v a t e d  f i e l d  t o  produce  a c rop .  R a i n f a l l  
h a r v e s t i n g  s t o r e s  r u n o f f  w a t e r  from ca tchment  a r e a s  i n  t a n k s  o r  
r e s e r v o i r s  f o r  s t o c k  w a t e r i n g  o r  o t h e r  purposes .  T h e  r e d  s o i l s  and 

' t opography  between D j i b o u t i  and A r t a  a p p e a r  f a v o r a b l e  f o r  r u n o f f  
f a rming .  T h i s  might  be c o m p e t i t i v e  f o r  r u n o f f  now r e p l e n i s h i n g  
D j i b o u t i ' s  a q u i f e r ,  b u t  l i m i t e d  a c t i v i t y  would p robab ly  n o t  be 
s e r i o u s .  



T h e r e  l i k e l y  a r e  many p o t e n t i a l  s i t e s  f o r  r u n o f f  f a r m i n g  and t h i s  
seems l i k e  a  p o s s i b i l i t y  d e s e r v i n g  e x p e r i m e n t a t i o n .  R a i n f a l l  
h a r v e s t i n g  s h o u l d  be c o n s i d e r e d  f o r  l i v e s t o c k  s u p p l i e s .  T h i s  would be 
more economica l  t h a n  d r i l l i n g  w e l l s  i n  many p a r t s  o f  t h e  c o u n t r y .  
( S e e  "More Water  f o r  A r i d  Lands"  N a t i o n a l  Academy o f  S c i e n c e s  c h a p t e r s  
1 and 2 f o r  d e t a i l e d  i n f o r m a t i o n  o n  r a i n f a l l  h a r v e s t i n g  and r u n o f f  
f a r m i n g .  ) 
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CLIMATE 

The c l i m a t e  i s  of  a r i d  t y p e .  I n  D j i b o u t i ,  t h e  average  a i r  t e m p e r a t u r e  
i s  29.7 Deg. C .  R a i n f a l l  i s  v e r y  i r r e g u l a r ,  and maximum con t inuous  
r a i n f a l l  i s  n o t  more t h a n  s i x  days .  Dry p e r i o d s  can e x i s t  of more 
t h a n  s i x  c o n s e c u t i v e  months. 

I n  D j i b o u t i  a i r p o r t  ( Z  = + 8 m )  ave rage  r a i n f a l l  on 20 y e a r s  is  151 mm 
and 210 mm i n  A r t a  ( Z  = + 700m). 

I n  w i n t e r  t i m e ,  e a s t  winds a r e  dominant and c o l d  f r o n t s  descend a l o n g  
t h e  Red Sea.  E x c e p t i o n a l l y ,  h u r r i c a n e s  and t r o p i c a l  d e p r e s s i o n s  
coming from I n d i a n  Ocean a r r i v e  i n  Tad joura  Gulf .  Winter  r a i n s  a r e  
g e n e r a l l y  l o c a t e d  a t  t h e  e a s t  of a  l i n e  p a s s i n g  from A l i  Sab ieh  t o  
A s  sa-Gayla. 

I n  t h e  summer t i m e ,  s torms produce  r a i n  a l o n g  wes te rn  margins of t h e  
Repub l i c .  

METEOROLOGICAL RECORDS 

R a i n f a l l  and t e m p e r a t u r e  were  recorded  i n  D j i b o u t i  town s i n c e  more 
than 50 years.  Later i n  the  a i r p o r t ,  a  meteorological s t a t i o n  gives 
comple te  i n f o r m a t i o n  s i n c e  more t h a n  twenty  y e a r s .  

Second o r d e r  s t a t i o n s  were c r e a t e d  i n  some o t h e r  p l a c e s  i n  t h e  c o u n t r y  
by N a t i o n a l  Meteorology S e r v i c e .  The P lan  i s  given i n  Annex. 
D u r a t i o n  of r e c o r d s  i s  v a r i a b l e ,  and t h e r e  a r e  gaps f o r  some s t a t i o n s .  

The m e t e o r o l o g i c a l  n e t  seems i n  f a c t  good b u t  t h e  r e c o r d s  a r e  n o t  
a lways  r e p r e s e n t a t i v e  due t o  numerous e f f e c t s  of r e l i e f .  Data i s  i n  
Annex. 

Eva o r a t i o n  i s  c o n t i n u o u s l y  recorded  i n  D j i b o u t i  a i r p o r t  u s i n g  
*nks and o t h e r  k i n d s  of evaporometers .  Average e v a p o r a t i o n  
r a t e  i s  i n  o r d e r  of  0 .8  cm/day. 

Shor t - t ime  e v a p o r a t i o n  measurements were made i n  some o t h e r  p l a c e s .  



They show r a t e s  from 0 .8  cm/day t o  1 .5  cm/day i n  l a k e  A s s a l  a r e a  ( 2  = 
156 m )  which i s  c o n s i d e r e d  a s  t h e  h o t e s t  p o i n t  of  t h e  c o u n t r y .  A t  
t h i s  p l a c e ,  maximum day t e m p e r a t u r e s  were measured up t o  400 C .  

Wind i s  common i n  t h e  Republ ic .  Cont inuous  measurements are  made a t  
t h e  a i r p o r t  s t a t i o n  and a t  scme l o c a l i t i e s  a s  A l i  ~ a b i e h  and D i k h i l .  
Main winds a r e  coming from E / S . E .  i n  w i n t e r  t i m e  and from N . W .  i n  
summer t i m e .  The l a s t  wind commonly c a l l e d  "Khamsing" i n  t h e  coun t ry  
i s  c o n t i n u a l .  I t  i s  d r y  and h o t  w i t h  d u s t  a f f e c t i n g  t h e  v i s i b i l i t y .  

A i r  - h u m i d i t y  i s  a l s o  r e c o r d e d  i n  D j i b o u t i  s t a t i o n .  I n  f a c t ,  it seems 
humid i ty  i s  h i g h  i n  autumn e s p e c i a l l y  i n  D j i b o u t i  and c o a s t a l  a r e a s .  
I n l a n d ,  humid i ty  d e c r e a s e d  w i t h  a l t i t u d e  and d i s t a n c e  of t h e  s e a .  

GENERAL HYDROLOGY 

T h e r e  i s  no p e r e n n i a l  s t r e a m  i n  t h e  Repub l i c  o f  D j i b o u t i .  A l l  t h e  
r i v e r s  a r e  "Wadi." Def in ing  t h e  impor tance  of  a  Wadi a s  r e l a t e d  t o  
i t s  d r a i n a g e  b a s i n ,  w e  can i n f e r  t h e r e  a r e  s i x  i m p o r t a n t  wadis  i n  t h e  
t o t a l  area of  t h e  Republ ic .  According t o  t h e  t e c t o n i c  scheme, some of  
them are  f lowing  i n t o  o r  t o  c l o s e d  b a s i n s  ( e n d o r e i c  s y s t e m s ) .  The 
o t h e r s  run  t o  t h e  s e a  (open s y s t e m s ) .  

- Open sys tems:  

- Arnbouli wadi - D j i b o u t i  a r e a  
- Alboli-Magale wadi - Tadjoura  a r e a  
- Sadda i  wadi - Obock a r e a  
- Weima wadi - B i s i d i r o u  area 

- Endore ic  systems:  

- Hanle ( o r  Henleh)  wadi - D i k h i l  a r e a  
- Gobaad wadi - A s  Eyla  a r e a  

Lakes 

There  are  two main l a k e s .  F i r s t  one  i s  Lake A s s a l .  Lake w a t e r  i s  a  
sodium c h l o r i d e  b r i n e  a t  -156m below t h e  s e a  l e v e l .  By e v a p o r a t i o n ,  
t h e  b r i n e  g e n e r t e s  h a l i t e  a s  a  w h i t e  f l a t  bank, i n  t h e  N .  W .  c o r n e r  of 
t h e  d e p r e s s i o n .  The h a l i t e  bank i s  s u b - h o r i z o n t a l  a t  some t e n t h  
c e n t i m e t e r s  above wa te r .  H a l i t e  bank i s  f e d  by over f lowing  b r i n e  of 
t h e  l a k e ,  i n  a  very  i r r e g u l a r  manner. I n s i d e  t h e  l a k e ,  w e  can o b s e r v e  
gypsum c r y s t a l s  banks. 

The b a l a n c e  of t h e  l a k e  is  s u p p l i e d  by i n f l o w i n g  underground s e a  w a t e r  
coming from Gubbet-Al-Kharab through f a u l t s  and f r a c t u r e s  which a f f e c t  
i n t e n s i v e l y  t h i s  v o l c a n i c  a r e a .  S u r f a c e  of  open l a k e  i s  approx imate ly  
50  Km2, s u r f a c e  of  h a l i t e  i s  60 Km2. 

Second l a k e  is  -- Lake Abbe. Lake w a t e r  i s  sodium c a r b o n a t e  and c h l o r i d e  
b r i n e  a t  234m above s e a  l e v e l .  Lake Abbe i s  t h e  e v a p o r a t i v e  t e r m i n u s  
o f  Awash r i v e r  coming from h i g h l a n d s  of  E t h i o p i a  and Gobaad Wadi 
coming a l s o  from E t h i o p i a n  m u n t a i n s .  The l a s t  c o u r s e  of Gobaad Wadi 
occurs i n  Gobaad P l a i n .  



PALEOHYDROLOGY 

These  t w o  l a r g e  l a k e s  a r e  i n  f a c t  t h e  re l ics  o f  a l a r g e  l a k e  s y s t e m ,  
w e l l - d e v e l o p e a  i n  a l l  t h e  c l o s e d  b a s i n s  o f  t h e  s o u t h e r n  f r o n t  o f  t h e  
c o u n t r y ,  d u r i n g  the  h o l o c e n e  t i m e ,  w i t h  a  pa raxysmic  p h a s e  a t  8 ,000-  
9 , 0 0 0  y e a r s  B.P. a s  shown by C.14 d a t a t i o n s  on  m o l l u s c s  s h e l l s .  A t  
t h i s  t i m e ,  it i s  i n f e r r e d  a  h i g h  ~ a i n f a l l / ~ v a p o r a t i o n  r a t i o  and w e  can  
o b s e r v e  o l d  l a k e s  e x t e n s i o n s  i n  s e v e r a l  d e p r e s s i o n s :  

O l d  Lake L e v e l s :  + 400 m i n  Gobaad ( ~ a k e  ~ b b e )  
+ 300 m i n  H a n l e  P l a i n  
+ 150 m i n  
+ 150  m i n  A s s a l  d e p r e s s i o n  

C l i m a t i c  i n v e r s i o n  seems to b e g i n  a b o u t  4 ,000  y e a r s  B.P. t e n d i n g  t o  
lower  t he  ~ a i n f a l l / ~ v a p o r a t i o n  r a t i o  a n d  t o  lower  p r o g r e s s i v e l y  l a k e  
l e v e l s  w i t h  i n c r e a s i n g  s a l i n i t y  of the  w a t e r s  by e v a p o r a t i o n .  P r e s e n t  
a s p e c t  c o r r e s p o n d  g e n e r a l l y  t o  p l a y a  sys t ems  i n  c l o s e d  b a s i n s  w i t h  
c o r r e s p o n d i n g  p a r a g e n e s i s  and  s a l i n i t y  g r a d i e n t s  i n  t h e  so i l s .  I n  a  
s u c h  way, s a l i n i t y  i s  i n c r e a s i n g  from t h e  b o r d e r  t o  t h e  lower p o i n t  o f  
t h e  p l a y a .  T h i s  scheme i s  e v i d e n t  i n  Gobaad and Han le  P l a i n s .  I n  
f a c t ,  t h i s  g e n e r a l  r u l e  i s  d i s t u r b e d  by l e a c h i n g  a n d  s p r e a d i n g  e f f e c t  
r e l a t e d  t o  t h e  wadi f lows .  I t  h a s  some i m p o r t a n t  consequences  i n  
Hydrogeology and  Pedology . 
RUN-OFF 

The a n a l y s i s  of  t h e  d r a i n a g e  n e t  s h m s  t h a t  t h e  whole  sys t em i s  n o t  i n  
e q u i l i b r i u m  w i t h  p r e s e n t  a r i d  c o n d i t i n s  b u t  w i t h  t h e  a n c i e n t  
( h o l o c e n e )  c o n d i t i o n s .  T h i s  a d a p t a t i o n  t o  h i g h  a n c i e n t  r a i n f a l l  
i n t e n s i t i e s  i s  i m p o r t a n t  i n  t h e  s t u d y  of  run - f f  hydrographs  which show 
g e n e r a l l y  h i g h  peak d i s c h a r g e  w i t h  s h o r t  d u r a t i o n  o f  f low,  h i g h  s o l i d  
t r a n s p o r t a t i o n ,  and run -o f f  c o e f f i c i e n t s  f o r  such  a  c o u n t r y .  

Some a v a i l a b l e  run -o f f  measurements  made i n  Ambouli b a s i n  t e n d  t o  
c o n f i r m  t h i s  g e n e r a l  view (see d e t a i l e d  h y d r o l o g y )  

DETAILED HYDROLOGY 

Measurements  i n  s u r f a c e  h y d r o l o g y  have  been  made o n l y  i n  Ambouli 
b a s i n .  D i f f i c u l t i e s  a p p e a r e d  i n  g e t t i n g  o b s e r v e r s  a n d / o r  a u t o m a t i c  
r e c o r d s  f o r  n o n - p e r e n n i a l  streams measurements  i n  other main bas i n s .  

SPECIFIC RECOMMENDATIONS 

Hydrology 

S u r f a c e  hydro logy  measurements  are t o  be developed  i n  p l a c e s .  
P e r h a p s  H a n l e - C h e i k o i t t i  Wadi f l o o d s  and  Gobaad f l o o d s  c o u l d  be used  
a t  t i m e .  

1. Gauging p l a c e s  must  be chosen  on t h e  stream c o u r s e s  and 
q u i c k y  equ ipped .  



2 .  N e c e s s a r y  e q u i p m e n t  m u s t  be q u i t e  c o n v e n i e n t  f o r  d e s e r t  
m e a s u r e m e n t s .  

I t  w o u l d  be i n t e r e s t i n g  t o  f i n d  a  c o m p r o m i s e  b e t w e e n  bes t  theoretical 
place fo r  m e a s u r e s  a n d  p o s s i b i l i t y  i n  q e t t i n g  o b s e r v e r s  ( v i l l a g e s  o r  
m i l i t a r y  p o s t s ) .  F o r  H a n l e  Wadi, G o u r a b o u s  w o u l d b e  s u c h  a  p l a c e .  A 
s h o r t  s u r v e y  o n  t h e  Wadi b e d  c a n  r e v e a l  a n  a v a i l a b l e  cross s e c t i o n .  

E q u i p m e n t  mut be s i m p l e :  sca le  o f  h e i g h t s  on w a d i  w a l l .  V e l o c i t y  
m e a s u r e m e n t s  a r e  more d i f f i c u l t  a n d  t h e  simplest way i s  t o  u s e  
f l o a t e r s ,  l i k e  f l u o r e s c e n t  p a i n t e d  bo t t l e s  f o r  n i q h t  o b s e r v a t i o n s .  

T r a i n i n g  of o b s e r v e r s  i s  n e c e s s a r y  i n  some o f f i c e  i n  D j i b o u t i  
(C.E.G.D. ) ( T e a l  I n s t i t u t e )  

3 .  Good places f o r  Gobaad  w a d i  m e a s u r e m e n t s  a r e  n o t  f r e q u e n t .  They  
w i l l  be f o u n d  i n  t h e  u p p e r  c o u r s e  u p  t o s a b a l l o u .  S o  it w i l l  be a  
problem f o r  o b s e r v e r s .  W e  h a v e  t o  f i n d  a s o l u t i u o n .  

4. A c c u r a t e  h y d r o c l i m a t i c  s t a t i o n s  m u s t  be i n s t a l l e d  i n :  

- Mouloud Area 
- Gobaad Area 
- G o u r a b o u s  Area 

T h i s  i s  n o t  a r e s t r i c t i v e  l i s t .  

A r e  t o  be m e a s u r e d :  

- E v a p o r a t i o n  b y  t a n k s  
- R a ' i n f a l l  
- T e m p e r a t u r e  
- Wind a n d  H u m i d i t y  

I n s t a l l a t i o n s  a n d  m e a s u r e m e n t s  a r e  t o  be i n  p l a c e  a s  s o o n  a s  p o s s i b l e .  

Ground  Water H y d r o l o g y  

Ground  w a t e r  s t u d i e s  m u s t  be made e s p e c i a l l y  i n :  

- G r a n d  B a r a  
- Gobaad P l a i n  
- H a n l e  P l a i n  

P l a n s  m u s t  be made i n  g e o p h y s i c a l  p r o s p e c t i n g  ( r e s i s t i v i t y )  t o  
complete e x i s t i n g  d a t a .  

I n  s e c o n d  t i m e ,  e x p l o r a t i o n  w e l l s  m u s t  be d r i l l e d  a n d  pumping t e s t s  
made w i t h  water a n a l y s i s .  

Scheme c o n c e r n i n g  a q u i f e r  b o u n d a r i e s ,  t r a n s m i s s i v i  t i e s ,  s t o r a g e ,  w a t e r  
t a b l e  c o n t o u r s ,  r e l a t i o n s  w i t h  s u r f a c e  w a t e r  m u s t  be t h e  f i n a l  p u r p o s e  
i n  s u b - s u r f a c e  g r o u n d  w a t e r  i n v e s t i g a t i o n s .  



I f  p o s s i b l e ,  deep  e x p l o r a t i o n  i s  t o  be t r i e d  by two or t h r e e  d r i l l s  
i n :  

- Grand Bara  Area 
- Gobaad Area  

O b j e c t i v e  c o u l d  b e  s e d i m e n t a r y  r e s e r v o i r s  p r o b a b l y  l y i n g  a t  d e p t h .  

On - D r i l l i n g  

P r e s e n t  r i g s  a r e  q u i t e  i n s u f f i c i e n t  f o r  d e t e r m i n i n g  ground and  P . E . R .  
w i l l  p r o v i d e  a n  a v a i l a b l e  equipment  i n  some a r e a s ,  or  recommended t o  
t h e  P  .E .  B .  s p e c i a l i s t  some r a i n  c h a r a c t e r i s t i c s :  

- Rota ry  and  h a m m e r d r i l l  c a p a c i t o r s  

- P o s s i b i l i t y  d r i l l i n g  0 1 2 " 1 / 4  u n t i l  400 m and  5 "  u n t i l  
1 , 0 0 0  m .  

- E d u c a t i o n  a n d  t r a i n i n g  o f  a  c o u p l e  o f  young d r i l l e r s ,  
n o t  o n l y  i n  d r i l l i n g  t e c h n i q u e s  b u t  a l s o  i n  manage- 
ment and  ma in t enance .  -- 

GENERAL RECOMMENDATINS 

We k e e p  i n  mind t h e r e  i s  a n  immed ia t e  n e c e s s i t y  t o  b e g i n  s o m e  
a g r i c u l t u r a l  e x p e r i m e n t a t i o n .  The a l o n e  p o s s i b i l i t y  i s  t o  u s e  a t  
f i r s t  g round  w a t e r .  I n  t h i s  way, f i r s t  a g r i c u l t u r a l  s o i l s  must  be 
c h o s e n  t a k i n g  a c c o u n t  of  w a t e r  q u a l i t y  and  n o t  r e v e r s e .  W e  a r e  n o t  i n  
f a v o r  i n  autonom g a r d e n  sys t em w i t h  o n e  w e l l  f o r  e a c h  a g r i c u l t u r e r .  
Water s u p p l y  sys t em must be c o l l e c t i v e  a n d  managed by a u t h o r i t y .  

S u r f a c e s  must  be a d a p t e d  t o  d i s c h a r g e  and  c l i m a t e  
a n d  n o t  r e v e r s e .  

Dur ing  t h i s  e x p e r i m e n t a l  time, w e  c a n  hope  f o r  a  
b e t t e r  p r o g r e s s i v e  knowledge o f  s u r f a c e  f l ow and  
whole  ground w a t e r .  

A t  t h i s  t i m e ,  deve lopment  e x t e n s i o n  c o u l d  be e n v i s a g e d  . . . I n c h  ' A l l a h  

Good p l a c e s  o f  f i r s t  e x p e r i m e n t a t i o n  a r e  i n  o u r  
a d v i c e  

A t a r  zone:  some h e c t a r e s  i r r i g a t e d  by approp-  
r i a t e d  b o r e - h o l e s .  T h i s  c l e a r  f o r  e d u c a t i o n  and /o r  
d e m o n s t r a t i o n .  I n t e n s i v e  deve lopment  i s  s u p p l y .  

Grand Bara  marg ins :  some w e l l s  s i x t y  t o  e i g h t y  
m e t e r s  deep .  

Hanle  b a s i n :  s p e c i a l l y  be tween  L i l l y  Ya B o u r r i  
a n d  C h e i k e i t t i .  



Gobaad:  u s i n g  g r o u n d  w a t e r  f r o m  S a b b a l o u  z o n e .  

P e t i t  B a r a  h a s  t o  p r o o f  g r o u n d  w a t e r  poss ib i l i t ies .  

D j i b o u t i ,  F e b r u a r y  6 ,  1 9 7 8  

P i e r r e  P o u c h a n  



APPENDIX A-3 

Report o n  the V i s i t  t o  D j i b o u t i  - 
Raymond H. Tremblay ,  A g r i c u l t u r a l  Economis t  

March 3 ,  1978  

C o n c l u s i o n s  

T h e r e  a r e  s e v e r a l  a l t e r n a t i v e s  f o r  USAID p r o j e c t s  i n  D j i b o u t i .  
One s h o u l d  c o n s i d e r  the g r e a t e s t  economic b e n e f i t  f o r  the l e a s t  cost .  
T h r e e  a l t e r n a t i v e s  which  c a n  be c o n s i d e r e d  are:  

1. Have n o  p r o j e c t  and  d o  n o t h i n g  

2 .  S u p p o r t  a  laboratory for  a  w a t e r  and  s o i l  s u r v e y  

3 .  Develop  a f u l l - s c a l e  a g r i c u l t u r a l  p r o j e c t .  T h i s  would 
i n c l u d e  d e m o n s t r a t i o n  f a rms ,  a n  a g r i c u l t u r a l  
p e r i m e t e r ,  a g r i c u l t u r a l  e x t e n s i o n  a g t e n t s ,  m a r k e t i n g ,  
c r e d i t ,  a n d  needed  s u p p o r t  f o r  a v i a b l e  a g r i c u l t u r e .  

The f i r s t  a l t e r n a t i v e  i s  r e j e c t e d  as  there a p p e a r s  t o  be 
p o t e n t i a l  f o r  a g r i c u l t u r a l  deve lopmen t .  T h e r e  e x i s t s  a number o f  
s m a l l  g a r d e n s  i n  v a r i o u s  p a r t s  o f  t h e  c o u n t r y .  C u r r e n t l y  t h r e e  
p e r c e n t  ( 3 % )  o f  t h e  f o o d  r e q u i r e m e n t s  i s  b e i n g  p roduced  w i t h i n  t h e  
c o u n t r y .  The major c r o p s  grown i n c l u d e  t o m a t o e s ,  melons ,  c a n t e l o u p e s ,  
e g g  p l a n t s ,  and  a v a r i e t y  o f  o t h e r  v e g e t a b l e s .  Food p r i c e s  a r e  
e x t r e m e l y  h i g h .  T h e r e  i s  a t r emendous  amount o f  unemployment and  
underemployment .  There i s  n o  i n d u s t r y  other t h a n  a few s e r v i c e -  
o r i e n t e d  b u s i n e s s e s .  P r a c t i c a l l y  no  g r a i n  i s  grown so n e a r l y  t h e  
e n t i r e  amount consumed i s  i m p o r t e d .  The l i v e s t o c k  i n d u s t r y  i s  c a r r i e d  
o n  by  nomads. The e s t i m a t e d  600 ,000  g o a t s  and  s h e e p  p r o v i d e  m i l k  f o r  
t h e  nomads and a l i t t l e  meat. O t h e r  l i v e s t o c k  i n c l u d e  a p p r o x i m a t e l y  
20 ,000  camels and  n e a r l y  a s  many c a t t l e  o f  t h e  zebu b r e e d .  However, 
i m p o r t s  of l i v e  a n i m a l s  a r e  a t  l ea s t  th ree  t i m e s  t h e  n u m b e r  of 
d o m e s t i c a l l y  grown o n e s .  I n  a d d i t i o n ,  t h e r e  i s  a  l a r g e  amount of  
i m p o r t e d  p r e p a r e d  meats. 

I t  i s  o b v i o u s  t h a t  t h i s  c o u n t r y  o f  250 ,000  i n h a b i t a n t s  n e e d s  
h e l p .  T h i s  i s  a n  undeve loped  c o u n t r y  and j u s t  g i v i n g  them food  and  
money i s  n o t  t h e  recommended way t o  h e l p  them g e t  s t a r t e d .  I t  w a s  
e s t i m a t e d  by the  " C a i s s e  C e n t r a l e  d e  C o o p e r a t i o n  Economique" t h a t  o n e  
h a l f  o f  t h e  GDP i s  e a r n e d  by the  1 0 , 0 0 0  E u r o p e a n s  and  t h e  o t b e r  h a l f  
by  t h e  p e o p l e  o f  the  c o u n t r y .  On a p e r  c a p i t a  b a s i s ,  t h i s  would b e  
less t h a n  100 f o r  m o s t  o f  the  p e o p l e .  O b v i o u s l y ,  t h e y  d o  n o t  h a v e  t h e  
r e s o u r c e s ,  w i t h  few e x c e p t i o n s ,  t o  g e t  s t a r t e d  i n  f a r m i n g  and c r e d i t  
t o  t h e m  is n o t  a v a i l a b l e .  



A l t e r n a t i v e  t h r e e  i s  premature .  Before  a g r i c u l t u r e  i s  
developed t o  any g r e a t  e x t e n t ,  w a t e r  must be a v a i l a b l e .  The s o i l  
q u a l i t y  mut a l s o  b e  known. Very l i t t l e  i s  known of  t h e  chemical  
q u a l i t i e s  of  t h e  s o i l ,  d r a i n a g e ,  f e r t i l i t y  and i f  it can b e  used 
p r o f i t a b l y  f o r  a g r i c u l t u r e .  I t  would appear  t h a t  i n  most a r e a s  t h e  
s o i l  q u a l i t y  c o u l d  be  improved f o r  a g r i c u l t u r a l  purposes  i f  t h e  w a t e r  
a v a i l a b l e  was of r e a s o n a b l y  s a t i s f a c t o r y  chemical  q u a l i t y .  There  i s  
one  s a l t  d e p o s i t .  S a l i n i t y  h a s  been r e p o r t e d  i n  some sha l low w e l l s .  
The s a l t  c o n t e n t ,  i f  any,  i n  t h e  s o i l  of v a r i o u s  a r e a s  i s  now known. 

I n  o t h e r  words, it would a p p e a r  t h a t  t h e  t h i r d  a l t e r n a t i v e  
might  b e  premature .  The most p romis ing  a r e a s  of w a t e r  supp ly  must be 
determined and t h e  g e n e r a l  c a p a c i t y  o f  s o i l  r e s o u r c e s  f o r  a g r i c u l t u r e  
and t h e i r  g e o g r a p h i c  l o c a t i o n  must b e  de termined.  Much of t h e  l i t t l e  
a g r i c u l t u r e  c u r r e n t l y  found i s  government-owned and main ta ined .  The 
t e r r a i n  i s  h i l l y  w i t h  some mountains and much f a u l t i n g  e s p e c i a l l y  i n  
t h e  nor thwes t .  There  i s  a  s u b s t a n t i a l  number of r e f u g e e s  from t h e  
Ogaden war. The number a t  p r e s e n t  i s  approximate ly  25,000 and 
i n c r e a s i n g  g r a d u a l l y .  A few of t h e s e  r e f u g e e s  do have an  a g r i c u l t u r a l  
t r a d i t i o n  even though it i s  i n  a  more humid r e g i o n .  The c o n t i n u i n g  
war i n  E t h i o p i a  h a s  d i s r u p t e d  r a i l  s e r v i c e  and food d e l i v e r i e s  i n t o  
D j i b o u t i .  

A l t e r n a t i v e  two i s  h i g h  endorsed .  I t s  c o s t - e f f e c t i v e n e s s  i s  
very  h igh .  I t  i s  t h e  l o g i c a l  s t e p  t o  fo l low i n  development.  I n s t e a d  
o f  going f u l l  f l i g h t  i n t o  a g r i c u l t u r a l  developvent  i n  an a r e a  where 
l i t t l e  knowledge e x i s t s ,  t h e  needed knowledge w i l l  be o b t a i n e d .  
P e r s o n n e l  of  t h e  c o u n t r y  w i l l  b e  t r a i n e d  t o  t a k e  o v e r  and c a r r y  on. 
I n  a l t e r n a t i v e  two t h e  e x i s t i n g  l a b o r a t o r y ,  which i s  i n  t h e  p r o c e s s  of 
f u r t h e r  b e i n g  developed,  w i l l  b e  suppor ted .  T h i s  i s  i m p e r a t i v e  a s  
c o n j u n c t i v e  s o i l  and w a t e r  s u r v e y s  a r e  bad ly  needed. A s y s t e m a t i c  
o r g a n i z a t i o n  and some s o r t  of  c e n t r a l  a v a i l a b i l i t y  of dat.a a r e  h i g h  
p r i o r i t y  r equ i rements .  A l i t t l e  i n f o r m a t i o n  a l r e a d y  e x i s t s  b u t  i s  
found i n  v a r i o u s  p l a c e s  such a s  i n  F rance  and d i f f e r e n t  m i n i s t r i e s  i n  
D j i b o u t i .  There  i s  a  need f o r  D j i b o u t i  t o  p r o p e r l y  a s s e s s  i t s  w a t e r  
and s o i l  r e s o u r c e s .  The c o u n t r y  must know i t s  w a t e r  r e s o u r c e s  t o  
develop it urban and p o s s i b l e  i n d u s t r i a l  p o t e n t i a l .  I t s  n a t i o n a l  
p o l i c y  g i v e s  t h e  c i t i e s  t h e  f i r s t  p r i o r i t y  f o r  t h e  u s e  of  w a t e r .  
C u r r e n t l y  t h e  p o r t ,  when s e r v i c i n g  s h i p s ,  s e l l s  them w a t e r  a t  f o u r  
t imes  t h e  r a t e  p a i d  by t h e  p e o p l e  of D j i b o u t i .  There  i s  c e r t a i n l y  a  
need f o r  w a t e r  f o r  development  of any k i n d .  Some w a t e r  r e c o r d s  have  
been c a r e f u l l y  c o l l e c t e d ,  b u t  t h e r e  h a s  been no c e n t r a l  r e p o r t i n g  and 
no  c e n t r a l  a u t h o r i t y .  

L i t t l e  equipment i s  c u r r e n t l y  be ing  used and a d d i t i o n a l  
equipment i s  u r g e n t l y  needed f o r  s o i l  and wa te r  a n a l y s i s .  Sending 
s o i l  samples half-way a round  t h e  wor ld  t o  Hawaii f o r  a n a l y s i s  i s  
c o s t l y  a n d , n o t  t h e  b e s t  u s e  of  funds .  But  of even g r e a t e r  concern  i s  
t h e  amount of t i m e  l o s t .  Thus, s o i l  and wa te r  a n a l y s e s  o u g h t  t o  be 
done i n  D j i b o u t i  a s  a  b a s i s  f o r  f u r t h e r  development.  

T r a i n i n g  of l o c a l  p e r s o n n e l  i s  an  e x c e l l e n t  and h i g h l y  
recommended u s e  o f  funds .  The USAID s t a f f  shou ld  t r a i n  t h e  l o c a l  
p e r s o n n e l  w h i l e  do ing  t h e  s o i l  and w a t e r  i n v e n t o r y  and a n a l y s i s .  



I n  s h o r t ,  a l t e r n a t i v e  t w o  s h o u l d  be done  b e f o r e  a l t e r n a t i v e  
t h r e e .  F u l l  f l i g h t  a g r i c u l t u r e ,  a l t h o u g h  needed ,  mus t  w a i t  u n t i l  
knowledge h a s  been  g a i n e d .  T h e r e  a re  many o t h e r  components  s u c h  a s  
t e a c h i n g  p e o p l e  how t o  f a rm ,  p r o v i d i n g  them w i t h  tools  and  equ ipmen t ,  
know-how, e t c . ,  b u t  t h e s e  w i l l  come i n  a l a t e r  p h a s e .  

A s  f o r  r e s e a r c h ,  a n d  t e a c h i n g ,  t h e  r e t u r n  w i l l  be a  
" h u n d r e d f o l d . "  Any deve lopmen t  c a n  t h e n  be i n  l i n e  w i t h  t h e  water and  
s o i l  r e s o u r c e s  o f  t h e  c o u n t r y .  ~t c e r t a i n l y  i s  t h e  l e a s t  e x p e n s i v e  
a l t e r n a t i v e  w i t h  t h e  g r e a t e s t  p o t e n t i a l  f o r  e conomic  b e n e f i t .  

T h i s  a l t e r n a t i v e  c a n  be a c c o m p l i s h e d  i n  t h e  s h o r t - t e r m  (18-24 
m o n t h s )  a n d  would r e i n f o r c e  o t h e r  a g r i c u l t u r a l  p rog rams .  

The A g r i c u l t u r a l  S i t u a t i o n  - - Prob lems  

1. S t a t i s t i c a l  i n f o r m a t i o n  - v e r y  poor w i t h  g r e a t  r a n g e  
i n  estimates f rom v a r i o u s  s o u r c e s .  

2 .  Food i m p o r t s  a c c o u n t  f o r  9 7 %  o f  consumpt ion .  

3 .  L i t t l e  a g r i c u l t u r a l  t r a d i t i o n  as t h e  r u r a l  p e o p l e  a re  
nomads. About  100  h e c t a r e s  h a v e  b e e n  or  a r e  i n  
a g r i c u l t u r e .  

4 .  L i t t l e  i f  any  r a n g e  management. Even t hough  s h e e p  and  
g o a t s  ea t  v e r y  close t o  t h e  g r o u n d ,  s o i l  e r o s i o n  d o e s  
n o t  a p p e a r  t o  be a p rob l em.  

5 .  P r a c t i c a l l y  n o  f e r t i l i z e r  ued  -- some manure  
e s p e c i a l l y  by t h e  Yemeni f a r m e r s .  

6 .  I n a d e q u a t e  t r a n s p o r t a t i o n  w i l l  h i n d e r  a g r i c u l t u r a l  
deve lopmen t  e s p e c i a l l y  i n  t h e  n o r t h .  

7 .  High t e m p e r a t u r e s  e s p e c i a l l y  i n  t h e  summer l i m i t s  
v a r i e t y  o f  c r o p s  t h a t  c a n  be grown. 

8 .  C r e d i t  -- a l a c k  o f  i n s t i t u t i o n s  t o  p r o v i d e  l ow-cos t  
c r e d i t  f o r  f a r m e r s .  

9 .  S h o r t a g e  o f  r e a d i l y  a v a i l a b l e  water and  o f  f u t u r e  
s o u r c e s  as  w e l l  a s  t h e  h i g h  cost  o f  o b t a i n i n g  it. 

10 .  L i t t l e  knowledge  o f  t h e  s o i l  r e s o u r c e s .  

11.. Land t e n u r e  c h a n g e s  c o u l d  c a u s e  p rob l ems  i n  t h e  l o n g  
r u n .  Appea r s  u n c l e a r  a t  p r e s e n t .  



111. P o s s i b l e  Approaches - t o  Improve - t h e  A g r i c u l t u r a l  S e c t o r  -- i n  t h e  
F u t u r e  

1. Development o f  s k i l l e d  fa rmers .  

2. T r a i n i n g  of a  l o c a l  s t a f f  o f  a g r i c u l t u r a l  a d v i s o r s .  

3 .  Estab l i shment  of an a g r i c u l t u r a l  c r e d i t  agency.  

4. Es tab l i shment  of  a g r i c u l t u r a l  c o o p e r a t i v e s .  

5 .  B e t t e r  u t i l i z a t i o n  o f  p r e s e n t  w a t e r  s u p p l i e s  and 
garden  p l o t s .  

6 .  B e t t e r  u t i l i z a t i o n  of  a v a i l a b l e  manpower. 

7 .  R e h a b i l i t a t i o n  of  former ga rden  p l o t s  w i t h i n  e x i s t i n g  
pe r ime t e r s .  

8. C r e a t i o n  of new pe r ime t e r s ,  where w a t e r  e x i s t s ,  f o r  
example a t  Garrasou.  

9 .  I n t r o d u c t i o n  o f  improved v a r i e t i e s  o f  c r o p s  c u r r e n t l y  
grown and t h e  i n t r o d u c t i o n  o f  new c rops .  

10 .  A s  popu l a t i on  i n c r e a s e s ,  an  a t t e m p t  shou ld  be  made t o  
a t  l e a s t  ma in t a in  t h e  p r e s e n t  p r o p o r t i o n  o f  food 
p roduc t i on  which i s  t h r e e  p e r c e n t  ( 3 % )  of  consumption. 

11. Decrease  unemployment. 

12.  Br ing i n  exper ienced  pe r sonne l  and deve lop  a g r i c u l t u r e  
i n  an a r e a  of  a t  l e a s t  100 h e c t a r e s  i n c l u s i n g  t h e  
marke t ing  of t h e  a g r i c u l t u r a l  p r o d u c t s  i n  D j i b o u t i .  

IV. Suggested  Approaches -- f o r  t h e  F u t u r e  

1. Send some promis ing young s t u d e n t s  t o  a g r i c u l t u r a l  
s choo l s  i n  t h e  sou thwes te rn  p a r t  of  t h e  U .  S .  

2 .  E s t a b l i s h  an AID a g r i c u l t u r a l  a d v i s o r  t o  work as a 
"coun t ry  a g r i c u l t u r a l  agen t "  w i t h  t h e  fa rmers  of 
D j i b o u t i .  

3 .  Conduct " shor t -course"  t r a i n i n g  programs t o  develop a  
l o c a l  s t a f f  of  a g r i c u l t u r a l  a d v i s o r s .  A f i r s t  
p r i o r i t y  shou ld  b e  t h e  t r a i n i n g  of  l o c a l  peop l e  t o  
t a k e  ove r .  

4 .  Help t h e  D j i b o u t i  Government e s t a b l i s h  an a g r i c u l t u r a l  
bank t o  p rov ide  low-cost l o a n s  t o  fa rmers .  

5 .  Make a v a i l a b l e  t o  fa rmers ,  on a t r i a l  b a s i s ,  some 
improved s eed  v a r i e t i e s  from t h e  U.S. and a l s o  



f e r t i l i z e r ,  s p r a y  m a t e r i a l s ,  a n d  new c r o p s  n o t  now 
b e i n g  grown b u t  wh ich  c o u l d  be grown. 

He lp  t h e  D j i b o u t i  Government  e s t a b l i s h  a f a r m e r s  ' 
c o o p e r a t i v e  t o  g e t  s u p p l i e s  a n d  m a r k e t  p r o d u c e  on  a n  
o r d e r l y  basis .  

P r o v i d e  a n  a g r i c u l t u r a l  e n g i n e e r  t o  h e l p  t h e  f a r m e r s  
d e s i g n  be t ter  a n d  more e f f i c i e n t  i r r i g a t i o n  s y s t e m s  
a n d  t e a c h  them t h e  recommended c a r e  a n d  r e p a i r  o f  
e n g i n e s ,  pumps, a n d  equ ipmen t .  

8. S u p p o r t  a l a b o r a t o r y  f o r  a water a n d  s o i l  s u r v e y .  

9 .  Deve lop  a f u l l - s c a l e  a g r i c u l t u r a l  p r o j e c t  o f  
s u f f i c i e n t  s i z e  t o  make a n  impac t .  

O b s e r v a t i o n s  

1. A g r i c u l t u r a l  p r o d u c t i o n  a t  c u r r e n t  p r i c e s  i s  p r o f i t -  
able. Even w i t h  t h e  r e o p e n i n g  o f  the  r a i l r o a d ,  
e f f i c i e n t  p r o d u c e r s  s h o u l d  be able t o  compe t e  w i t h  t h e  
i m p o r t s  f r o m  E t h i o p i a ,  S o m a l i a  a n d  Kenya. 

One r e a s o n  f o r  a g r i c u l t u r e  i n  moun ta in  v a l l e y s  i s  t h a t  
c o o l e r  c l imate  a l l o w s  a g r e a t e r  r a n g e  o f  c r o p s  
e s p e c i a l l y  d u r i n g  t h e  summer when p r i c e s  a re  h i g h .  
C o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  d e v e l o p i n g  q a r d e n s  i n  
t h e  n o r t h e r n  h a l f  o f  t h e  c o u n t r y .  

S o i l  b a s e ,  i n  many areas, a p p e a r s  t o  s u s t a i n  a 
r e a s o n a b l e  l e v e l  o f  a g r i c u l t u r a l  a c t i v i t y .  W i t h o u t  
w a t e r  a n d  improved  human r e s o u r c e s  it i s  l i k e l y  b e i n g  
u s e d  a t  i t s  opt imum l e v e l  now. 

Towns h a v e  f i r s t  p r i o r i t y  f o r  w a t e r  i n  t h e  l o n g  r u n  
b u t  s u f f i c i e n t  w a t e r  e x i s t s  f o r  l i m i t e d  a g r i c u l t u r a l  
d e v e l o p m e n t .  

Land i s  owned b y  the  t r ibe.  There i s  no p r o b l e m  i f  
l a n d  i s  r e n t e d .  T r i b a l  cu s tom p e r m i t s  t h e  c o n t i n u o u s  
h o l d i n g  o f  l a n d  by i n d i v i d u a l s  b u t  d o e s  n o t  p e r m i t  i t s  
t r a n f e r  o u t s i d e  o f  t h e  t r i be  o r  f a m i l y .  A l s o  t h e r e  
a re  c u s t o m a r y  r i g h t s  t o  access by  nomadic  he rd smen .  
Government  a l so  claims o w n e r s h i p .  

T h e r e  i s  a n e e d  f o r  w e l l - t r a i n e d  p e o p l e  f o r  
a g r i c u l t u r a l  deve lopmen t ,  as t r a d i t i o n a l l y  a m a n ' s  
l i v e s t o c k  i s  h i s  h e r i t a g e  a n d  f o o d  s u p p l y .  

Wells are  3 t o  4 meters i n  d i a m e t e r ,  a n d  4 t o  6 meters 
deep .  They a p p e a r  t o  i r r i g a t e  f rom 0 . 1  t o  0 . 5  
hectares each a n d  p r o b a b l y  c a n  p r o d u c e  o n l y  2 5  t o  50  
c u b i c  meters o f  w a t e r  p e r  day .  



8. A c o n s t r a i n t  t o  g r e a t l y  i n c r e a s e d  a g r i c u l t u r a l  
p r o d u c t i o n  i n  c o a s t a l  a r e a s  m i g h t  be i n c r e a s e d  
s a l i n i t y .  

9.  W i t h o u t  a d d i t i o n a l  w a t e r  a n d  s o i l  i n f o r m a t  i o n ,  o n e  
c a n n o t  i d e n t i f y  t h e  a r e a s  w i t h  t h e  g r e a t e s t  
a g r i c u l t u r a l  p o t e n t i a l .  However, t h e  most  p r o m i s i n g  
a r e a s  a p p e a r  t o  i n c l u d e  t h e  H a n l e  P l a i n ,  t h e  Gobaad 
P l a i n ,  a n d  Mouloud. 

1 0 .  The  t w o  w e l l s  a t  Mouloud a t  p r e s e n t  h a v e  s u f f i c i e n t  
w a t e r  f o r  t h e  needs  o f  A l i  S a b i e h  a n d  t o  i r r i g a t e  300 

h e c t a r e s .  S e v e r a l  t h o u s a n d  a c r e s  i n  t h e  p l a i n  a r o u n d  
Mouloud a p p e a r  s u i t a b l e  f o r  a g r i c u l t u r a l  deve lopmen t .  
T h e  e x i s t i n g  g a r d e n  would i n d i c a t e  so. A d d i t i o n a l  
w e l l s  i n  t h e  a r e a  a r e  a  p o s s i b i l i t y .  H y d r o l o g i s t s  
n e e d  t o  make a n  e v a l u a t i o n .  P e d o l o g i s t s  s h o u l d  check  
t h e  s o i l .  

V I .  The C o u n t r y  

The  R e p u b l i c  o f  D j i b o u t i  i s  a b o u t  t h e  s i z e  o f  Vermont a n d  h a s  
n o  pe rmanen t  r i v e r s .  R a i n f a l l  i s  low w i t h  t h e  most i n  t h e  h i g h l a n d s  
a n d  t h e  l e a s t  o n  t h e  c o a s t .  One r e p o r t  s t a t e s  t h a t  t h e  a v e r a g e  i s  
o n l y  a b o u t  128mm p e r  y e a r  w i t h  l o w s  o f  58mm a n d  h i g h s  o f  171rnm. T h e r e  
a r e  t w o  l a k e s .  Lake A s s a l ,  which c o n s i s t s  o f  sodium c h l o r i d e  b r i n e  a t  
156m below s e a  l e v e l  a n d  n e i g h b o r i n g  t o  a  s a l t  f l a t .  Lake  A b b e  i s  
sod ium c a r b o n a t e  a n d  c h l o r i d e  b r i n e  a t  234m above  s e a  l e v e l .  I t  i s  
t h e  e v a p o r a t i v e  t e r m i n u s  o f  t he  Awash r i v e r  a n d  Gobaad Wadi, b o t h  f rom 
E t h i o p i a .  

A few h u n d r e d  h e c t a r e s  have  been  c u l t i v a t e d  a t  t i m e s .  
D j i b o u t i  h a s  v e r y  l i t t l e  a g r i c u l t u r a l  t r a d i t i o n  a n d  much o f  t h a t  
r e s u l t e d  f rom t h e  a c t i v i t i e s  o f  e x p a t r i a t e  Yemeni f a r m e r s .  
A g r i c u l t u r e  c o n s i s t s  o f  s c a t t e r  g a r d e n s  and  some d a t e  p l a n t a t i o n s .  
These a r e  u s u a l l y  a t  s h a l l o w  w e l l s  or  a t  t h e  few s p r i n g s .  I n  t h e  
w i n t e r ,  i t  i s  e s t i m a t e d  t h a t  between 50  a n d  6 0  h e c t a r e s  a r e  i n  
c u l t i v a t i o n  b u t  i n  summer less t h a n  5  p e r c e n t  ( 5 % )  o f  t h i s  s m a l l  a r e a  
is  c u l t i v a t e d .  F o r  t h e  most p a r t ,  t h e s e  g a r d e n s  a r e  government  
o p e r a t e d  by s a l a r i e d  employees .  The c u l t i v a t e d  p e r i m e t e r s  a r e  
p r i m a r i l y  i n  t h e  D j i b o u t i  town r e g i o n  and  a t  A s  E y l a .  T h e r e  h a s  b e e n  
a  s m a l l  s t e a d y  i n c r e a s e  i n  a g r i c u l t u r a l  o u t p u t .  However, t h e  
p r o d u c t i o n  p r o p o r t i o n  h a s  r ema ined  c o n s t a n t  o v e r  t h e  p a s t  dozen  y e a r s  
a t  a b o u t  t h r e e  p e r c e n t  ( 3 % ) .  Dur ing  t h e  w i n t e r  t o m a t o e s  a r e  t h e  
l e a d i n g  c r o p  w i t h  p r o d u c t i o n  o f  75 t o n s .  T u r n i p s  f o l l o w  w i t h  6 0  t o n s  
a n d  egg p l a n t s  w i t h  50  t o n s .  D a t e  p r o d u c t i o n  i s  1 5  t o n s .  Summer - -  - 

p r o d u c t i o n .  i s  m o s t l y  melons  a n d  c a t e l o u p e s  o f  wh ich  55  t o n s  a r e  
p r o d u c e d .  * (*Source :  B u l l e t i n  S t a t i s t i q u e .  ) 

F o r  y e a r s  mst  a g r i c u l t u r a l  i m p o r t s  were f rom E t h i o p i a  by way 
o f  r a i l r o a d .  When t h e  Ogaden war  s t o p p e d  t h e  r a i l r o a d  o p e r a t i o n ,  f o o d  
p r i c e s  g r e a t l y  i n c r e a s e d .  



Food i m p o r t s  i n  1975 c o n s i s t e d  o f  a p p r o x i m a t e l y  1 2 , 0 0 0  t o n s  o f  
f r u i t  and  v e g e t a b l e s ,  4 ,000  t o n s  o f  r i c e ,  1 , 5 0 0  t o n s  o f  soruhum, and 
136  t o n s  o f  m i s c e l l a n e o u s  c e r e a l s .  I n  a d d i t i o n  i n  r e c e n t  y e a r s  
be tween  7 , 0 0 0  and  8 , 0 0 0  t o n s  o f  f l o u r  h a s  been  impor t ed  a n n u a l l y .  

The  FED r e p o r t s  t h a t  o f  t h e  280 ,000  i n h a h i t a n t s  i n  t he  
R e p u b l i c ,  be tween  150 ,000  a n d  1 8 0 , 0 0 0  l i v e  i n  D j i b o u t i  town and t h e  
rest i n  t h e  c o u n t r y .  Wi th  t h e  e x c e p t i o n  o f  t h e  p e o p l e  i n  t h e  s m a l l  
a d m i n i s t r a t i v e  c e n t r e s  o f  D i k h i l ,  A l i  S a b i e h ,  Goboki,  T a d j o u r a ,  and 
Obock, t h e s e  100 ,000  p e o p l e  a r e  nomads t r a v e l i n g  n o t  o n l y  w i t h i n  t h e  
c o u n t r y  b u t  a l s o  i n  n e i g h b o r i n g  c o u n t r i e s  a s  it is  a t r i b a l  r i g h t .  
Among t h e  nomads t h e r e  i s  n o  h a r v e s t i n g  and  s t o r a g e  o f  f o r a g e .  They 
e s s e n t i a l l y  l i v e  f rom t h e  mi lk  p r o d u c t i o n  o f  t h e i r  a n i m a l s .  T h e r e  i s  
n o  d i s t i n c t  r a i n y  s e a s o n .  However, t h e y  t e n d  t o  r e c e i v e  t h e  most  
p r e c i p i t a t i o n  from J u n e  t o  September .  The v e g e t a t i o n  on t h e  
p a s t u r e l a n d  i s  r e p r e s e n t e d  by t h e  f o l i a g e  a n d  bunches  o f  s m a l l  t h o r n y  
s h r u b s  t o  which are  added ,  f o l l c w i n g  the  r a i n s ,  s m a l l  g r a s s - l i k e  
p l a n t s .  

The  herds move f rom o n e  g r a z i n g  area t o  a n o t h e r  a c c o r d i n g  t o  
the  r a i n f a l l  and s e a s o n s  r e g a r d l e s s  o f  b o r d e r s .  

T h e  r u r a l  sector c e r t a i n l y  l i v e s  a t  the s u b s i s t e n c e  l e v e l  
b e i n g  w i t h o u t  doub t  among t h e  " p o o r e s t  o f  the  p o o r . "  Those  i n  t h e  
u r b a n  sector are, f o r  t h e  most  p a r t ,  e i t he r  unemployed o r  
underemployed b e i n g  s u s t a i n e d  a n d  s u p p o r t e d  by a s t r o n g  e x t e n d e d  
f a m i l y  sys t em.  

V I I .  L i v e s t o c k  

L i v e s t o c k  numbers v a r y  as t h e y  move i n  and  o u t  o f  t he  c o u n t r y  
a n d  a l s o  t h r o u g h  t h e  Count ry .  E s t i m a t e s  a s  t o  numbers v a r y  
c o n s i d e r a b l y .  

E s t i m a t e  Ag. M i n i s t . *  FED 1977 FA0 i n  
by 1977 F rench  1974-75 Annual 
M r .  G a s c  R e p o r t  E s t i m a t e  Repor t  

G o a t s  300,000 150 ,000  350,000 95 ,000  
Sheep 275,000 50 ,000  250 ,000  561 ,000  

Camels 25 ,000  
C a t t l e  10 ,000  
Donkeys ------ 

T h e  e s t i m a t e d  mi lk  p r o d u c t i o n  is:  

120 l i t e rs  p e r  cow 
60  l i t e r s  p e r  g o a t  
30 l i t e rs  p e r  s h e e p  

180  l i te rs  p e r  camel 

* s e r v i c e  d e  L 'E levage  e t  d e s  P e c h e s  (1977)  



During 1976 t h e  s l a u g h t e r  h o u s e s  r e p o r t e d  t h e  f o l l o w i n g  f i g u r e s :  

C a t t l e  7 ,289 
Goa t s  76,966 
Sheep 93,719 
Came 1s 133 

During t h e  f i r s t  s i x  months o f  1977 t h e  f o l l o w i n g  number of  an imals  
w e r e  d r e s s e d :  

C a t t l e  3 ,354  
Goa t s  43,889 
Sheep 26,695 

Of c a t t l e  impor ted ,  80% a r e  from E t h i o p i a ,  and 20% a r e  from Somalia .  

Number L i v e s t o c k  Repor ted  S l a u g h t e r  Houses 

C a t t l e  7 ,289 
Goats  76,966 
Sheep 93,719 
Came 1s 13 3 

From 1955 

Domestic P roduc t ion  i n  1976 -- 

TONS 
Number C a r c a s s  O f f a l *  T o t a l  

C a t t l e  ' 1 , 2 0 0  132 
Sheep 15,000 210 
Goa t s  45,000 5 40 
Came 1s 720 115 

TOTAL 1 , 1 6 1  

*Offa l :  Hear t ,  l i v e r ,  tongue,  and o rgan  meat. 

Impor t s  o f  -- L i v e  Animals i n  1976 -- 

TONS ( d r e s s e d )  
C a r c a s s  Off a 1  

C a t t l e  789 197 
Sheep 1 , 1 7 4  176 
Goa t s  667 100 

T o t a l  

TOTAL 3,103 

Source:  F .E. D .  D iagnos t ique  Economique e t  P e r s p e c t i v e s  d e  
Developpement a m y e n  e t  p l u s  long  terme. 



T o t a l  Meat Consumption 

Tons  

Domes t ic  P r o d u c t i o n  1 , 1 6 1  
L i v e  I m p o r t s  3 , 1 0 3  
I m p o r t s / ~ r e p a r e d  Meats 386 

TOTAL 4 , 6 5 0  

Meat consumpt ion  p e r  c a p i t a  f o r  a l l  = 22.1  Kg 
Meat consumpt ion  p e r  c a p i t a  e x c l u d i n g  Europeans  = 21.3 K g  

Domestic Mi lk  P r o d u c t i o n  i n  1976 -- 
C o w s  400 
Goats 5 , 1 0 0  
S h e e p  870 
C a m e  Is 750 

TOTAL 7 , 1 2 0  

Imports 1 , 8 8 0  

T o t a l  Consumed 9 , 0 0 0  t o n s  

Consumption p e r  c a p i t a  4 2 , 8  l i te rs ,  or 120g  p e r  d a y  p e r  c a p i t a .  
I m p o r t e d  canned  mi lk  = 380 t o n s  

Average  R e t a i l  Meat P r ices  i n  1977 per k i l o  -- - 
Beef 500 FD 
Goat and  S h e e p  700 FD 
C a m e l  500 FD 

V i s i t  a t  a b a t t o i r  ( s l a u g h t e r  h o u s e )  i n  D j i b o u t i  on 7/30/78.  The  
manager  r e p o r t e d  t h e  f o l l o w i n g  s t a t i s t i c s :  

S l a u g h t e r e d  - P e r  Day - a t  P r e s e n t  

Sheep  300 p e r  day  
G o a t s  200 p e r  day  
Camels 2 p e r  week 
C a t t l e  1 5  per day  



The  f e e  t o  k i l l  a  g o a t  o r  s h e e p  is 100 F each .  The a b a t t o i r  was b u i l t  
i n  1950 and  i s  too s m a l l .  I t  r u n s  a  d e f i c i t  f i n a n c i a l l y .  None o f  t h e  
t h r e e  c o l d  rooms a r e  o p e r a t i n g  due  t o  breakdown o f  r e f r i g e r a t o r s .  I t  
i s  opened  365 d a y s  p e r  y e a r ,  b u t  by 10 AM a l l  a c t i v i t y  f o r  t h e  day i s  
o v e r .  I t  was b u i l t  f o r  a  1 , 0 0 0 t o n  c a p a c i t y  b u t  i s  c u r r e n t l y  
o p e r a t i n g  a t  4 ,500  t o n s  p e r  y e a r .  The h i d e s  a r e  e x p o r t e d  t o  I t a l y .  
T h i s  i s  o n e  o f  t h e  few e x p o r t s  o r  r e - e x p o r t s  from t h e  c o u n t r y .  The 
a b a t t o i r  s h o u l d  b e  r e p l a c e d  by a  new modern, l a r g e r  f a c i l i t y  o u t s i d e  
t h e  c i t y .  The p r e s e n t  l o c a t i o n  i s  n o t  s a t i s f a c t o r y .  S a n i t a t i o n  i s  
e x t r e m e l y  poor .  

V I I .  C ropp inq  

Labor  r e q u i r e m e n t s  f o r  t h e  growing  o f  v e g e t a b l e s  d u r i n g  w i n t e r  
a r e  a s  f o l l o w s :  

H r s .  p e r  h e c t a r e  -- 
Tomatoes ........................... 1 , 9 0 0  
Onions  ............................. 1 , 3 0 0  
C a r r o t s  ............................ 900 
P o t a t o e s  ........................... 650 
P imen tos ,  p e p p e r s ,  and egg  p l a n t s  . . 1 , 2 6 0  

T h i s  g i v e s  a n  a v e r a g e  of  1 , 3 0 0  h o u r s  o f  man l a b o r  o f  160 d a y s  of  
e i g h t  h o u r s .  Labor  r e q u i r e m e n t s  f o r  v e g e t a b l e s  grown d u r i n g  summer 
(me lons  and  c a t e l o u p e s )  a r e  700 h o u r s  p e r  h e c t a r e  o r  90  d a y s  o f  work. 

F o r  g r a i n s  and  f o r a g e  l a b o r  r e q u i r e m e n t s  a r e :  

Corn a n d  sorghum c u t  g r e e n  f o r  l i v e s t o c k  t a k e s  650 h o u r s  p e r  h e c t a r e  
o f  man l a b o r  o r  70 days .  Sorghum g r a i n s  r e q u i r e  4 . 5  d a y s  o f  l a b o r  f o r  
h a n d  h a r v e s t i n g .  

FED h a s  e s t i m a t e d  t h a t  s u f f i c i e n t  w a t e r  p r o b a b l y  i s  a v a i l a b l e  f o r  t h e  
p r o d u c t i o n  o f :  

20 ,000  t o  30 ,000  t o n s  of  w i n t e r  v e g e t a b l e s  
2 , 5 0 0  t o n s  of  g r a i n ,  and  6 , 4 0 0 , 0 0 0  f o r a g e  units or  15 ,000  

t o n s  o f  summer v e g e t a b l e s  i n s t e a d  o f  f o r a g e  c r o p s .  

The  above  estimates a r e  p r o v i d e d  t h a t  2 , 0 0 0  h e c t a r e s  o f  good s o i l  i s  
a v a i l a b l e  w i t h  s u f f i c i e n t  w a t e r  and  2 , 0 0 0  worke r s  unde r  s k i l l e d  
management. 

P o t e n t i a l  c r o p  y i e l d s  a r e  as f o l l a w s :  

W i n t e r  Crops  Tons per h e c t a r e  -- 
Tomatoes 35 
P imen tos ,  p e p p e r s ,  egg  p l a n t s  15  
Onion 20 
C a r r o t s  17  
P o t a t o e s  20 



Summer Crops Tons per hec ta re  

Canteloupes 
Melons 

Grain and Forage 

Sorghum gra in  
Sorghum o r  corn forage 

2.5 
6,400 forage u n i t s  

According t o  M .  Gasc, one hec ta re  of i r r i g a t e d  land i n  t h e  Djibouti  
town area  produces: 

12,000 Kg of tomatoes i n  5 months @ 100 F = 1,200,000 
2,000 Kg of sorghum i n  3 months @ 50 F = 100,000 

30,000 Kg of canteloupes i n  summer @ 30 F = 900,000 

Returns 
Cost of Water 

Seeds and Misc. 

NET 2,000,000 FD 
o r  11,838 per  hec ta re  f o r  
labor a t  present  pr ices .  

E l e c t r i c i t y  co s t s  about 10 cen t s  per k i lowat t  i n  town. That 
i s ,  1Kw of e l e c t r i c i t y  c o s t s  20 DF fo r  la rge  users and 25 DF fo r  small  
users.  The ac tua l  c o s t  of production i s  18 DF. Seven fo r  f u e l  and 11 
fo r  a l l  o the r  co s t s  plus 2-7 D F .  

One l i t e r  of d i e s e l  f u e l  co s t s  40-45 DF. Other co s t s  include 
t h e  cos t  of water which i s  about four times higher than i n  t h e  U.S. 
In  U . S .  one uses about 36" t o  grow one crop and i n  Dj ibout i  one uses 
39" t o  grow th r ee  crops. The cos t  of 3Hp pumps i s  130,000 DF with an 
output  of 30-35 cubic  meters per hours. The output  of water per  wel l  
l i m i t s  t h e  s i z e  of t h e  garden. In t h e  Djibouti  a rea ,  if pumped too  
much, t h e  water becomes s a l t y .  Seeds per  k i l o  co s t  4,000 DF, and per 
hec ta re  co s t s  a r e  25,000 DF. 



I X .  Impor ts  

Impor t s  1972 - 
Animals on t h e  hoof 
F r u i t  and v e g e t a b l e s  
Frozen meat and f i s h  
Dairy  p r o d u c t s  and eggs 
F lou r  and d e r i v a t i v e  p r o d u c t s  
R i ce  
So rgh urn 
Sugar  
S a l t  
Non-alcoholic  beve rages  
Wine 
B e e r  
Whiskey 
Khat 

649 t o n s  
9 ,409  t o n s  

538 t o n s  
2,445 t o n s  
5,522 t o n s  
3 ,359 t o n s  
3,104 t o n s  
3,534 t o n s  

227 t o n s  
3,188 t o n s  
2,755 t o n s  
1 ,027  t o n s  

736 t o n s  
1 ,293  t o n s  

R e t a i l  P r i c e s  a t  t h e  Loca l  Market on 7/28/78 -- - 

Meat ( g o a t )  600 F / ~ i l o  
F i s h  300 
P o t a t o e s  ( E t h i o p i a )  200 
Onions 200 
Oranges (Soma l i a )  300 
Tomatoes (Soma l i a )  400 
Can te loupes  ( D j i b o u t i )  150 
Bananas (Soma l i a )  300 
C a r r o t s  3 50 
Mangoes 300 

Prices a t  t h e  nearby supermarket  ( P r i s u n i c )  were abou t  t w i c e  a s  h i g h .  
For  example, m o s t  f r u i t  was 750 F p e r  k i l o  (o ranges ,  bananas ,  e t c . )  

Impor t s  1976 and o t h e r  d a t a  -- - 
R i c e ,  sorghums 9 , 5 5 2  tons 
Flou r  and d e r i v a t i v e s  7,050 t o n s  
Meat 1 ,059  t o n s  
Da i ry  P roduc t s  4,334 t o n s  
Alcoholic beve rages  4 ,031  t o n s  
Canned goods 1 ,719 t o n s  
Sugar  and s a l t  6 , 521  t o n s  

Note: S a l t  i s  impor ted  from Yemen f o r  t h e  most p a r t .  



Re-Exports  1976  

R i c e  and  sorghums 
F l o u r  and  d e r i v a t i v e s  
Meat 
D a i r y  P r o d u c t s  
A l c o h o l i c  b e v e r a g e s  
Canned goods  

774  t o n s  
1 , 0 0 0  t o n s  

20 t o n s  
20 t o n s  

2 , 8 2  t o n s  
17  t o n s  

Source :  B u l l e t i n  S t a t i s t i q u e .  
Note:  A p p a r e n t l y  t h e r e  h a s  been  a s u b s t a n t i a l  i n c r e a s e  i n  
r e p o r t e d  i m p o r t s  f rom 1972 t o  1976. 

Employment 

Number P e r c e n t  

P r o d u c t i o n  S e c t o r  ( A g r i c u l t u r e ,  
f i s h e r i e s ,  i n d u s t r y ,  e t c . )  9 9 1  5 .5  

Energy ,  c o n s t r u c t i o n ,  armed f o r c e s  2 , 9 9 1  1 6 . 8  
T r a n s p o r t a t i o n  and  d i s t r i b u t i o n  5 , 5 7 6  31.3  
C o m m e r c e  and  s e r v i c e s  ( p r i v a t e  

a d m i n i s t r a t i o n )  3 , 8 5 3  21.6 
P u b l i c  A d m i n i s t r a t i o n  4 , 4 2 1  24.8 

( f r o m  p a g e  284 )  17 ,832  100  

D j i b o u t i  w a t e r  consumpt ion  i s  20,200-21,000 c u b i c  m e t e r s / d a y  

C u b i c  meters per month cost per c u b i c  meter 

L e s s  t h a n  6 0  
6 0  - 1 2 0  
More t h a n  120 

Note: 70DF i s  e q u i v a l e n t  t o  40  c e n t s  p e r  c u b i c  meter. 

The  u s e  o f  w i n d m i l l s  f o r  pumping a t  s h a l l o w  w e l l s  seems t o  be 
a n  a l t e r n a t i v e  a s  t h e  c o u n t r y  h a s  a l m o s t  c o n s t a n t  winds .  However, 
t h e r e  i s  n o  o n e  t r a i n e d  t o  m a i n t a i n  a n d  repair  them. Both w i n d m i l l s  
i n  t h e  c o u n t r y  h a v e  b r o k e n  down. 

Wages now ( d u r i n g  1979)  p a i d  t o  w o r k e r s  a t  t h e  g a r d e n s  r a n g e  
f rom 1 5 , 0 0 0  t o  20 ,000  DF ( a v e r a g e  $100 p e r  month) .  



Budget per hectare  fo r  a 100 hec t a r e  projec t :  

Costs 

Water cos t  per  hectare  1,000 
Labor cos t  (domestic) 625 
Seeds and a l l  o ther  37 5 

TOTAL 2,000 

Returns 

Tomatoes 30 T @ 500 
Sorghum 2 T @ 200 
Canteloupes and melons 
20T @ 100 

TOTAL 17,400 

Marketing Expenses 400 

Returns above cos t s  per hec ta re  15,000 

A t  present t h e  number of employed wage earners i s  only a small 
f r ac t i on  of t he  t o t a l  avai lable .  Unemployment is  estimated a t  80-90 
percent .  P rac t i ca l ly  none of t h e  refugees a r e  working. Wages a r e  
low. Food pr ices  a r e  high. Even t h e  most conservative budget shows a 
l a rge  prof it. 

I r r i g a t e d  ag r i cu l t u r e  can compete with food imports. The 
Government claims contro l  fo t h e  land. So with ava i l ab le  land, 
s u f f i c i e n t  water, good s o i l ,  ample labor ,  a market f o r  t o t a l  output,  
one can conclude t h a t  farming w i l l  be p rof i t ab le .  USAID ought t o  help 
Dj ibout i  evaluate  i t s  resources (water,  s o i l )  so  as  t o  then be ab le  t o  
develop i t s  human resources. 

Sources Many the - S t a t i s t i c s  

Diagnostic Economique e t  Perspect ives de Developpement a myen 
e t  plus long terme. 

Etude prepara to i re  a l a  p l an i f i c a t i on  commission des 
communautes Europeennes F.E.D. 
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POTENTIAL AGRICULTURAL STUDIES I N  DJIBOUTI - 
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Recommendations - f o r  D j i b o u t i a n  A g r i c u l t u r e  

E x i s t i n g  farms prove t h a t  a g r i c u l t u r e  i s  p o s s i b l e  i n  D j i b o u t i .  
O p t i m i s t i c  a s s e s smen t s  o f  p o t e n t i a l  based on n o t  enough i n f o r m a t i o n  
p r e d i c t  t h a t  t h e  coun t ry  might  someday be s e l f - s u f f i c i e n t  i n  food.  
The t r u e  p o t e n t i a l  canno t  be determined u n t i l  t h e  e x t e n t  o f  so i l  and 
wa t e r  r e s o u r c e s  i s  known. Based on ou r  s t udy ,  I make t h e  fo l l owing  
recommendations: 

1. Develop pe r sonne l  and a  l a b o r a t o r y  w i t h  t h e  a b i l i t y  t o  
i n v e n t o r y  so i l  and wate r  r e s o u r c e s  i n  t h e  coun t ry .  

2. Begin t h e  i n v e n t o r y  by s t udy ing  s o i l s  and wa t e r  i n  and 
around a r e a s  be ing  c u l t i v a t e d  now. 

3 .  A s  soon a s  s a l t ,  d r a inage ,  s o i l  t e x t u r e  and p l a n t  
n u t r i e n t  c o n d i t i o n s  a r e  known, a s s i s t  t h e  moni tours  i n  
t h e  M i n i s t r y  o f  A g r i c u l t u r e  t o  work o u t  optimum 
c ropp ing  and s o i l  t r e a t m e n t  sequences  f o r  each  ga rden  
a r e a  and g i v e  t h i s  i n fo rma t ion  to  p r e s e n t  f a rmers .  

4. P l an  f o r  and encourage  expansion o f  a g r i c u l t u r e  around 
t h e  p r e s e n t  ga rdens  based on t h e  i nven to ry .  

5. Develop a  ca tchment  b a s i n  c ropp ing  exper iment  i n  two 
l o c a t i o n s .  Perhaps  Ar t a  and Day. 

6. Locate ,  t r a n s l a t e  and p u b l i s h  i n f o r m a t i o n  on 
agricultural resources and farming procedures for 
D j i b o u t i .  T h i s  cou ld  become a  handbook f o r  D j i b o u t i a n  
a g r i c u l t u r e .  

7. Develop p l a n s  f o r  e x p l o i t i n g  a l l  o f  D j i b o u t i a n  
a g r i c u l t u r a l  r e sou rce s .  

A p r o f i t a b l e  a g r i c u l t u r e  appears  t o  be p h y s i c a l l y  and 
economical ly  p o s s i b l e  i n  D j i b o u t i .  Nine a r e a s  were examined through 
v i s i t a t i o n ,  s t u d y  o f  w r i t t e n  i n fo rma t ion  o r  bo th .  I t  appea r s  t h a t  
from 100,000 t o  200,000 h e c t a r e s  o f  l and  a r e  r e a sonab ly  l e v e l ,  have  
n a t i v e  v e g e t a t i o n  growing and have some hope f o r  a t  l e a s t  a  s m a l l  
amount o f  groundwater  f o r  i r r i g a t i o n .  



Water w i l l  be t h e  l i m i t i n g  f a c t o r  i n  a l l  l o c a t i o n s .  Even 
r o u g h  estimates o f  w a t e r  a r e  more d i f f i c u l t  b u t  a " w i l d "  g u e s s  i s  t h a t  
t h e r e  m i g h t  be enough  g r o u n d w a t e r  t o  i r r i g a t e  b e t w e e n  2 0 0  and  1 0 , 0 0 0  
h e c t a r e s .  

T h e r e  a p p e a r s  t o  be some p o t e n t i a l  f o r  c o n s e r v i n g  w a t e r  w i t h  
dams a n d  g r o u n d w a t e r  r e c h a r g e  t h r o u g h  s p r e a d i n g  water from t h e  Wadis  
d u r i n g  r u n o f f .  

C a t c h m e n t  b a s i n  a g r i c u l t u r e  may be possible a n d  i f  i t  i s  t h e  
p o t e n t i a l  c o u l d  be i n  t h e  r a n g e  o f  2 0 , 0 0 0  t o  5 0 , 0 0 0  h e c t a r e s  o f  
c u l t i v a t e d  area. 

The  best  c h a n c e  f o r  s u c c e s s  a p p e a r s  t o  be d u r i n g  t h e  w i n t e r  
s e a s o n  a n d  t h e n  t h e r e  w i l l  be c h a n c e s  f o r  c r o p  f a i l u r e  b e c a u s e  of 
d r o u g h t .  I c o n c u r  i n  t h e  r e commenda t i on  t o  i n v e n t o r y  s o i l  and  w a t e r  
as  a b e g i n n i n g  p o i n t .  

I recommend t h a t  t h i s  i n v e n t o r y  b e g i n  a t  c u r r e n t  g a r d e n  
l o c a t i o n s  a n d  t h a t  t h i s  i n f o r m a t i o n  be i m m e d i a t e l y  made a v a i l a b l e  t o  
p r e s e n t  f a r m e r s .  

The  m o s t  f e a s i b l e  method o f  pumping w a t e r  a p p e a r s  t o  be w i t h  
d i e s e l  e n g i n e  p r i m e  movers .  I f  t h e  cost o f  w i n d m i l l s  c o u l d  be r e d u c e d  
t h e y  c o u l d  be u s e d  i n  t h e  same area. I n f o r m a t i o n  a b o u t  D j i b o u t i a n  
a g r i c u l t u r e  i s  f o u n d  i n  d i f f e r e n t  p l a c e s  a n d  i s  w r i t t e n  m o s t l y  i n  
F r e n c h  . I recommend t h a t  t h i s  i n f o r m a t i o n  be a s s e m b l e d ,  e d i t e d  and  
t r a n s l a t e d  i n t o  E n g l i s h .  T h i s  i n f o r m a t i o n  s h o u l d  be made w i d e l y  
a v a i l a b l e  t h r o u g h  some k i n d  of p u b l i c a t i o n ,  it m i g h t  be e v e n t u a l l y  
assembled i n t o  a handbook o f  D j i b o u t i a n  a g r i c u l t u r e .  I t  would c o n t a i n  
i n f o r m a t i o n  a b o u t  w h a t  c r o p s  m i g h t  be grown a s  w e l l  a s  how t o  grow 
them i n  a d d i t i o n  t o  i n f o r m a t i o n  o n  s o i l ,  w a t e r  and  human r e s o u r c e s .  

I I I. P r o c e d u r e  - a n d  S e q u e n c e  f o r  D e v e l o p i n g  Farms  - i n  D j i b o u t i  

A.  A l t e r n a t i v e  I - u s e  c o n v e n t i o n a l  e x t e n s i o n  to :  

1. Improve  p r e s e n t  farms 
2.  Expand p r e s e n t  f a r m s  
3 .  Deve lop  new f a r m s  n e a r  p r e s e n t  f a r m s  u s i n q  

p r e s e n t  p a t t e r n  
4. Deve lop  i r r i g a t i o n  p r o j e c t s  b a s e d  o n  d r i l l e d  

w e l l s  
5. Deve lop  p r o j e c t  a t  Mouloud 
6 .  Deve lop  p r o j e c t  n e a r  Loyada  
7. A t  a l l  o t h e r  p o i n t s  p o s s i b l e .  

A l t e r n a t i v e  I1 - a c o n t r a c t  o r g a n i z a t i o n :  

1. H i r e  a n  o r g a n i z a t i o n ,  g r o u p ,  o r  p e r s o n  who i s  
e x p e r i e n c e d  i n  d e s e r t  a g r i c u l t u r e  t o  d e v e l o p  
d e s i g n a t e d  areas. Pay would be based o n  
a g r i c u l t u r a l  p r o d u c t i o n  and knowledge  n a t i v e  
f a r m e r s  g a i n .  



Alternative I11 - a land and water concession: 

1. Give an experienced outside organization a 
land and water concession for  20  years  with 
t h e  proviso t h a t  t h i s  organization would 
develop agr icul ture  i n  specified areas  and 
then gradually s e l l  t h e i r  development t o  t h e i r  
laborers - farmers over a f i n i t e  period -- say 
15 t o  25 years. 

Catchment Basin Agriculture: 

1. Study and experimentation determine the 
f e a s i b i l i t y  of catchment basin agr icul ture .  

2 .  Expand t h i s  type of agr icul ture  t o  i t s  l i m i t s .  

On the previous page three a l te rna t ives  a re  l i s t ed  for  the  development 
of farms i n  Djibouti. I recommend the f i r s t  one, although the  second 
o r  th i rd  might produce f a s t e r  resu l t s ,  the f i r s t  one probably f i t s  
more easi ly  in to  the  thinking of most agr icul tural  workers who came 
from the U . S .  and a l so  the  o f f i c i a l s  i n  Djibouti. This a l te rna t ive  
can be accomplished i n  s teps.  

1. The f i r s t  s tep  would be t o  provide technical information t o  
the  people who are  now farming. They need t o  know: 

a .  How t o  manage t h e i r  water and s o i l  t o  reduce s a l t  
problems and maximize prof i t .  

b. What crops or  va r i e t i e s  t o  plant for  the  best y ie ld .  

c .  The f e r t i l i z e r ,  insect  and disease control procedures t o  
follow for  the most prof i table  agriculture.  

d .  Harvesting and handling procedures which w i l l  r e su l t  i n  a  
qua l i ty  product being delivered t o  market. 

In addition t o  information, a government subsidized and operated 
market cooperative which guaranteed a market and minimum pr ice  would 
be very desirable.  As the  farmers gain experience they could take 
over the operation of the cooperative. Hopefully, the  subsidy and 
pr ice  supports provided i n i t i a l l y  by the government could be removed 
a s  the farmers became more sk i l led  i n  agr icul tural  production and 
marketing procedure. 

A l l  of' t he  above objectives cannot be attained within the budget of 
$500,000 envisioned for  a Djibouti project.  Therefore, I recommend 
the  following steps: 

a )  Have the  s o i l  and water laboratory analyze the  s o i l  and water of 
the  present gardens. 



b )  Based on  t h e  s a l t  c o n t e n t  o f  t h e  w a t e r  and s o i l ,  n e e d s  o f  t h e  
p l a n t ,  and  t h e  a b i l i t i e s  o f  t h e  f a r m e r ,  d e v e l o p  a  p rogram o f  
c r o p s ,  i r r i g a t i o n  f r e q u e n c y  and  amount,  p l a n t i n g  p r o c e d u r e s ,  
l e a c h i n g  and d r a i n a g e  which  would a l l o w  t h e  f a r m e r  t o  make t h e  
m o s t  money. 

T h i s  a c t i v i t y  p rogram would be d e v e l o p e d  and c a r r i e d  t o  t h e  
f a r m e r s  b y  t h e  s o i l  and water team a l o n g  w i t h  t h e  a g r i c u l t u r a l  
e x t e n s i o n  ( m o n i t e u r  s y s t e m  i n  t h e  M i n i s t r y  o f  A g r i o c u l t u r e )  . TDY 
p e r s o n n e l  c o u l d  h e l p  h e r e .  

c )  Because  t h e r e  i s  a g a r d e n  a t  Mouloud now, it w i l l  be i n c l u d e d  i n  
steps o n e  and t w o .  A t  t h e  same t i m e  t h i s  i s  b e i n g  done  t h e  s o i l  
i n  t h e  u n c u l t i v a t e d  par t  o f  t h e  f e n c e d  a r e a  a t  Mouloud s h o u l d  be 
a n a l y z e d  i n  p r e p a r a t i o n  f o r  t h e  deve lopmen t  o f  a n  i r r i g a t i o n  
p r o j e c t  t h e r e .  

P e r h a p s  a n o t h e r  d o n o r  m i g h t  f i n a n c e  a f a r m i n g  p r o j e c t  h e r e .  
A l though  M .  Gasc s u g g e t e d  t h t  t h e  K i n i s t r y  o f  A g r i c u l t u r e  f e l t  
t h a t  a new w e l l  and new d iese l  e l ec t r i c  power u n i t  s h o u l d  be 
p r o v i d e d  t o  i r r i g a t e  t h e  f o u r  h e c t a r e s  now u n d e r  f e n c e  a t  
M O U ~ O U ~ ,  it a p p e a r s  t o  m e  t h a t  t h e  p r e s e n t  w e l l s  c a n  e a s i l y  
p r o v i d e  t h e  water and s t i l l  m e e t  t h e  w a t e r  n e e d s  o f  A l i  S a b i e h .  
R e p a i r  o f  t h e  t w o  e l ec t r i c  g e n e r a t o r s  which a r e  o u t  o f  o r d e r  
would p r o v i d e  needed  back-up power i n  c a s e  t h e  g e n e r a t o r  now i n  
u s e  s h o u l d  f a i l .  

A t  t h e  t i m e  s o i l  and water q u a l i t y  a r e  b e i n g  s t u d i e d  a t  a l l  o f  
t h e  g a r d e n  l o c a t i o n s ,  t h e  w a t e r  p r o d u c i n g  c a p a c i t y  o f  t h e  
a q u i f e r s  b e i n g  u s e d  s h o u l d  be d e t e r m i n e d  w i t h  a s  much p r e c i s i o n  
as p o s s i b l e .  F o r  example,  t h e  w e l l  a t  Mouloud h a s  b e e n  pumped 
f o r  5 y e a r s .  Measurement o f  p r e s e n t  s t a t i c  w a t e r  l e v e l  a l o n g  
w i t h  a  pumping t e s t  c o u l d  g i v e  some i n f o r m a t i o n  a b o u t  how much 
water t h e  a q u i f e r  c a n  p r o d u c e  o v e r  t h e  l o n g  term. 

Based o n  t h e  s o i l  and water t es t s  o f  l a n d  a d j a c e n t  t o  p r e s e n t  
f a r m s ,  t h e  M i n i s t r y  o f  A g r i c u l t u r e  s h o u l d  s u g g e s t  t h a t  t h o s e  
f a r m e r s  who have  unused  l a b o r  r e s o u r c e s  expand t h e i r  f a rms .  
W a t e r  w i l l  be c r i t i c a l .  More w a t e r  can be o b t a i n e d  i n  m a n y  
l o c a t i o n s  b y  u s i n g  p r e s e n t  power u n i t s  t o  pump from more t h a n  o n e  
w e l l .  Fami ly  l a b o r  may be u s e d  t o  d i g  a d d i t i o n a l  w e l l s  and  t h e s e  
k e e p  cost  down. The s m a l l  d iesel  pumps now b e i n g  used  c o u l d  be 
u s e d  f o r  pumping b e c a u s e ,  e x c e p t  a t  A s  S e l a  t h e  p r o d u c t i v i t y  o f  
t h e  w e l l  i s  t h e  l i m i t i n g  f a c t o r  r a t h e r  t h a n  t h e  pump. 

F e n c i n g  migh t  be s t o n e  o r  t h o r n  bush .  S e e  t h e  w r i t e - u p  o n  
f e n c i n g .  The water d i s t r i b u t i o n  s y s t e m  c o u l d  be t h e  s t o n e  f l u m e s  
wh ich  a re  used  a t  m o s t  g a r d e n s  now, o r  p l a s t i c  p i p e  wh icheve r  i s  
c h e a p e r .  The s t o n e  f l ume  r e q u i r e s  t h e  p u r c h a s e  o f  cement  f o r  
making m o r t a r  w h e r e a s  p i p e  d i s t r i b u t i o n  r e q u i r e s  t h e  p u r c h a s e  o f  
p l a s t i c  p i p e .  



3 .  Develop new farms n e a r  p r e s e n t  f a rms  

T h i s  p a r t  of t h e  e f f o r t  would b e  a  follow-on p r o j e c t  beg inn ing  
a f t e r  t h e  f i r s t  o r  second y e a r  of t h e  e f f o r t s  l i s t e d  i n  p a r t s  a )  
and  b ) .  

Elsewhere  i n  t h e  r e p o r t  t h e r e  i s  a t a b l e  w i t h  t h e  c o s t  f o r  pumping 
w a t e r ,  w i t h  d i e s e l  f u e l ,  and a n o t h e r  w i t h  t h e  c o s t s  f o r  pumpins w a t e r  
w i t h  windmi l l s .  These  c o s t s  s h o u l d  b e  checked,  b u t  t h e y  i n d i c a t e  t h a t  
f o r  a  dug w e l l  w i t h  a  y i e l d  of 8 . 6 6  m3/hr w i l l  produce w a t e r  t o  
i r r i g a t e  o n e  h e c t a r e  year-round a t  a  c o s t  of FD 174,000 (approx imat ley  
$ 1 , 0 0 0 ) .  A d i e s e l  e n g i n e  pump on t h e  same w e l l  w i l l  p roduce  t h e  same 
w a t e r  a t  a  c o s t  of FD 148,000 ( a p p r o x i m a t e l y  $846) .  

W e l l  and pump c o s t  were t a k e n  from M i n i s t r y  of A g r i c u l t u r e  d a t a .  
Windmill  c o s t s  w e r e  d e r i v e d  from 1976 p u b l i s h e d  c o s t s  by adding 
i n f l a t i o n  and t r a n s p o r t a t i o n .  A l l  c o s t  d a t a  s h o u l d  be checked a g a i n .  
The w e l l  c o s t s  seem h igh  t o  m e .  A w e l l ,  2 m e t e r s  i n  d i a m e t e r  and 10 
meters deep r e q u i r e d  removal of 32 m3 o f  d i r t ,  b u i l d i n g  t a n k s  t o  h o l d  
10-15 m3 of  w a t e r  and l i n i n g  p a r t  of t h e  w e l l  w i t h  s t o n e .  The c o s t  
f i g u r e  g i v e n  by t h e  M i n i s t r y  of A g r i c u l t u r e  i s  FD 1 ,583 ,000  o r  
$9,046.00.  

F o r  d r i l l e d  w e l l s  of v a r i o u s  d e p t h s  and y i e l d s  t h e  c o s t  p e r  h e c t a r e  
p e r  y e a r  f o r  w a t e r  r anges  from $298.00 t o  $1,538.00.  

T h e s e  numbers i n d i c a t e  t h a t  dug w e l l s  a r e  p robab ly  t h e  most economical  
s o u r c e  of  w a t e r  i f  t h e  y i e l d  i s  good. To reduce  cost of dug w e l l  w a t r  
when y i e l d  i s  poor ,  4  w e l l s '  may b e  connected  t o  a  s i n g l e  pump. 
P r o v i d i n g  i n f o r m a t i o n  w i l l  b e  t h e  e x t e n t  of USAID a c t i v i t y  on 
expans ion  a c t i v i t y  dur ing  t h e  i n i t i a l  p r o j e c t .  

I f  i n f o r m a t i o n  developed d u r i n g  t h e  i n i t i a l  p e r i o d  i s  f a v o r a b l e ,  t h e n  
a fol low-on p r o j e c t  cou ld  b e  developed t o  p r o v i d e  c r e d i t  and t e c h n i c a l  
e x p e r t i s e  t o  encourage  expansion.  

4. Develop I r r i g a t i o n  P r o j e c t  Based on - D r i l l e d  Wel l s  

Wells d r i l l e d  i n t o  deeper  a q u i f e r s  a r e  1 i k e l y . t o  p r o v i d e  a  more 
r e l i a b l e  w a t e r  supp ly  t h a n  s h a l l o w  dug w e l l s .  These a q u i f e r s  a r e  
r e s o u r c e s  which can b e  developed i n  a d d i t i o n  t o  t h e  sha l low 
a q u i f e r s .  

The w e l l s  a t  Mouloud a r e  i n  p l a c e  a l o n g  w i t h  a  f enced  a r e a ,  it 
s h o u l d  b e  e a s y  t o  develop t h i s  a r e a .  I f  w a t e r  can b e  d e d i c a t e d  
t o  a g r i c u l t u r e  n e a r  D j i b o u t i ,  t r a n s p o r t a t i o n  d i f f i c u l t i e s  would 
be much less. 

5.  During t h e  i n i t i a l  6  t o  18 months of t h e  p r o j e c t ,  deve lop  a 
fol low-on p l a n  f o r  more comple te  development of  D j i b o u t i a n  
a g r i c u l t u r a l  r e s o u r c e s .  



6 .  Catchment  B a s i n  A g r i c u l t u r e  

T h e r e  i s  n o t  n e a r l y  enough w a t e r  i n  D j i b o u t i  t o  i r r i g a t e  a l l  t h e  
l a n d  h a v i n g  s u i t a b l e  t e r r a i n  and  s o i l .  N o  d o u b t  most o f  t h i s  
l a n d  w i l l  c o n t i n u e  t o  be u s e d  f o r  g r a z i n g  b u t  t h e r e  may be t h e  
p o t e n t i a l  f o r  a  c o n s i d e r a b l e  i n c r e a s e  i n  a g r i c u l t u r e  t h r o u g h  
ca t chmen t  b a s i n  a g r i c u l t u r e .  

The U.S. n a t i o n a l  academy o f  s c i e n c e s  h a s  p u b l i s h e d  a  book "More 
Wate r  f o r  A r i d  L a n d s , "  wh ich  d e s c r i b e s  t h e  p r o c e d u r e .  P e t e r s o n ,  
i n  h i s  r e p o r t  s u g g e s t e d  t h a t  t h i s  p r o c e d u r e  migh t  be a p p l i c a b l e  
t o  D j i b o u t i .  I a g r e e  w i t h  t h i s  s u g g e s t i o n .  I n  c a t c h m e n t  b a s i n  
a g r i c u l t u r e ,  l a n d  i s  s e p a r a t e d  i n t o  p l o t s  by l e v e e s .  On t h e  
d o w n h i l l  s i d e  of  e a c h  p l o t  a  b a s i n  i s  dug.  The w a t e r  f rom t h e  
r e m a i n d e r  o f  t h e  p l o t  r u n s  o f f  and  c o l l e c t s  i n  t h e  b a s i n  and  i n  
e f f e c t  m u l t i p l i e s  t h e  r a i n f a l l  f o r  t h a t  a r e a .  An i d e a l  s o i l  
would be d e e p  a n d  h a v e  a  l a r g e  f i e l d  c a p a c i t y  ( w a t e r  h o l d i n g  
a b i l i t y ) .  C r o p s  t o  be grown w i l l  depend  o n  t h e  amount and  
d i s t r i b u t i o n  o f  r a i n f a l l .  I f  r a i n f a l l  i s  w e l l - d i s t r i b u t e d  
t h r o u g h  t h e  y e a r ,  t ree  c r o p s  s u c h  a s  mangoes and  d a t e s  may be 
grown. I f  it i s  c o n c e n t r a t e d  i n  a  short t i m e  p e r i o d ,  c r o p s  s u c h  
a s  t o m a t o e s  o r  d u r a  mus t  be grown. Some D j i b o u t i  r a i n f a l l  d a t a  
i s  a t t a c h e d  t o  t h i s  p a p e r .  

I V .  P o t e n t i a l  A r e a s  a n d  P r o c e d u r e s  f o r  A g r i c u l t u r a l  Development 

A .  P e t i t  B a r a  

The c e n t r a l  p a r t  o f  t h e  P e t i t  Bara  i s  a  l e v e l  p l a i n  a n d  h a s  
t o p o g r a p h y  which i s  i d e a l  f o r  a g r i c u l t u r a l  o p e r a t i o n s .  T h e r e  a r e  some 
s t o n e s  on t h e  l a n d  b u t  t h e  r emova l  p rob lem w i l l  n o t  be g r e a t .  J u d g i n g  
f rom t h e  t o p o g r a p h i c  map I e s t i m a t e  t h a t  be tween  5 ,000  a n d  1 0 , 0 0 0  
h e c t a r e s  o f  l a n d  i s  i d e a l l y  s u i t e d  f o r  c u l t i v a t i o n  a n d  t h a t  an  
a d d i t i o n a l  4 ,000  t o  8 , 0 0 0  h e c t a r e s  o f  l a n d  i s  a v a i l a b l e  on  t h e  f r i n g e s  
which  is  s t e e p e r  and  more r o c k y  b u t  c o u l d  be c u l t i v a t e d .  T h e r e  i s  
v e g e t a t i o n  on a l l  o f  t h i s  p l a i n  which  i n d i c a t e s  t h a t  some k i n d  o f  
a g r i c u l t u r e  i s  p o s s i b l e  a s  f a r  a s  s o i l  i s  c o n c e r n e d .  

F u r t h e r m o r e ,  t h i s  p l a n  i s  on a  paved r o a d  l e a d i n g  t o  
D j i b o u t i  a p p r o x i m a t e l y  60-70 k i l o m e t e r s  away. B e f o r e  any  l a r g e  
a g r i c u l t u r a l  deve lopmen t  i s  s t a r t e d  s o i l  t e s t  s h o u l d  be made i n  o r d e r  
t o  d e t e r m i n e  s a l t  a n d  p l a n t  n u t r i e n t  c o n t e n t .  

The e l e v a t i o n  o f  t h e  P e t i t  B a r a  i s  575 m.a.s. 1. a n d  t h u s  
s h o u l d  h a v e  somewhat cooler t e m p e r a t u r e s  t h a n  t h o s e  r e c o r d e d  i n  t h e  
c i t y  o f  D j i b o u t i .  I f  w a t e r  w e r e  a v a i l a b l e  t h i s  p l a i n  would h a v e  g r e a t  
a g r i c u l t u r a l  p o t e n t i a l .  

The  d r y  h o l e s  found  i n  t h e  s e a r c h  f o r  w a t e r  a r e  d i s c o u r a g i n g  
b u t  t h e  s e a r c h  s h o u l d  be c o n t i n u e d  u n d e r  t h e  d i r e c t i o n  o f  a n  e x p e r t .  
I would p l a c e  t h i s  a r e a  t h i r d  i n  p r i o r i t y  f o r  development .  



I f  i r r i g a t e d  a g r i c u l t u r e  i s  n o t  p o s s i b l e  f o r  any  p a r t  o f  t h e  
p l a i n ,  c a t c h m e n t  b a s i n  a g r i c u l t u r e  migh t  be p o s s i b l e .  I n  f a c t ,  i f  
e x p l o r a t i o n  f o r  g r o u n d w a t e r  i s  t o  be d e l a y e d  f o r  a few y e a r s ,  I would 
s u g g e s t  t h a t  t h e  1 5  h e c t a r e  p l o t  which h a s  b e e n  c l e a r e d  o f  s t o n e s  be 
u s e d  a s  a n  a r e a  f o r  c a t c h m e n t  b a s i n  e x p e r i m e n t .  I f  t h e  who le  p l a i n  
w e r e  u s e d  as a c a t c h m e n t  b a s i n  a r e a  a n d  i f  t h e  c u l t i v a t e d  a r e a  r u n o f f  
a r e a  were 1-8, t h e  c r o p p i n g  a r e a  would be 1 ,7000  h e c t a r e s .  I f  y i e l d s  
were 10  t o n s  o f  tomatoes p e r  h e c t a r e ,  t h e  f o o d  t o n n a g e  a v a i l a b l e  t o  
t h e  D j i b o u t i  m a r k e t  would be 1 7 , 0 0 0  t o n s .  Of c o u r s e ,  o t h e r  f r u i t s  and  
v e g e t a b l e s  m i g h t  be grown. 

The  l i m i t i n g  f a c t o r  f o r  d e v e l o p i n g  i r r i g a t e d  a g r i c u l t u r e  on  
t h e  P e t i t  Ba ra  i s  w a t e r .  I f  s a t i s f a c t o r y  g r o u n d w a t e r  s u p p l i e s  c a n  be 
l o c a t e d  and  d e v e l o p e d ,  t h e  P e t i t  B a r a  c a n  make l a r g e  c o n t r i b u t i o n s  t o  
t h e  a g r i c u l t u r e  o f  D j i b o u t i .  I f  i r r i g a t i o n  a g r i c u l t u r e  i s  n o t  
p o s s i b l e ,  t h e n  t h e  c o n t r i b u t i o n s  made by c a t c h m e n t  b a s i n  a g r i c u l t u r e  
w i l l  n o t  be i n c o n s e q u e n t i a l .  

Development  P r o c e d u r e  - - I r r i g a t e d  ~ g r i c u l t u r e  

1. F i n d  a n d  e v a l u a t e  q u a n t i t y  a n d  q u a l i t y  o f  w a t e r .  

2 .  T e s t  t h e  s o i l .  

3 .  P l a n  t h e  s y s t e m  a n d  d e t e r m i n e  costs. 

4 .  De te rmine  t h e  l a n d  t e n u r e  sys t em and  p r o c e d u r e  f o r  q o v e r n i n g  t h e  
p r o j e c t .  

5 .  D e t e r m i n e  t r a i n i n g  p r o c e d u r e s .  

6. R e c r u i t  f a r m e r s .  

7 .  I n s t a l l  t h e  p r o j e c t .  

D e v e l o ~ m e n t  P r o c e d u r e  f o r  Ca tchment  B a s i n  A a r i c u l t u r e  

1. Run a 2-3 y e a r  e x p e r i m e n t  t h a t  b e g i n s  w i t h  .1 h e c t a r e  o f  c r o p p e d  
l a n d  t h e  f i r s t  y e a r  a n d  i n c r e a s e s  t o  1 h e c t a r e  i n  t h i r d  y e a r .  

2 .  A s  soon  as  p o s s i b l e  se t  up  a  s m a l l  w e a t h e r  s t a t i o n  t o  r e c o r d  
t e m p e r a t u r e ,  r a i n f a l l ,  wind s p e e d  and  h u m i d i t y .  

3 .  When d a t a  is  a v a i l a b l e  compare t h e  b e n e f i t s  o f  c a t c h m e n t  b a s i n  
a g r i c u l t u r e  w i t h  g r a z i n g  by a n i m a l s .  I f  t h e  b e n e f i t s  f a v o r  
c a t c h m e n t  b a s i n  a g r i c u l t u r e ,  expand t o  c o v e r  t h e  e n t i r e  p l a n .  

Summary 

P o s s i b l e  area f o r  i r r i g a t e d  a g r i c u l t u r e  1 4 , 0 0 0  h e c t a r e s  i f  water c a n  
be l o c a t e d .  I f  t h e r e  i s  no  g roundwa te r ,  t h e  c u l t i v a t e d  a r e a  u n d e r  
c a t c h m e n t  b a s i n  a g r i c u l t u r e  would be 1 , 7 0 0 .  



C a u t i o n s  

1. Areas  were e s t i m a t e d  by d r i v i n g  a c r o s s  t h e  b a s i n  and a  rough 
measurement of d i s t a n c e s  on a  t o p o g r a p h i c  map. T h e  s c a l e  o f  t h e  
map was 1-200,000. 

2.  Discovery of  f o s s i l  w a t e r  c o u l d  a l l o w  i r r i g a t i o n  of  t h e  whole 
b a s i n ,  however, t h i s  i s  u n l i k e l y .  A q u i f e r s  r e p l e n i s h e d  by r a i n  
would s u p p o r t  a  much s m a l l e r  i r r i g a t e d  a r e a  on a  p e r p e t u a l  b a s i s .  

3 .  The f e a s i b i l i t y  o f  catchment  b a s i n  a g r i c u l t u r e  w i l l  be determined 
by t h e  amount and t ime  d i s t r i b u t i o n  o f  r a i n f a l l ,  dep th  and 
m o i s t u r e  h o l d i n g  c a p a c i t y  of t h e  s o i l  a s  w e l l  a s  human f a c t o r s  
and market  c o n d i t i o n s .  

Human B e n e f i t s  

Allowing 2  h e c t a r e s  of  l a n d  f o r  each f a m i l y ,  run-off  a g r i c u l t u r e  cou ld  
b e n e f i t  800 t o  1 ,000  f a m i l i e s .  I f  a  ve ry  l a r g e  w a t e r  supp ly  w e r e  
d i s c o v e r e d  and developed i r r i g a t e d  a g r i c u l t u r e  i n  t h i s  b a s i n  c o u l d  
b e n e f i t  8 ,000  t o  10,000 f a m i l i e s  i f  t h e y  were a l lowed 1 h e c t a r e  each.  

S t a t e m e n t s  abou t  t h e  P e t i t  Bara made by Pouchon, Broadnax and P e t e r s o n  
s h o u l d  be s t u d i e d  i n  r e l a t i o n  t o  t h i s  a r e a .  

B .  Grand Bara 

The c e n t r a l  p a r t  o f  t h e  Grand Bara i s  covered  by what t h e  
French c a l l  a  s t e r i l e  c l a y .  No v e g e t a t i o n  grows h e r e .  T h i s  c l a y  
c o v e r s  an a r e a  of from 15 t o  20 k i l o m e t e r s  by 3 t o  5  k i l o m e t e r s .  T h i s  
means t h a t  45 t o  100 s q u a r e  k i l o m e t e r h a s  no v e g e t a t i o n .  Because l a n d  
i s  n o t  a  l i m i t i n g  f a c t o r  i n  a g r i c u l t u r e  one  would n o t  normal ly  
c o n s i d e r  doing any th ing  t o  t h i s  s t e r i l e  a r e a .  However, b e c a u s e  t h i s  
a r e a  c o l l e c t s  w a t e r  on i t s  s u r f a c e  from t h e  rest of  t h e  b a s i n  a f t e r  
each run-off  producing r a i n  it i s  a  n a t u r a l  w a t e r  h a r v e s t  a r e a .  I f  
some i n e x p e n s i v e  t r e a t m e n t  c o u l d  make t h i s  l a n d  grow c r o p s  it cou ld  be 
used f o r  producing food. For t h i s  reason t h e  s o i l  h e r e  should be 
a n a l y z e d  w i t h  t h e  though t  t h a t  some t r e a t m e n t  miqht  r e c l a i m  it f o r  
a g r i c u l t u r e .  

Pouchon s t a t e d  t h a t  t h e  Grand Bara b a s i n  encompasses a  t o t a l  
o f  800 s q u a r e  k i l o m e t e r  I e s t i m a t e  t h a t  t h e  a r e a  between t h e  s t e r i l e  
c l a y  and t h e  mountains t o  be  100 t o  200 s q u a r e  k i l o m e t e r .  T h i s  l a n d  
c o u l d  be c u l t i v a t e d  w i t h  f a i r l y  e a s y  l a n d  p r e p a r a t i o n  i f  w a t e r  were 
a v a i l a b l e . '  

The Grand Bara which i s  a b o u t  100 k i l o m e t e r s  from D j i b o u t i  
i s  u n l i k e  t h e  P e t i t  Bara i n  t h a t  s i g n i f i c a n t  amounts of w a t e r  have  
been d i s c o v e r e d .  There  a r e  2  w e l l s  a b o u t  15  meters a p a r t .  Depth 
g i v e n  by government d a t a  i s  8 0  meters w i t h  s t a t i c  l e v e l  of 55 meters 
below ground s u r f a c e .  Pouchon s a y s  t h e  s p e c i f i c  d i s c h a r g e  i s  50 c u b i c  
m e t e r s  p e r  hour  p e r  meter of  drawdown. T h i s  i n d i c a t e s  a  p o s s i b l e  
y i e l d  o f  1 ,000  c u b i c  m e t e r s / h r  w i t h  a  20 meter drawdown. 



These  w e l l s  f u r n i s h  w a t e r  t o  A l i  Sab ieh .  E v i d e n t l y ,  t h e  
amount f u r n i s h e d  i s  abou t  700 t o  1 ,000  m3/day. I f  t h i s  a q u i f e r  cou ld  
s t a n d  c o n t i n u o u s  pumping, t h e  remaining w a t e r  cou ld  i r r i g a t e  abou t  300 
h e c t a r e s .  I t  would seem t h a t  t h e  p o t e n t i a l  of  t h i s  a q u i f e r  shou ld  b e  
s t u d i e d  w i t h  a  h i g h  p r i o r i t y  because  o f  t h e  a g r i c u l t u r a l  p o t e n t i a l .  

The l a n d  around t h e  w e l l  i s  f a i r l y  l e v e l  and c o u l d  b e  e a s i l y  
p r e p a r e d  f o r  a g r i c u l t u r e .  I n  f a c t ,  some l and  ( 4  h e c t a r e s  a c c o r d i n g  t o  
t h e  man do ing  t h e  farming)  i s  a l r e a d y  under f e n c e  and about  1 / 4  
h e c t a r e  was farmed l a s t  y e a r  and i s  i n  wa te r  melons now. 

The farmer  s a i d  h e  grew tomatoes  and egg p l a n t s  d u r i n g  t h e  
w i n t e r .  He a l s o  was growing a few t r e e s  c o n s i s t i n g  o f  o r a n g e s ,  lemons 
and a legume which produced e d i b l e  beans .  He had been farming 2 
y e a r s .  A t  one  t i m e  h e  had been on t h e  p o l i c e  f o r c e  i n  D j i b o u t i  and 
had l e a r n e d  t o  farm by watching t h e  g a r d e n e r s  t h e r e .  

The l a n d  and w a t e r  was f r e e  f o r  t h i s  o p e r a t i o n  and h e  g o t  t o  
keep  a l l  t h e  money c o l l e c t e d .  H e  s a i d  t h a t  t h e r e  would b e  400 w a t e r  
melons on t h e  p l o t  t h i s  y e a r .  I e s t i m a t e d  t h a t  h e  had .16 h e c t a r e s  i n  
c u l t i v a t i o n .  I f  t h e  w a t e r  melons weighed 3 k i l o s  each h e  would g e t  
1 , 2 0 0  k i l o s .  H e  s a i d  h e  r e c e i v e d  FD 70 (18  c e n t s  p e r  pound) p e r  k i l o .  
H i s  melon income would b e  FD 8 ,400 ($480) .  A s  I u n d e r s t a n d  it t h e  
most l u c r a t i v e  c r o p  i s  tomatoes .  H e  s a i d  t h a t  h e  grew t o m a t o e s  and 
egg p l a n t  i n  w i n t e r .  A l l  t h e  above w e i g h t s  and a r e a s  a r e  e s t i m a t e s  
and c o u l d  b e  i n  e r r o r  i n  e i t h e r  d i r e c t i o n  b u t  i l l u s t r a t e  t h a t  an 
i n e x p e r i e n c e d  p e r s o n  w i t h  a  p r o f i t  mot ive  can  l e a r n  t o  farm i n  some 
manner and make f a i r  c r o p s .  With p roper  uu idance  and e x p e r i e n c e  h e  
w i l l  v e r y  l i k e l y  improve h i s  s k i l l s .  T h i s  man had a v e r y  p o s s e s s i v e  
f e e l i n g  toward t h e  l a n d  h e  was working. With a  p r o f i t  mot ive  many 
p e o p l e  i n  D j i b o u t i  might  become farmers .  

I t  was s t a t e d  above t h a t  under  t h e  most o p t i m i s t i c  set  o f  
c i r c u m s t a n c e s  t h a t  t h e  w e l l s  a t  Mouloud might i r r i g a t e  300 h e c t a r e s  i n  
a d d i t i o n  t o  f u r n i s h i n g  w a t e r  t o  A l i  Sabieh .  The number o f  a c r e s  c o u l d  
be f a r  less. These w e l l s  have  been pumped s i n c e  1973. Measurement o f  
s t a t i c  l e v e l  and drawdown now would g i v e  a  bet ter  i d e a  o f  w e l l  
p o t e n t i a l .  A d d i t i o n a l  d r i l l i n g  a t  nearby s i tes  would g i v e  a  b e t t e r  
e s t i m a t e  o f  t h e  a q u i f e r  p o t e n t i a l .  The p r o d u c t i o n  p o t e n t i a l  o f  t h i s  
a q u i f e h o u l d  be e v a l u a t e d  as  soon as p o s s i b l e .  

M .  Gasc o f  t h e  M i n i s t e r  of  A g r i c u l t u r e ' s  O f f i c e  s a i d  t h e  
government would a l l a w  a 4 h e c t a r e  exper imenta l  i r r i g a t i o n  p l o t  t o  be 
developed a t  Mouloud. Judging from t h e  above i n f o r m a t i o n  t h e r e  may b e  
enough w a t e r  t o  i r r i g a t e  f a r  more i n  t h i s  l o c a t i o n .  Because o f  t h e  
p r o x i m i t y  t o  t h e  road ,  t h e  a v a i l a b i l i t y  of  l a n d ,  and p r e v i o u s  
success . e s  t h e  e x p l o r a t i o n  o f  t h e  Grand Bara f o r  w a t e r  shou ld  c o n t i n u e  
under t h e  g u i d a n c e  of  e x p e r t s  knowledgeable i n  groundwater  
development .  

The l a n d  which i s  n o t  i r r i g a t e d  might  be farmed w i t h  
ca tchment  b a s i n  a g r i c u l t u r e  i f  t h e  p rocedure  shou ld  prove  t o  be 
f e a s i b l e .  The c u l t i v a t e d  a r e a  under catchment  b a s i n  a g r i c u l t u r e  would 
be i n  t h e  range  o f  1 ,000  t o  2 ,000 h e c t a r e s .  



Development P r o c e d u r e  - - I r r i g a t e d  A g r i c u l t u r e  

1. S e t  up a n  i r r i g a t i o n  p r o j e c t  a t  Mouloud u s i n g  7 f a m i l i e s  ( l e t  the  
p r e s e n t  f a r m e r  k e e p  1 / 2  h e c t a r e ) .  T h i s  would t a k e  c a r e  o f  t h e  4 
h e c t a r e s  now under  f e n c e .  

2. Have a  competent  e x p e r t  s t u d y  t h e  p r e s e n t  w e l l s  and ,  b a s e d  on h i s  
s t u d y ,  p l a n  a n  e x p a n s i o n  o f  Mouloud farming a r e a .  

3 .  D r i l l  a d d i t i o n a l  e x p l o r a t o r y  w e l l s .  

4.  T e s t  t h e  s o i l .  

5.  P l a n  t h e  i r r i g a t i o n  sys tem and d e t e r m i n e  costs. 

6. Determine l a n d  t e n u r e  sys tem and how t h e  p r o j e c t  w i l l  b e  
governed .  

7. I n s t a l l  t h e  p r o j e c t .  

D e v e l o ~ m e n t  P r o c e d u r e  f o r  Catchment  B a s i n  A s r i c u l t u r e  

1. S e t  up a  s m a l l  w e a t h e r  s t a t i o n  t o  r e c o r d  maximum and minimum 
t e m p e r a t u r e  d a i l y ,  r a i n f a l l ,  wind speed and h u m i d i t y .  O p e r a t e  
t h i s  s t a t i o n  c o n t i n u o u s l y .  

2. Await t h e  r e s u l t s  o f  t h e  P e t i t  Bara  ca tchment  b a s i n  s t u d y .  

3.  I f  t h e s e  r e s u l t s  a r e  p o s i t i v e ,  b e g i n  t o  d e v e l o p  ca tchment  b a s i n  
a g r i c u l t u r e  i n  t h e  Grand Bara  and expand it u n t i l  a l l  s u i t a b l e  
l a n d  i s  u t i l i z e d .  T h i s  c o u l d  r a n g e  from 1 ,000  t o  3 , 0 0 0  h e c t a r e s  
o f  c u l t i v a t e d  a r e a .  

P o s s i b l e  a r e a  f o r  i r r i g a t e d  a g r i c u l t u r e  i s  10 ,000 t o  20 ,000 h e c t a r e s .  
P o s s i b l e  c ropped a r e a  under  ca t chment  b a s i n  a g r i c u l t u r e  1 , 0 0 0  t o  2 , 0 0 0  
h e c t a r e s .  

C a u t i o n s  

S e e  c a u t i o n s  under  P e t i t  Rara.  A l l  t h e s e  c a u t i o n s  a p p l y  h e r e .  

Human B e n e f i t s  

Al lowing 2 h e c t a r e s  o f  c u l t i v a t e d  l a n d  under  run-off  a g r i c u l t u r e  500 
t o  1 , 5 0 0  f a m i l i e s  c o u l d  b e n e f i t .  

I f  w a t e r  w e r e  a v a i l a b l e ,  10 t o  20  t h o u s a n d  f a m i l i e s  c o u l d  b e n e f i t  by 
a l l w i n g  o n e  h e c t a r e  o f  l a n d  p e r  f a m i l y .  

S t a t e m e n t s  a b o u t  t h e  Grand Bara  made by Pouchon, P e t e r s o n  and Broadnax 
s h o u l d  be s t u d i e d .  



C .  Hanle P la in  and C h e i k e i t t i  Basin - 
Much of t h i s  p la in  was covered by bushes which were 1 t o  2 

meters high, and they were spaced a few meters apar t .  The bushes had 
co l l ec ted  blowing s o i l  and sand and thus were on mounds. I t  had 
rained t he  night  before we v i s i t e d  t he  p la in  and one of our vehic les  
was stuck a s  it t r i e d  t o  c ross  a  small wadi. We d i d  not reach t h e  
garden which was our objec t ive  but  it was reported t o  be successful ly  
producing f r u i t s  and vegetables.  Wind may be a  problem here. 

Pouchon r epo r t s  t he  p l a i n  a s  having an area  of 400 square 
kilimetersand the  t o t a l  basin a s  1,700 square kilometers. The 
Che ike i t t i  basin wadi flows i n t o  t h e  Hanle p la in .  Pouchon r epo r t s  t h e  
t o t a l  area fo r  t he  Che ike i t t i  bas in  a s  1,100 square kilometers.  On 
t h e  map the  l eve l  a rea  i n  t he  Che ike i t t i  appears t o  be much smaller  
than t he  l eve l  a r e a i n  t heHan le .  Perhaps t he  area i s  50 t o  100 
square kilometers.  

The center  of t he  Hanle p la in  i s  approximately 200 
kilometers from the  c i t y  of Djibouti .  Much of t he  road i s  not paved. 
For t h i s  reason it seems advisable t o  grow crops which a r e  easy t o  
t r anspor t .  Peterson suggests  t h a t  t h e  shallow water t a b l e  he re  might 
be  reached by p l an t  roots .  This procedure would involve i r r i g a t i o n  
u n t i l  t he  crop was es tabl ished then when t h e  p lan t  roots  reached t he  
water t a b l e  i r r i g a t i o n  would no longer be needed. I f  a l f a l f a  could be 
used, l ives tock production i n  t h e  a rea  could be increased. 

Another crop t h a t  might be managed i n  t he  same way i s  da tes .  
Dates servive i n  dry areas  with brackish water b e t t e r  than o ther  
crops. Dates would have t he  advantage of being ea s i l y  t ransported t o  
market . 

The amount of f l a t  land i n  these  p l a in s  i s  estimated t o  be 
400 t o  600 square kilometers o r  40,000 t o  60,000 hectares .  According 
t o  Pouchon, t he r e  i s  very s h a l l w  groundwater along the3 wadi. He 
a l so  gives da ta  from one well a t  L i l l i  va Bourri. This well produced 
40 cubic meters/hr of water with 2 meters of drawdown. S t a t i c  l eve l  
of  t h e  water i s  8 . 2  meters below ground leve l  with 60 meters of 
sa tu ra ted  aquifer  belaw s t a t i c  l eve l .  Pouchon said t he  s torage  
capaci ty of the  aquifer  seemed t o  be high. 

Development Procedure - - I r r i g a t e d  and Run-off Agricul ture 

See t h i s  same top ic  under P e t i t  Bara. The same procedure i s  
recommended except Peterson's  suggestion f o r  t ry ing t o  g e t  p l an t s  
which w i  11 t a p  groundwater without i r r i g a t i o n  should be t r i e d .  

Summary 

There appears t o  be 400 t o  600 square kilometers of land which might 
be i r r i g a t e d  ( s ee  Pouchon's comments on s a l t  content ) .  I f  enough 
water were ava i l ab le  t h i s  basin would have 40,000 t o  60,000 hectares  
which could be cropped. Under run-off ag r i cu l t u r e  t h i s  number would be 
4,000 t o  10,000 hec ta res ,  



C a u t i o n s  

S e e  t h i s  t o p i c  under  P e t i t  Bara. Also, wind may be more o f  a  problem. 
The same i s  t r u e  f o r  t r a n s p o r t a t i o n .  

Human B e n e f i t s  

Allowing 2 h e c t a r e s  o f  c u l t i v a t e d  l and  p e r  f a m i l y  ca tchment  b a s i n  
a g r i c u l t u r e  i n  t h i s  a r e a  cou ld  b e n e f i t  2 ,000 t o  3 ,000  f a m i l i e s .  I f  an  
u n l i m i t e d  w a t e r  s u p p l y  w e r e  a v a i l a b l e  i r r i g a t e d  a g r i c u l t u r e  cou ld  
b e n e f i t  40,000 t o  60,000 f a m i l i e s  i f  t h e y  had one  h e c t a r e  each.  
Comments by  Pouchon, Broadnax and P e t e r s o n  shou ld  be s t u d i e d .  

D. Gobaad P l a i n  

A s  w i t h  t h e  o t h e r  a r e a s  f l a t  l a n d s  w e r e  e s t i m a t e d  from a  
t o p o g r a p h i c  map. The a r e a  appeared  t o  be i n  t h e  20,000 t o  40,000 
h e c t a r e  r ange .  

Pouchon h a s  i n d i c a t e d  t h a t  t h e r e  i s  p o t e n t i a l  f o r  good 
groundwater  i n  t h i s  p l a i n .  Some o f  it h a s  been  proven.  H e  a l s o  
s t a t e s  t h a t  approx imate ly  20 m i l l i o n  c u b i c  meters o f  w a t e r  f lows o u t  
o f  t h i s  p l a i n  i n t o  Lake Abbe. I f  t h i s  w a t e r  cou ld  be saved through 
groundwater  r e c h a r g e  a lmos t  1 ,000  h e c t a r e s  c o u l d  be i r r i g a t e d  w i t h  i t .  

Pouchon g i v e s  t h e  r e s u l t s  o f  a  b o r e  h o l e  i n  t h e  Sabal  lou  
a r e a  o f  t h i s  p l a i n .  S t a t i c  l e v e l  was 9 . 5  meters below t h e  s o i l  
s u r f a c e .  There  was 90 mete r s  o f  s a t u r a t e d  bed.  Discharge  was 75  
c u b i c  m e t e r s / h r  w i t h  11 m e t e r s  drawdown. T h i s  w e l l  might  i r r i g a t e  
between 100 and 200 h e c t a r e s  i f  i t  could  s u s t a i n  c o n t i n u o u s  pumping. 

I t  i s  s u f f i c i e n t  t o  s a y  t h a t  t h e r e  i s  enough f l a t  l and  i n  
t h i s  b a s i n  t o  a l l o w  u s e  o f  a l l  o f  t h e  w a t e r  supp ly  which might h e  
found.  I f  ca tchment  b a s i n  a g r i c u l t u r e  w e r e  p r a c t i c a l ,  t h e r e  i s  a  
p o t e n t i a l  f o r  2 ,000  t o  4 ,000  h e c t a r e s  o f  c u l t i v a t e d  l a n d .  

Development P r o c e d u r e  

S e e  t h i s  same t o p i c  under P e t i t  Bara. The l i m i t i n g  f a c t o r  i n  
d e v e l o p i n g  w i l l  be a s  i n  a l l  o t h e r  l o c a t i o n s ,  w a t e r .  

C a u t i o n s  

S e e  t h i s  same t o p i c  under  P e t i t  Bara. 

Human B e n e f i t s  

Allowing 2  h e c t a r e s  o f  c u l t i v a t e d  l and  p e r  f ami ly  ca tchment  b a s i n  
a g r i c u l t u r e  cou ld  b e n e f i t  1 , 0 0 0  t o  2 ,000 f a m i l i e s .  I f  u n l i m i t e d  w a t e r  
s u p p l y  w e r e  a v a i l a b l e ,  t h e  number would be 20,000 t o  40,000.  



E .  Ambouli Basin 

This basin i s  adjacent t o  Djibouti. I t  contains a number of 
gardens of .1 t o  1 hectare, each i n  the  area of Atat, Ambouli and 
other  places. We v is i ted  4 of these gardens. Three were privately 
owned. Two were cul t ivated by the  owners who reported t h a t  they were 
making a p ro f i t .  The groundwater basin has been explored here i n  m r e  
d e t a i l  than i n  o ther  places i n  t he  country. 

The c i t y  of Djibouti i s  using 20,000 cubic meters of water 
from t h i s  basin each day. The estimated maximum yield  i s  28,000 cubic 
meters per day. Leo Heindl, the  hydrologist on t h e  team, thinks t h a t  
t h i s  estimate i s  on the  low side.  

There a re  several  options open t o  the  c i ty .  One would be t o  
dedicate the  remaining 8,000 cubic meters/day t o  agr icul ture .  This 
would i r r i g a t e  about 115 hectares of land. With t h i s  option it  would 
be necessary t o  reduce per capita consumption of water as  the  c i t y  
grows o r  ge t  water from other sources. Measures fo r  reducing water 
consumptions might include increasing the  pr ice  of water and/or 
requiring a l l  new and replacement water using appliances t o  be of t he  
water conservation type. Another option would be t o  build.  a dam 
across the  Ambouli wadi near the  Arta road and save water t h a t  would 
r u n  i n t o  the  sea. 

I t  i s  probable t h a t  t h i s  reservoir  would be f i l l e d  up f a i r l y  
rapidly with rocks and other  material brought i n  by the  flowing water. 
Even i f  t h i s  happened 30 t o  40 percent of t he  volume behind the  dam 
would be avai lable  for  storage i n  t he  pore spaces of t h e  de t r i t u s .  
This f i l l i n g  would reduce evaporation. Of course, the  system would 
have t o  be designed t o  re lease  the  water from the  de t r i t u s .  Perhaps 
water from t h i s  dam could be delivered t o  Djibouti by gravity through 
a pipeline.  

Another option would be t o  use water from the  c i t y ' s  sewaqe 
treatment system. We were informed t h a t  most of t h e  water coming i n t o  
t h e  sewer system i s  l o s t  through leaks. There a re  many t r e e s  i n  
Djibouti.  Perhaps some a r e  watered by the  leaky sewer system. Some 
a r e  i r r iga t ed  by the  owners and around Ambouli some palms a re  
evidently using water from the  water table.  A public e f f o r t  t o  
replace these t r e e s  with da te  palms would increase the  food supply i f  
t h e  campaign were successful.  Such an e f f o r t  might be i n i t i a t e d  by 
planting date  palms a t  t he  Presidential  Palace and the  American 
Embassy with f u l l  media coverage. Giving da te  palms t o  those who 
wished t o  plant  them would probably increase the  chance of success. 

Run-off agr icul ture  might be successful i n  t h i s  area. Study 
of t he  r a i n f a l l  records i n  the  Hauguin thes i s  indicates t h a t  crops 
might be produced i n  t he  winter during some years. 

There appears t o  be 10,000 t o  20,000 hectares of level  land 
i n  t h i s  area. Land i s  available for  any i r r iga t ion  water t h a t  miqht 
be dedicated t o  agr icul ture .  From 1,000 t o  2,000 acres w i l l  be 
avai lable  fo r  run-of f agriculture.  



Development Procedure 1 I r r i g a t e d  Agricul ture 

1. Decide t o  dedicate  pa r t  of the  avai lable  water t o  agr icu l tu re .  

2 .  Offer p a r t  of t h i s  water t o  those who a re  already farming. Let 
them use it t o  expand t h e i r  production. 

3 .  Plan fo r  addi t ional  i r r i g a t e d  acres.  

4. Follow 4 through 7 under t h i s  top ic  fo r  t h e  P e t i t  Bara. 

Development - of Catchment Basin Agricul ture 

1. Study weather records ca re fu l ly .  

2.  I f  t h e  prospects  look promising follow the  procedure under t h i s  
t op i c  f o r  t he  P e t i t  Bara. 

Summary 

The anount of l eve l  land ava i lab le  i s  estimated t o  be 10,000 t o  20,000 
hectares .  There w i l l  probably not be water ava i lab le  fo r  i r r i g a t e d  
agr icu l tu re  f o r  very long unless water i s  imported from other  areas ,  
o r  a dam i s  b u i l t ,  o r  water consumption i n  Djibouti  i s  reduced. 

Cautions 

1. See caution 1 under the  P e t i t  Bara. 

Human Benefi ts  

I f  water were ava i lab le  f o r  100 i r r i g a t e d  hectares,  200 fami l ies  could 
be benefited . 
Comments by Peterson, Pouchon and Broadnax should be studied.  

F.  Aibole and Magale Wadis 

This land i s  located north of the  Gulf of Tadjourah. 
Judging from the topographic map the amount of land ava i lab le  for 
i r r i g a t e d  ag r i cu l tu r e  i n  t h i s  a rea  would be from 10 t o  20 square 
kilometers,  o r  1,000 t o  2,000 hectares.  

The wells around Tad jourah a r e  numbers 68, 7 1  and 75. These 
wells appear t o  be very productive. Speci f ic  y ie lds  range from 14 t o  
36 m3/hour per meter of drawdawn. Pumpting l i f t s  general ly a r e  l e s s  
than 44 meters. Possible water supply from these  wells could be from 
7,000 t o  10,000 m3/day. This would i r r i g a t e  from 100 t o  125 hectares .  
There i s  some doubt t h a t  these  wells could stand heavy pumping without 
s a l t  water in t rus ion.  See t he  comments by Pouchon and Peterson. 
Heindl f e l t  t h a t  l a rge  quan t i t i e s  of water might be ava i lab le  here. 

Water t r a n s w r t a t i o n  t o  Djibouti  i s  poss ib le  the re fore  t h i s  
area  should be considered a s  having considerable ag r i cu l tu r a l  
po ten t ia l .  According t o  Peterson, inland from Tadjourah pumping cos t s  



would b e  h i g h  because  of  pumping l i f t s  which a r e  a t  l e a s t  100 mete r s .  
T h i s  would r e q u i r e  about  6 ,000  l i t e r s  o f  d i e s e l  f u e l  p e r  h e c t a r e  a t  a 
c o s t  of  FD 40 p e r  l i t e r .  T h i s  would b e  FD 240,000 p e r  h e c t a r e  per y e a r  
a t  t h e  w e l l  head .  High v a l u e  v e g e t a b l e  c r o p s  cou ld  p robab ly  i u s t i f y  
t h i s  ene rgy  c o s t .  Hopeful ly  f u r t h e r  i n v e s t i g a t i o n  w i l l  f i n d  u s e a b l e  
w a t e r  w i t h  less pumping l i f t .  

Catchment b a s i n  a g r i c u l t u r e  c o u l d  b e  c o n s i d e r e d  f o r  t h i s  
a r e a  a l s o .  

D e v e l o ~ m e n t  o f  A a r i c u l t u r e  and Sumrnarv 

1. Follow t h e  s t e p s  o u t l i n e d  under P e t i t  Bara. 

C a u t i o n s  

See P e t i t  Bara. 

Human B e n e f i t s  

I f  i r r i g a t e d  a g r i c u l t u r e  were developed on a l l  l a n d  t h e  number o f  
f a m i l i e s  which cou ld  b e  h e l p e d  would b e  2,000 t o  4 ,000 range .  T h i s  i s  
assuming t h a t  t h e r e  would b e  enough w a t e r  t o  i r r i g a t e  a l l  a v a i l a b l e  
l a n d .  I f  ca tchment  b a s i n  a g r i c u l t u r e  w e r e  developed t h e  c u l t i v a t e d  
a r a  would b e  from 50 t o  100 h e c t a r e s ,  and t h e  number of  f a m i l i e s  
h e l p e d  would range  from 25 t o  50. 

S t a t e m e n t s  abou t  t h i s  a r e a  by Pouchon and P e t e r s o n  should  be  s t u d i e d .  

G.  Sadda i  B a s i n  

T h i s  wadi i s  i n  t h e  v i c i n i t y  o f  Obock. W e  d i d  n o t  v i s i t  t h e  
a r e a .  I t  i s  r e l a t i v e l y  remote and a v a i l a b l e  w a t e r  a p p e a r s  t o  b e  
somewhat s a l t y .  I t  p robab ly  c o u l d  b e  used f o r  growing d a t e s  and 
Pouchon i s  o p t i m i s t i c  abou t  t h e  q u a n t i t y  o f  w a t e r  a v a i l a b l e .  Da tes  
would b e  r e l a t i v e l y  e a s y  t o  t r a n s p o r t .  Judging from t h e  map t h e  
amount o f  l e v e l  l a n d  i s  between 40 and 80 Km2. Lack o f  i n f o r m a t i o n  on 
r a i n f a l l  makes s t a t e m e n t s  about  ca tchment  b a s i n  makes a l r e a d y  
s p e c u l a t i v e  s t a t e m e n t s  e v e n  m o r e  s p e c u l a t i v e .  

If r a i n f a l l  i s  a v a i l a b l e ,  t h e n  400 t o  800 h e c t r e s  might b e  
developed f o r  ca tchment  b a s i n  a g r i c u l t u r e .  I f  w a t e r  supp ly  were n o t  
l i m i t i n g  4 ,000 t o  8 ,000  h e c t a r e s  might  b e  developed f o r  i r r i g a t e d  
a g r i c u l t u r e .  

Development P r o c e d u r e  -- Summary -- C a u t i o n s  - - 

S e e  P e t i t  Bara. 

Human B e n e f i t s  

Al lawing 1 h e c t a r e  o f  d a t e s  p e r  f ami ly  i r r i g a t e d  a g r i c u l t u r e  cou ld  
h e l p  4 ,000  t o  8 , 0 0 0  f a m i l i e s .  For  ca tchment  b a s i n  a g r i c u l t u r e  t h e s e  
numbers would b e  400 t o  800.  



H .  Weima Wadi ( ~ i s i d o u r o  ~ r e a )  

The wadi i s  i n  the  nor th  p a r t  of t h e  country near Ethiopia.  
We did not v i s i t  it. Pouchon sa id  t h e  drainage a rea  was 2,000 K m 2 .  
Estimating from the  map t he r e  appears t o  be 30,000 t o  40,000 hec t a r e s  
of  land l eve l  enough t o  c u l t i v a t e  e a s i l y .  The Weima wadi i s  t h e  
boundary between Ethiopia and Djibouti  f o r  a  considerable d i s t ance .  
I t  i s  beyond a  mountain range from Djibouti  Ci ty  and i s  thus  very 
remote. Pouchon said t h a t  a  well d r i l l e d  i n  Bisidouro had a  la rge  
s to rage  capaci ty  and contained good f r e sh  water. 

Although t h i s  a rea  appears t o  have considerable a g r i c u l t u r a l  
promise it probably w i l l  not be developed u n t i l  t r an spo r t a t i on  
f a c i l i t i e s  a r e  provided t o  t he  area.  

I .  High Land Areas Having S o i l ,  Water and a  Cool Climate - - -  
These areas  a r e  very productive and w i l l  produce almost any 

crop year-round. Such a r ea s  a r e  not p l e n t i f u l  but those which can be 
developed w i l l  improve the  d i e t  of t h e  l o c a l  w p u l a t i o n  when they a r e  
remote from roads. When they a r e  near roads t h e  produce may be taken 
t o  market. 

The outstanding example of such a reas  i s  Randa where severa l  
gardens a r e  i n  production. Another i s  Bankoouale. There appeared t o  
be  enough water i n  t he  Bankoouale a r ea  f o r  considerable a g r i c u l t u r a l  
expansion. 

We saw another area  a t  Garrousou. I t  was d i f f i c u l t  t o  see 
a l l  t h e  land,  but  t h a t  ava i l ab l e  t o  ag r i cu l t u r e  might be i n  t h e  ranqe 
of  2 t o  20 hec t a r e s .  There was water on t h e  surface .  After  seeinq 
t h e  dry d e s e r t  f o r  many miles t h i s  was t r u l y  a  beau t i fu l  place.  We 
were t o l d  t h a t  we were t h e  f i r s t  white men t o  v i s i t  t h i s  loca t ion .  

Leo Heindl the  hydrologist ,  s a id  t h e  amount of water might 
be l e s s  than  you th ink  although he did not est imate how much. He. sa id  
t h e  b e s t  c o l l e c t i o n  system would be g a l l e r i e s  a s  f a r  downstream as  
poss ib le .  There were l a rge  palm and o ther  t r e e s  growing here.  Many of 
t h e  t r e e s  d i d  not have small l i m b s  because they had been removed fo r  
firewood. The t o o l s  t he  people have cannot cut  l a rge  timber. A t  t h i s  
p lace  we heard and saw some blond baboons on a  c l i f f  about 200 yards 
away. The land could be used fo r  both t r e e  crops and vegetables.  

Because t r anspor ta t ion  i n  and out  w i l l  be very d i f f i c u l t ,  
food should probably be grown fo r  l oca l  consumption and t h e  source of 
power wight be windmills. 

I t  i s  probable t h a t  t h e  r e s u l t s  would be very s im i l a r  t o  
those  a t  Randa. Water i s  probably ava i l ab l e  i n  o the r  a reas  a l so .  
Although t h e  amount of water ava i l ab le  i n  t he  aqu i fe r s  found a t  high 
a l t i t u d e s  i s  l i k e l y  t o  be l e s s  than one would want, q u a l i t y  of water 
and c l imate  w i l l  j u s t i f y  higher than normal investments i n  these  
areas .  



J.  I n f o r m a t i o n  and P e r s o n n e l  

A .  American A g r i c u l t u r a l  Advisor  

The i d e a l  pe r son  f o r  t h e  U . S .  work i n  D j i b o u t i  
a g r i c u l t u r e  would have a g r i c u l t u r a l  e x p e r i e n c e  i n  t h e  
s o u t h w e s t e r n  p a r t  o f  t h e  U . S .  The c l i m a t e ,  s o i l  and 
w a t e r  c o n d i t i o n s  t h e r e  a r e  most l i k e  t h o s e  i n  D j i b o u t i .  
A t  l e a s t  one  pe r son  who h a s  had p r o d u c t i o n  a a r i c u l t u r e  
e x p e r i e n c e  i n  i r r i g a t e d  d e s e r t  a g r i c u l t u r e  and who i s  
f a m i l i a r  w i t h  t h e  i n f o r m a t i o n  and r e s e a r c h  system i n  
t h e  U .  S. should  be o b t a i n e d  t o  work w i t h  D j i b o u t i  
m i n i s t r y  p e r s o n n e l  and fa rmers .  T h i s  shou ld  he done 
f o r  t h e  second p r o j e c t .  Before  coming t o  D j i b o u t i  h e  
shou ld  v i s i t  t h e  S a l i n i t y  l a b o r a t o r y  i n  R i v e r s i d e ,  
C a l i f o r n i a ,  meet t h e  peop le ,  g e t  t h e i r  p u b l i c a t i o n s  and 
look a t  t h e i r  r e s e a r c h .  

I t  i s  u n l i k e l y  t h a t  someone who speaks  French c a n  be 
found f o r  t h i s  job. P rov id ing  an i n t e r p r e t e r  o r  
t e a c h i n g  t h e  i n d i v i d u a l  French would b e  t h e  s c l u t i o n  t o  
t h i s  problem. During t h e  f i r s t  p r o j e c t ,  t h e  
exper iments  on  f e n c i n g ,  ca tchment  b a s i n  a u r i c u l  t u r e ,  
and i n i t i a l  work w i t h  c r o p  p r o d u c t i o n  i n  D j i b o u t i  cou ld  
be done by TDY p e r s o n n e l  o r  by t h e  s o i l s  Ran, o r  b o t h .  

B. Compila t ion  and P u b l i c a t i o n  - o f  I n f o r m a t i o n  

The work o f  everyone concerned w i t h  D i i b o u t i  
a g r i c u l t u r e  would b e  e a s i e r  i f  a l l  m a t e r i a l  were 
a v a i l a b l e  i n  one  p l a c e  and i n  E n g l i s h .  A l l  germane 
i n f o r m a t i o n  shou ld  b e  e a s i l y  a v a i l a b l e  t o  teams workinq 
h e r e .  T h i s  same i n f o r m a t i o n  should  be a v a i l a b l e  t o  a l l  
concerned -- o t h e r  donors ,  m i n i s t r y  p e r s o n n e l ,  marmetc, 
e t c .  Such i n f o r m a t i o n  would reduce  d u p l i c a t i o n  o f  
e f f o r t  and save  a  g r e a t  d e a l  o f  t ime  i n  t h e  s e a r c h  f o r  
i n f o r m a t i o n .  

I recommend t h a t  a l l  a v a i l a b l e  i n f o r m a t i o n  on s o i l s ,  
w a t e r ,  c r o p s ,  p r e s e n t  farms p r o d u c t i o n  impor t s  and 
marke t s  b e  g a t h e r e d ,  t r a n s l a t e d  i n t o  E n g l i s h ,  and made 
f r e e l y  a v a i l a b l e  t o  a l l  l i b r a r i e s ,  i n f o r m a t i o n  c e n t r e s ,  
A g r i c u l t u r e  M i n i s t r y ,  A I D  team p e r s o n n e l ,  TDY 
c o n s u l t a n t s  and back-up p e o p l e  i n  Washington. 

C .  O u t l i n e  o f  P u b l i c a t i o n s  - 
HISTORY 

Gather  a s  much h i s t o r y  a s  p o s s i b l e  from FED r e p o r t s  and 
French r e p o r t s .  I n t e r v i e w  Miche l l  F e r r y  on  h i s  e f f o r t s  
and e x p e r i e n c e .  I f  p o s s i b l e  l o c a t e  t h e  French army 
p e o p l e  who founded h e r e  i n  1 9 3 0 ' s  and 1 9 4 0 ' s .  Find o u t  
more abou t  t h e  Yemeni e f f o r t s  o f  t h e  p a s t .  



PRESENT AGRICULTURE 

I nven to ry  t h e  p r e s e n t  ga rdens  by v i s i t s ,  i n t e r v i e w s  and 
o v e r - f l i g h t s .  G e t  s t a t i s t i c s  and i n fo rma t ion  f o r  FED 
r e p o r t s  and o t h e r  documents. 

WATER RESOURCES 

T r a n s l a t e  t h e  French work on wa t e r  and a b s t r a c t  t h a t  
germane t o  a g r i c u l t u r e .  Add any m a t e r i a l  deve loped  by 
t h e  American team. 

SOILS 

T r a n s l a t e  and a b s t r a c t  m a t e r i a l  from French.  I n c l u d e  
m a t e r i a l  developed by U .  S. team. 

CROPPING PROCEDURES, PRESENT AND NEEDED - 
Observe and  i n t e r v i e w  p r e s e n t  f a rmers .  Read team and 
French r e p o r t s .  Study a g r i c u l t u r e  of o t h e r  a r e a s  of  
s i m i l a r  c l i m a t e .  Compile t e c h n i c a l  i n fo rma t ion  on how 
t o  grow c rops ,  u s e  windmil ls ,  b u i l d  f ence s ,  e t c .  

MARKETING PRACTICES 

Analyze a g r i c u l t u r a l  market ing  p r a c t i c e s  and needs  i n  
D j i b o u t i .  

ANNOTATED BIBLIOGRAPHY 

Sources  c o n t a i n i n g  t e c h n i c a l  i n fo rma t ion  r e l e v a n t  t o  
D j i b o u t i  shou ld  be l i s t e d  and de sc r i bed .  

V .  PUMPING METHODS AND COSTS - 
These costs  are f o r  d i r e c t  connected d i e s e l  eng ine s  and f o r  

windmi l l s .  Wells w i t h  7 . 8  l i f t  a r e  dug w e l l s .  The o t h e r s  a r e  
d r i l l e d .  Cos t s  a r e  based  on d a t a  c o l l e c t e d  i n  D j i b o u t i ,  p u b l i s h e d  
windmil l  c o s t s ,  and e s t i m a t e s  based  on U.  S. exper ience .  

D i scus s ion  - o f  Power Sources  

The c o s t s  of  w a t e r  pumping i s  a s u b s t a n t i a l  p a r t  of  any 
i r r i g a t i o n  p r o j e c t .  A s  pumping l i f t s  i n c r e a s e ,  t h e  pumping c o s t s  
become l a r g e r  u n t i l  a t  some p o i n t  t h e  e n t e r p r i s e  i s  no l onge r  
economical .  C o s t s  f o r  pumping wa t e r  from dug w e l l s  and d r i l l e d  w e l l s  
a r e  g iven  h e r e .  Pumps f o r  t h e  dug w e l l s  a r e  s m a l l  d i e s e l  engine-  
d r i ven  pumps. For  d r i l l e d  w e l l s  d i e s e l  g e n e r a t o r s  d r i v i n g  submerged 
pumps w e r e  used.  Y i e l d  of  t h e  w e l l  and pumping l i f t s  a r e  c r u c i a l  i n  
a l l  c a se s .  Gene ra l l y  speak ing ,  t h e s e  c o s t s  i n d i c a t e  t h a t  pumping from 
dug w e l l s  w i l l  c o s t  less t h a n  pumping from d r i l l e d  wells. 



Windmill  pumping c o s t s  a r e  a l s o  g iven .  I t  may b e  p r a c t i c a l  
t o  pump w a t e r  from dug w e l l s  w i t h  windmi l l s .  C o s t s  f o r  d i e s e l  pumping 
range  from DF 65,000 p e r  h e c t a r e  (25 ,000 m3) f o r  a  dug w e l l  y i e l d i n g  
24 m3/hr t o  DF 2 ,230,000 p e r  h e c t a r e  f o r  a  300 mete r  l i f t  from a  
d r i l l e d  w e l l  y i e l d i n g  24 m3/hr. 

P r e s e n t l y  a v a i l a b l e  windmi l l s  appear  t o  b e  p r a c t i c a l  o n l y  
f o r  s h a l l w  w e l l s .  Windmill-powered pumping c o s t s  r ange  from DF 
174,OOO/hectare f o r  a  w e l l  y i e l d i n g  8.66 m3/hr and hav ing  7.8 meter  
pumping l i f t  t o  DF 5 2 5 , 0 0 0 / h e c t a r e  f o r  a  pumping l i f t  of  26.8 f e e t  and 
a  y i e l d  of  3.25 m3/hr. T h e s e w i n d m i l l c o s t s  a r e  based on t h e  
o p e r a t i n g  80% o f  t h e  t i m e ,  365 days  p e r  y e a r ,  24 h o u r s  p e r  day.  T h i s  
may b e  o v e r l y  o p t i m i s t i c  based  on wind r e c o r d s  a v a i l a b l e ,  a t  any r a t e ,  
pumping w a t e r  w i t h  windmi l l s  i s  h i g h e r  t h a n  pumping w i t h  d i e s e l  
e n g i n e s .  I f  t h e  p u r c h a s e  and i n s t a l l a t i o n  c o s t s  of windmi l l s  c o u l d  b e  
reduced t o  one-hal f  of t h e  c o s t s  used i n  t h e  paper ,  t h e y  would b e  an 
a t t r a c t i v e  a l t e r n a t i v e  f o r  power a t  some l o c a t i o n s  i n  D j i b o u t i .  Many 
s m a l l  e n g i n e s  a r e  a l r e a d y  i n  u s e  h e r e  and t h e  t echno logy  i s  unders tood  
by a  f a i r  number of peop le .  

Source  and R e l i a b i l i t y  -- o f  C o s t  F i g u r e s  

W e l l  c o s t s  used  were t a k e n  d i r e c t l y  from o r  e x t r a p o l a t e d  from M i n i s t r y  
o f  A g r i c u l t u r e  f i g u r e s .  I t  a p p e a r s  t o  me t h a t  t h e s e  c o s t s  may be t o o  
h i g h .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  dug w e l l s .  I f  an  o p p o r t u n i t y  
a r i s e s  t h i s  c o s t  s h o u l d  b e  checked. Power u n i t  and pump c o s t s  were 
t a k e n  from o r  e s t i m a t e d  from M i n i s t r y  f i g u r e s .  F u e l  c o s t s  were  t a k e n  
a s  DF 4 3 / l i t e r  of d i e s e l  f u e l  and f u e l  consumption was e s t i m a t e d  based  
on t y u p i c a l  eng ines .  

Windmil l  c o s t s  w e r e  t a k e n  from 1976 quo ted  p r i c e s  i n  t h e  U.S. and 
i n c r e a s e d  f o r  i n f  l a t i o n ,  t r a n s p o r t  and D j i b o u t i  i n s t a l l a t i o n .  



B. TABLE 

COSTS FOR PUMPING WATER WITH WINDMILLS I N  DJIBOUTI 
(costs are  1 0 0 0 ' s  o f  D j i b o u t i  francs) 

Windmil l  8 '  Baker  1 2 '  Baker  
4 0 '  Tower 4 0 '  Tower 

1 2 '  Baker 
4 0 '  Tower 

Y i e l d  - 
m3 / h r  3 .25 8.66 3.25 ....................................................................... 

Pumping L i f t  - 
m 7 . 8  7 .8  26 .8  ........................................................................ 

C o s t  o f  P l a n t  -- 
W e l l  + Tank 1 , 5 8 3  
*Tower & Pump 
+ Windmil l  1 , 0 6 8  1 , 7 5 0  1 ,750  

100  ........................................................................ 
TOTAL 2 ,651  3 , 3 3 3  3 ,925  ....................................................................... 

Annual  F i x e d  Charges  
I n t .  @ 10% 13 3  
Taxes  0  
M i l l  Deprec.  5% 53 
W e l l  + Tank 5% 79 .......................................................................... 
TOTAL 265 * 334 398 ........................................................................ 

Annual  O p e r a t i n g  C o s t  
L u b r i c a t i n g  O i l  9  
R e p a i r s  32 
L a b o r - l / h r / d a y  40 

TOTAL 81 10  1 10 1 

F i x e d  + O p e r a t i n q  -- 
C o s t s  346 
C o s t  m3. 1 , 0 1 5  1 , 0 0 7  10 ,021  
C o s t / h c / y r  3  64 1 7 4  52 5 
A r e a  I r r i g a t e d  .95 h e c t .  2 .5  h e c t .  .95 h e c t  ....................................................................... 



*Tower pump and  w i n d m i l l  costs  were t a k e n  from t h e  1976  e d i t i o n  of 
Ene rgy  f o r  R u r a l  Development .  T h e s e  costs were i n c r e a s e d  by 5% for  
s a l e s  t a x e s ,  by 40% f o r  i n f l a t i o n  s i n c e  1976 ,  by  40% f o r  s h i p p i n g  f rom 
U . S . A . ,  b y  25% f o r  t a r i f f  i n t o  D j i b o u t i ,  a n d  by 40% f o r  i n s t a l l a t i o n .  

T h e s e  i n c r e a s e s  were compounded. Baker  m i l l  and  pumps were used  and 
a e r o  m o t o r  towers. Tower, pump and w i n d m i l l  a r e  d e p r e c i a t e d  o v e r  a  
20-year  p e r  i o d  . 



V I .  INFORMATION ON DJIBOUTIAN AGRICULTURE - 

A .  Compar i son  o f  D j i b o u t i  A g r i c u l t u r e  With C a l i f o r n i a  
~ ~ r i c u l t u r e -  

The  cost o f  water d e l i v e r e d  t o  f a r m e r s  i n  t h e  c e n t r a l  v a l l y  
o f  C a l i f o r n i a  r a n g e s  f rom $40 t o  $90 p e r  a c r e / f o o t .  T h i s  i s  
e q u i v a l e n t  t o  FD 1 5 6 , 0 0 0  t o  FD 334 ,000  f o r  25 ,000  m3, t h e  amount o f  
w a t e r  t h e  M i n i s t r y  f o  A g r i c u l t u r e  assumes  w i l l  be needed  t o  i r r i g a t e  
o n e  h e c t a r e  f o r  o n e  y e a r .  Even w i t h  water p r i c e s  l i k e  t h i s ,  
C a l i f o r n i a  farmers a r e  able t o  grow and  s h i p  f r u i t  and v e g e t a b l e  c r o p s  
2 , 0 0 0  miles i n  c o m p e t i t i o n  w i t h  r a i n - f e d  a g r i c u l t u r e  i n  t h e  e a s t e r n  
p a r t  o f  t h e  U .  S. 

Some D j i b o u t i  waters a re  as c h e m i c a l l y  d e s i r a b l e  a s  
C a l i f o r n i a  water.  I f  a D j i b o u t i  f a r m e r  i s  a b l e  t o  p r o d u c e  2  v e g e t a b l e  
c r o p s  p e r  y e a r  p e r  hectare o f  1 0  t o n s  e a c h  and  s e l l  them a t  FD 75 ( a  
q u a r t e r  c u r r e n t  r e t a i l  m a r k e t  v a l u e )  h i s  g r o s s  income w i l l  be FD1.5 
m i l l i o n .  T h i s  y i e l d  estimate s i  v e r y  l o w .  The FED r e p o r t  e s t i m a t e s  
y i e l d s  o f  tomatoes t o  be 3 5  t o n s  p e r  h e c t a r e  and water me lons  a t  20 
t o n s  p e r  h e c t a r e .  P e r h a p s  t h e  1 0  t o n  estimate s h o u l d  be d o u b l e d .  

B .  M o t i v a t i o n  

H o w  power  and  income i s  d i s t r i b u t e d  w i l l  h a v e  a  p r o f o u n d  
e f f e c t  o n  t h e  outcome o f  a n y  e f f o r t  t o  e s t a b l i s h  a g r i c u l t u r e  i n  
D j i b o u t i .  T h e r e  a re  many models  f o r  a g r i c u l t u r a l  e f f o r t  i n  t h e  w o r l d .  
The  f e u d a l  s y s t e m  o f  some c o u n t r i e s ,  t h e  C h i n e s e  commune, t h e  I s r a e l i  
K i b b u t z ,  t h e  Amer i can  and  European  i n d e p e n d e n t  l a n d - h o l d e r ,  t h e  S o v i e t  
C o l l e c t i v e  and  t h e  Amer ican  C o r p o r a t i o n  Farm -- it a p p e a r s  t o  m e  t h a t  
t o  be m o s t  s u c c e s s f u l  any  s y s t e m  s h o u l d  h a v e  as  many o f  t h e  f o l l m i n g  
f e a t u r e s  a s  p o s s i b l e :  

1. There s h o u l d  be a d i r e c t  r e l a t i o n s h i p  be tween  t h e  income 
of  t h e  f a r m e r  and  t h e  goods  which he p r o d u c e s .  And h e  
s h o u l d  be r e s p o n s i b l e  f o r  t h e  i n p u t s  and  o u t p u t s  o f  t h e  
e n t e r p r i s e .  I f  t h e  f a rm  i s  p r o d u c t i v e  h e  s h o u l d  h a v e  a 
h i g h  income.  I f  it i s  n o t  p r o d u c t i v e  h e  s h o u l d  h a v e  a 
l o w  o r  n o  income.  

2 .  The f a r m e r  s h o u l d  r u n  h i s  own l a n d .  H e  s h o u l d  be ab le  
t o  s e l l  o r  k e e p  t h e  l a n d  o r  buy o t h e r  l a n d .  

3 .  H e  s h o u l d  h a v e  re l iab le  m a r k e t s  f o r  t h e  g o o d s  which  h e  
p r o d u c e s  . 

4. A g r i c u l t u r a l  i n f o r m a t i o n  s h o u l d  be e a s i l y  a v a i l a b l e  and  
f r e e .  

5.  Farming  u n i t s  s h o u l d  be l a r g e  enough i n i t i a l l y  t o  
p o t e n t i a l l y  p r o v i d e  t h e  f a rmer  and h i s  f a m i l y  a h i g h e r  
i n c a n e  t h a n  t h e y  c o u l d  e a r n  e l s e w h e r e .  



Looking  o v e r  w o r l d  a g r i c u l t u r e  it a p p e a r s  t o  m e  t h a t  some 
reward  s y s t e m s  a re  c o n s i s t e n t l y  less e f f e c t i v e  t h a n  o t h e r s .  Among 
t h e s e  a re  government  o w n e r s h i p  and management o f  farm e n t e r p r i s e s ,  
c o r p o r a t e  o w n e r s h i p  and management and a b s e n t e e  landowner  s y s t e m s .  
A l though  v i a b l e  f a rms  u s i n g  t h e s e  s y s t e m s  e x i s t ,  i t  a p p e a r s  t o  m e  t h a t  
owner -ope ra t ed  f a rms  a r e  i n  g e n e r a l  most p r o d u c t i v e .  F o r  example ,  I 
w a s  i n  a g r i c u l t u r a l  e d u c a t i o n  a t  t h e  c o l l e g e  l e v e l  many y e a r s .  Most 
c o l l e g e s  owned farms. I know many p e o p l e  o v e r  the  U .  S .  i n v o l v e d  w i t h  
thse c o l l e g e  f a rms ,  and  I n e v e r  h e a r d  o f  o n e  which  w a s  o p e r a t e d  a t  a 
p r o f i t .  

I n  my community there  a re  b o t h  absentee-owned f a rms  and 
owner -ope ra t ed  f a r m s .  The owner -ope ra t ed  fa rms  are  n e a r l y  a l w a y s  more 
p r o d u c t i v e  t h a n  absentee-owned f a r m s .  D j i b o u t i  m igh t  f o l l w  t h e  
homes tead  p r o c e d u r e  which w a s  u sed  i n  t h e  U.S. b e g i n n i n g  w i t h  the  
a d m i n i s t r a t i o n  o f  Abraham L i n c o l n .  Fa rmer s  were a l l o w e d  t o  move on  a 
t r a c t  o f  l a n d .  They w e r e  g i v e n  f u l l  t i t l e  o f  t he  l a n d  a f t e r  t h e y  h a d  
l i v e d  on  it for t h e  r e q u i r e d  number o f  y e a r s  and  made r e q u i r e d  
improvements .  I n  l a t e r  y e a r s  when there  w e r e  more h o m e s t e a d e r s  t h a n  
l a n d ,  p e o p l e  w e r e  c h o s e n  by l o t .  

I t  would seem w i s e  t o  s t u d y  l and - t enu re - r eward  s y s t e m s  o v e r  
t h e  w o r l d ,  and  se lec t  the  o n e  which  o f f e r s  t he  m o s t  p r o m i s e  o f  m e e t i n g  
t h e  R e p u b l i c ' s  o b j e c t i v e s .  

C. Pumping Water - v s  H a u l i n g  V e g e t a b l e s  

T h e r e  i s  a p r o p o s e d  p r o j e c t  t o  pump w a t e r  from t h e  H a n l e  and 
Gobaad p l a i n s  t o  t h e  D j i b o u t i  area. The h y p o t h e s i s  i s  t h a t  it i s  
c h e a p e r  t o  pump t h e  w a t e r  and i r r i g a t e  l a n d  n e a r  D j i b o u t i  t h a n  it 
would be t o  h a u l  v e g e t a b l e s .  C o s t  d a t a  i s  n o t  a v a i l a b l e  b u t  t h i s  
h y p o t h e s i s  seems t o  m e  t o  be f a l s e .  Most o f  t h e  w a t e r  f o r  a g r i c u l t u r e  
a p p e a r  t o  be i n  t h e  H a n l e  and Gobaad p l a i n s .  T h e r e  i s  a p r o p o s a l  t o  
pump t h e  water t o  areas n e a r  D j i b o u t i  and  t o  u s e  p a r t  o f  it f o r  
a g r i c u l t u r e .  T h e r e  i s  a h y p o t h e s i s  t h a t  i t  i s  c h e a p e r  t o  pump water 
1 2 0  k i l o m e t e r s  t h a n  t o  h a u l  v e g e t a b l e s  p roduced  by t h a t  w a t e r  the same 
d i s t a n c e .  

One s e t  o f  numbers  t h a n  I s a w  p l a c e d  t h e  cost  o f  t h e  
p i p e l i n e  and pumping s t a t i o n s  a t  $15 .2  m i l l i o n .  Amort ized o v e r  a 20- 
y e a r  p e r i o d  t h i s  would be $1 .4  m i l l i o n  p e r  y e a r  f o r  i n t e r e s t  ( a t  6 -  
1 / 2 % ) ,  and d e p r e c i a t i o n  w i t h o u t  c o n s i d e r i n g  e n e r g y ,  r e p a i r  and l a b o r  
costs f o r  pumping water. 

The a m o r t i z a t i o n  costs p e r  c u b i c  meter would be $ .075  p e r  
c u b i c  meter. I t  r e q u i r e s  a b o u t  1 , 0 0 0  c u b i c  meters o f  water t o  p r o d u c e  
a t o n  of v e g e t a b l e s .  T h i s  would p u t  t h e  a m o r t i z a t i o n  costs a t  $75  p e r  
t o n .  Added t o  t h i s  would be t h e  o t h e r  costs  l i s t e d  above  which would 
p r o b a b l y  more t h a n  d o u b l e  t h e  $ 7 5  number. 

I n  t h e  U.S. the  cost  o f  h a u l i n g  o n  good r o a d s  w i t h  t r u c k s  o f  
20 t o n s  c a p a c i t y  i s  $ .06  p e r  metric t o n  m i l e .  



The d i s t a n c e  t h e  v e g e t a b l e s  need t o  be h a u l e d  i s  abou t  8 5  
m i l e s .  The c o s t  of h a u l i n g  a t o n  of v e g e t a b l e s  8 5  m i l e s  i n  t h e  U . S .  
would be a b o u t  $5. The c o s t  i n  D j i b o u t i  would b e  2.5 t i m e s  U.S. c o s t s  
f o r  t h e  same equipment and r o a d s .  

Because p e r h a p s  5  t o n  t r u c k s  must be used h e r e ,  t h e  c o s t s  
would be doubled t o  5  t i m e s  U.S. c o s t s  and pe rhaps  because  o f  poor 
r o a d s ,  t h e  c o s t s  shou ld  be doub led  a g a i n .  T h i s  would b r i n g  t h e  c o s t  
o f  h a u l i n g  t o  $50 p e r  m e t r i c  t o n  which i s  a b o u t  o n e  t h i r d  t h e  c o s t  o f  
pumping w a t e r  t o  D j i b o u t i .  

D.  Fenc inq  

Because h e r d s  have  t h e  r i g h t  t o  roam f r e e  i n  t h i s  c o u n t r y ,  
i t  i s  n e c e s s a r y  t o  f e n c e  c u l t i v a t e d  a r e a s  t o  keep  o u t  animals .  Fences 
can  be c o n s t r u c t e d  w i t h  impor ted  w i r e  and p o s t s ,  n a t i v e  t h o r n  bushes ,  
and  s t o n e s .  Sometimes n a t i v e  t h o r n  b u s h e s  must be t r a n s p o r t e d  a 
c o n s i d e r a b l e  d i s t a n c e .  I do  n o t  know h w  long  such  f e n c e s  w i l l  l a s t  
i n  t h i s  d r y  c l i m a t e .  Pe rhaps  t h e y  would be e f f e c t i v e  f o r  2-5 y e a r s .  
I f  t h i s  i s  t h e  c a s e ,  t h i s  i s  p e r h a p s  t h e  most economical  f e n c e  i n  t h e  
c o u n t r y  when t h e  m a t e r i a l  i s  a v a i l a b l e  nearby.  

1. S t o n e  Fences 

The o t h e r  n a t i v e  m a t e r i a l  i s  s t o n e  and t h e r e  i s  an over -  
abundance o f  t h i s  i n  most p l a c e s .  The nomads u s e  s t o n e  
t o  b u i l d  s m a l l  h o u s e s  and c o r r a l s  f o r  t h e i r  animals .  
The l o c a l  A I D  Miss ion  t h i n k s  g o a t s  can  c l imb  such 
f e n c e s .  I s u g g e s t  an exper iment  i n  which a  rock f e n c e  
i s  b u i l t  v e r t i c a l  by u s i n g  a  moveable plywood guide .  
The v e r t i c a l  f e n c e  would be i n s i d e  t h e  e x p e r i m e n t a l  a r e a  
and g o a t s  would be p l a c e d  i n s i d e  t h e  c o r r a l  and a l l awed  
t o  c l i m b  o u t  i f  t h e y  cou ld .  The second e x p e r i m e n t a l  
c o r r a l  would have  t h e  v e r t i c a l  w a l l  f i l l e d  w i t h  mud. 

The c o s t  of a 5 - f o o t  t a l l  w i r e  f e n c e  would probably be 
between DF 3,000 and DF 7 ,000 p e r  meter i n s t a l l e d  i n  
D j i b o u t i .  The minimum wage h e r e  i s  DF 15,000 p e r  month. 
Most o f  t h e  c o s t  f o r  a  s t o n e  f e n c e  would be l a b o r .  
Obvious ly  one  man can  b u i l d  more t h a n  3 meters of s t o n e  
f e n c e  i n  o n e  month. 

2.  Area Fenced - V a r i a t i o n  i n  Cos t  - -- 
The l a r g e r  t h e  a r e a  fenced ,  t h e  less f e n c i n g  c o s t s  a r e  
p e r  u n i t  a r e a .  I f  o n e  h e c t a r e  i s  fenced,  400 meters of 
f e n c i n g  i s  needed,  a t  DF 6 ,000  p e r  meter, t he  c o s t  would 
be DF 2 ,400,000 p e r  h e c t a r e .  

Of 100 h e c t a r e s  t o  be fenced ,  4 ,000  mete r s  o f  f e n c i n g  i s  
needed. I n  t h i s  c a s e ,  t h e  c o s t  p e r  h e c t a r e  w i l l  o n l y  be 
o n e  t e n t h  t h a t  f o r  an a r e a  o f  one  h e c t a r e  f e n c e d  o r  DF 
240,000 p e r  h e c t a r e .  



I e s t i m a t e  w h e r e  s t o n e  i s  r e a d i l y  a v a i l a b l e  t h a t  f e n c i n g  
w i t h  s t o n e  w i l l  cost o n l y  o n e  q u a r t e r  t o  o n e  f i f t h  t h e  
cost  f o r  i m p o r t e d  w i r e .  Obv ious ly  r e g a r d l e s s  o f  t h e  
k i n d  o f  m a t e r i a l s  u s e d ,  f e n c i n g  o n e  l a r g e  a r e a  i s  more 
e c o n o m i c a l  t h a n  f e n c i n g  many s m a l l  o n e s .  

E .  Animal C o n t r o l  

A t  s e v e r a l  l o c a t i o n s  w a t e r  melons  h a v e  b e e n  p a r t i a l l y  e a t e n .  
W e  w e r e  t o l d  t h a t  t h e  "porc-u-peek" had done  t h i s .  E v i d e n t l y  t h i s  i s  
a  p o r c u p i n e .  I n  t w o  p l a c e s  t h e  g a r d e n e r s  h a d  set  t r a p s .  W e  h e a r d  o f  
r a b b i t s  e a t i n g  g a r d e n s  a t  o t h e r  p l a c e s .  

C o n t r o l  o f  t h e s e  a n i m a l s  i s  a problem.  P o s s i b l e  a l t e r n a -  
t i v e s  a r e :  

1. R e l a t i v e l y  s m a l l  mesh w i r e  f e n c e  a n c h o r e d  i n  c o n c r e t e .  

2 .  S t o n e  f e n c e s  which  h a v e  t h e  s p a c e s  be tween  r o c k s  f i l l e d  
w i t h  adobe .  

3 .  Keeping a dog  i n s i d e  t h e  g a r d e n .  

4.  H u n t i n g  t h e  a n i m a l s  w i t h  a gun and l i g h t  a t  n i g h t .  

5. P o i s o n  b a i t .  ( S t r i c h n i n e  o r  o t h e r  m a t e r i a l .  ) 

6 .  A t r a p p i n g  program d e v e l o p e d  by a b iologis t  t r a i n e d  i n  
t r a p p i n g .  

A l l  o f  t h e s e  a l t e r n a t i v e s  h a v e  some d i s a d v a n t a g e s .  F o r  
example,  many p e o p l e  and p e r h a p s  a l l  who would farm h a v e  a r e l i g i o u s  
t a b o o  a g a i n s t  d o g s .  W e l l - b u i l t  w i r e  f e n c e s  would s o l v e  t h e  prob lem 
b u t  t h i s  u s e s  i m p o r t e d  materials a n d  i s  e x p e n b s i v e .  

S t o n e  f e n c e s  m i g h t  be t h e  s o l u t i o n .  I t  i s  n o t  known w h e t h e r  
o r  n o t  t h e  a n i m a l s  c o u l d  c l i m b  t h e s e  f e n c e s .  

This problem s h o u l d  be c o n s i d e r e d  i n  f e n c e  d e s i g n  and 
c o n s t r u c t i o n .  O t h e r  p r o c e d u r e s  s h o u l d  be i n v e s t i g a t e d  f o r  c o n t r o l  
i n s i d e  b r u s h  f e n c e  e n c l b s u r e s .  



W I N D  I N  D J I B O U T I  -- 

In  considering wind power h i s t o r i c a l  da ta  on ve loc i ty  of wind, hours 
of wind and periods of calm a r e  e s s e n t i a l .  

I understand t h a t  such da ta  has been kept f o r  20 years  o r  more f o r  t h e  
Djibout i  Airpor t .  I was a b l e  t o  g e t  a  few months d a t a  from t h e  
Minis ter  of Agricul ture .  Observations a r e  made four  times d a i l y  a t  
t h e  Dj ibout i  Airport  and t h r e e  times a t  o t h e r  loca t ions .  They a r e  
summarized here:  

SOME W I N D  VELOCITY OBSERVATIONS I N  D J I B O U T I  -- - 
J U L Y  1977 -- AUGUST 1977 

....................................................................... 
Velocity m / s  C 0-1 2-4 5-6 7-14 Over C 0-1 2-4 5-6 7-14 Over ....................................................................... 
Djibout i  A i r .  0  1 45 39 39 0 ....................................................................... 
Arta 11 24 46 1 7  6  0 
....................................................................... 
Dikhil  Average wind speed l e s s  than l m / s  ....................................................................... 
Obock Average about 5 m / s  ....................................................................... 

SEPTEMBER 1977 OCTOBER 1977 

....................................................................... 
Veloci ty m / s  C 0-1 2-4 5-6 7-14 Over C '  0-1 2-4 5-6 7-14 Over 
....................................................................... 
Djibout i  A i r .  8 14 75 2 7  4  1 2  2 1  75  26 2 0  
....................................................................... 
Arta 7 2 7  56 7 0  9 34 5 5  4 0 0  
....................................................................... 
Dikhil  Av 2 m / s  ------- A~ 4  m/s  - -------- 
....................................................................... 
Obock AV 4 m / s  ------- AV 4 m/s  --------- 

NOVEMBER 1977 DECEMBER 1977 

........................................................................ 
Velocity C 0-1 2-4 5-6 7-14 Over C 0-1 2-4 5-6 7-14 Over ........................................................................ 
Djib. A i r .  1 7  31 65 24 0 0 0 4  68 37 5 0  
,-----,---L,,-,,-------------------------------------------------------- 

Arta 15 23 44 19 4 0 0 0 55 36 2 0  
........................................................................ 
Dikhil  Av 3 m/s  ----------- Av 3 m / s  ------------- 
........................................................................ 
Obock Av 3 m/s  ----------- Av 4 m / s  ------ ------- 
......................................................................... 

Four observat ions  pe r  day a t  Dj ibout i  a i r p o r t .  Three observat ions  per  
day a t  o t h e r  places .  One meter per second = 2 . 2  miles  per hour. 



F.  Wells - i n  D j i b o u t i  

N AME 

I n f o r m a t i o n  f rom d i a g r a m s  f u r n i s h e d  by "Sce  G e n i e  R u r a l "  

CERCLE D ' OBOCK 
Draw- Dynamic S t a t i c  T o t a l  

Y i e l d  Down L e v e l  L e v e l  Depth  
3  

m / h r  m m m m 

S o u b l a l i  N o .  1 1-71 21 8 46 38 120  
S o u b l a l i  N o .  2  2-74 
O u l m  7 4  16  2  6 4  6  2  9 0  
Orobor  7 4  20 1 17 16  25 
L a h a s s a  7 4  1 . 3  6 8  108  40 120  
R a s - s i a n  1 . 3  9  27 1 9  33 
Assa -Gu ine t t a  6 5  0 . 5  35 6 0  25 6 6  

CERCLE TADJOURAH 

Tad j o u r a h  6 8  
T a d j o u r a h  7 1  
T a d j o u r a h  7 5  
Magale 76  
A d a i l l o u  77 
PK 9-73 
D o r r a  N o .  1 6 4  
D o r r a  N o .  2  6 8  
D o r r a  N o .  3  6 9  
Assa-Gueyla 
N o .  1 6 8  
Assa-Gueyla 
No. 1 6 8  
Andaba 7 3  
Madgoul No. 1 67 
Madgoul No. 2 6 8  
A d o i l a  77 



I r r i g a t i o n  C o s t s   inis is try o f  - A g r i c u l t u r e  - - ~ j i b o u t i )  

The  costs were t a k e n  from a  b u d g e t  made by M i c h e l l e  F e r r y  and  t h e n  
c o r r e c t e d  i n  p e n c i l  by M .  Gasc.  Gasc g e n e r a l l y  r a i s e d  F e r r y ' s  
e s t i m a t e  f o r  dug w e l l s  and lowered  them f o r  d r i l l e d  w e l l s .  

I s u s p e c t  t h e  costs  a r e  somewhere in-between.  

C o s t s  f o r  I r r i g a t i o n  - i n  D j i b o u t i  ( C o s t s  - i n  D j i b o u t i  f r a n c s )  

These  c o s t s  w e r e  t a k e n  from m a t e r i a l  f u r n i s h e d  by M .  Gasc from t h e  
M i n i s t r y  o f  A g r i c u l t u r e .  The  dug w e l l  i s  p roposed  f o r  1 .5  h e c t a r e s  
and  3 f a m i l i e s .  The d r i l l e d  w e l l  is f o r  10  h e c t a r e s  and 30 f a m i l i e s .  

INVESTMENT COSTS DUG WELL DRILLED WELL ........................................................................... 

Wells, t a n k s ,  h o u s i n g ,  w a t e r  d i s t r i b u t i o n ,  3 ,473 ,000  33 ,604 ,000  
pump, power, etc. 

C o s t  p e r  f a m i l y  1 ,158 ,000  1 , 1 2 1 , 0 0 0  

Annual costs ( i r r i g a t i o n  cos t s )  
A m o r t i z a t i o n  ( m o s t l y  10-20 y e a r s  b u t  

pump i n  o n e  y e a r )  

P e r  f a m i l y  ( a n n u a l  a m o r t i z a t i o n )  

O p e r a t i n g  costs a n n u a l  
O p e r a t i n g  c o s t s  p e r  f a m i l y  

O t h e r  c h a r g e s  p e r  f a m i l y  ( t r a c t o r s ,  
work, tools ,  f e r t i l i z e r ,  h a u l i n g ,  etc.  ) 

TOTAL P E R  F A M I L Y  - D F  



Costs - f o r  I r r i g a t i o n  - i n  D j i b o u t i  

T h e s e  costs  were f o r  p r o j e c t s  p r o p o s e d  by t h e  M i n i s t r y  o f  A g r i c u l t u r e  

(They a p p e a r  t o  b e  h i g h  t o  m e . )  

C o s t s  a r e  i n  DF. 

........................................................................... 
I NVE STMENT DUG WELL DRILLED WELL ............................................................................. 

W e l l  1 , 5 8 3 , 0 0 0  5 , 6 0 0 , 0 0 0  

Pump and  Power U n i t ,  t a n k s ,  etc.  220,000 1 8 , 0 0 0 , 0 0 0  

Water d i s t r i b u t i o n  s y s t e m ,  
f e n c i n g ,  etc. 

TOTAL - DF 
C o s t  p e r  fa rm f a m i l y  
( 1 0  h e c t a r e s  and  30 f a m i l i e s  
f o r  t h e  d r i l l e d  w e l l  a n d  1 .5  
h e c t a r e s  and  3 f a m i l i e s  f o r  t h e  
w e l l )  



APPENDIX A-5 

ACTION MEMORANDUM 

12  J a n u a r y  1979  

To: M r .  Kar l  H.  Mahler ,  A . I . D .  A f f a i r s  O f f i c e r ,  
D j i b o u t i  

S u b j e c t :  P r o j e c t  P a p e r  - D j i b o u t i  - Water R e s o u r c e s  and  S o i l s  
A n a l y s i s  P r o j e c t  (603-001)  

RECOMMENDATIONS 

Based  o n  t h e  a p p r o v a l  by AID/W o f  t h e  P r o j e c t  I d e n t i f i c a t i o n  
Document ( P I D )  and  a s o u r c e  and  o r i g i n  w a i v e r  f o r  a p r o j e c t  v e h i c l e ,  
a u t h o r i z a t i o n  o f  t h i s  p r o j e c t  i s  recommended: 

-FY 1 9 7 9  G r a n t  $497 ,000  
T o t a l  N e w  A I D  O b l i g a t i o n  $497 ,000  

B. Summary D e s c r i p t i o n  -- o f  t h e  P r o j e c t  

The Government o f  t h e  R e p u b l i c  o f  D j i b o u t i  ( G R O D )  h a s  r e q u e s t e d  
AID a s s i s t a n c e  i n  d e t e r m i n i n g  t h e  long- te rm p o t e n t i a l  o f  a g r i c u l t u r a l  
deve lopmen t .  By a n a l y z i n g  d a t a  o n  so i l s  and  water r e s o u r c e s ,  GROD 
o f f i c i a l s  w i l l  b e  able t o  make r a t i o n a l  economic d e c i s i o n s  r e g a r d i n g  
D j i b o u t i ' s  f u t u r e  deve lopmen t  i n  f o o d  p r o d u c t i o n  and  w a t e r  and  s o i l  
c o n s e r v a t i o n .  

A p a u c i t y  o f  a c c u r a t e  and d e t a i l e d  i n f o r m a t i o n  f o r  p r o v i d i n g  a 
sound  d a t a  base i s  a p r i m a r y  j u s t i f i c a t i o n  fo r  A I D  a s s i s t a n c e  t o  t h e  
GROD a t  t h i s  t i m e .  The n a t u r e  and t i m i n g  o f  A I D  a s s i s t a n c e  i s  
p r e d i c a t e d  o n  t h e  b e l i e f  t h a t  a g r i c u l t u r a l  p o t e n t i a l  e x i s t s  i n  
D j i b o u t i  and  t h a t  U .  S. t e c h n i c a l  a s s i s t a n c e ,  even  i f  modes t ,  c a n  h a v e  
a s i g n i f i c a n t  impact i f  c o n c e n t r a t e d  o n  t h e  m o s t  basic  r e s o u r c e  n e e d s ,  
i . e . ,  w a t e r  and soils.  

Th,e p r o j e c t  w i l l  i n s t i t u t i o n a l i z e ,  t h r o u g h  t r a i n i n g  i n  t h e  
M i n i s t r y  o f  A g r i c u l t u r e  and  R u r a l  Development ( M O A ) ,  t h e  c a p a c i t y  t o  
u n d e r t a k e  s t u d i e s  s u p p o r t i v e  o f  long- te rm a g r i c u l t u r a l  sector 
deve lopmen t ,  t h a t  is ,  t h e  c a p a c i t y  t o  d o  b a s i c  a p p l i e d  r e s e a r c h  which  
h a s  immed ia t e  p r ac t i ca l  b e n e f i t s  t o  t h e  D j i b o u t i a n  f a r m e r .  The  key  
a s s u m p t i o n  i s  t h a t  i n i t i a l  r e s u l t s  w i l l  i n d i c a t e  t h e  a g r i c u l t u r a l  
i n p u t s  ( s e e d s ,  f e r t i l i z e r s ,  e t c . )  i n  which f a r m e r s  s h o u l d  i n v e s t  and  
t h e  e x t e n t  t o  which t h a t  i n v e s t m e n t  i s  e c o n o m i c a l l y  a n d  s o c i a l l y  
j u s t i f i a b l e .  



Over  t h e  two-year  l i f e  of t h e  p r o j e c t ,  A I D  w i l l  p r o v i d e  r e s o u r c e s  
t o t a l l i n g  $497 ,000 ,  t o  f i n a n c e  t h e  l ong - t e rm  s e r v i c e s  o f  a  
h y d r o g e o l o g i s t  who h a s  h a d  e x p e r i e n c e  i n  s o i l  s a m p l i n g .  This a d v i s o r  
w i l l  work w i t h  a n d  t r a i n  D j i b o u t i a n  c o u n t e r p a r t s  i n  e x p l o r i n g  f o r  
a q u i f e r s ,  a n a l y z i n g  w a t e r  s a m p l e s ,  t a k i n g  s o i l  s a m p l e s ,  d i r e c t i n a  
soils a n a l y s e s  and  i n t e r p r e t i n g  t h e  r e s u l t s  t o  t h e  f a r m e r s  who work 
t h o s e  so i l s .  H e  w i l l  a lso  ass i s t  i n  t h e  e s t a b l i s h m e n t  of a water and  
so i l s  a n a l y s e s  l a b o r a t o r y  which  i s  b e i n g  b u i l t  and p a r t i a l l y  e q u i p p e d  
b y  t h e  GROD. S h o r t - t e r m  c o n s u l t a n t  s e r v i c e s  i n  s o i l s  . a n d  w a t e r  
r e s o u r c e s  p l a n n i n g  w i l l  a l so  be p r o v i d e d  t o  ass is t  t h e  l o n g - t e r m  
a d v i s o r  i n  p r e p a r i n g  soils and  w a t e r  i n v e n t o r i e s .  Bo th  l o n g - t e r m  U .  
S .  and  s h o r t - t e r m  T h i r d  C o u n t r y  p a r t i c i p a n t  t r a i n i n g  w i l l  be o f f e r e d  
t o  D j i b o u t i a n  s t a f f  o f  t h e  w a t e r / s o i l s  l a b o r a t o r y .  T h i s  s t a f f  w i l l  
make a v a i l a b l e  a p p l i e d  r e s e a r c h  t o  t h e  e x i s t i n g  a g r i c u l t u r a l  e x t e n s i o n  
s e r v i c e ,  a n d  i t s  a g e n t s ,  g i v i n g  i n f o r m a t i o n  o f  p r a c t i c a l  v a l u e  and  
b e n e f i t  t o  t h e  farmers. I n  a d d i t i o n ,  s u p p l e m e n t a r y  e q u i p m e n t  a n d  
s u p p l i e s  w i l l  be p u r c h a s e d  f o r  t h e  laboratory,  a s  w e l l  as a p r o j e c t  
v e h i c l e  and  camping e q u i p m e n t  t o  a s s u r e  maximum m o b i l i t y  fo r  t h e  l o n s  
a n d  s h o r t - t e r m  t e c h n i c a l  a d v i s o r s .  Funds  w i l l  a l so  be p r o v i d e d  f o r  
a i r c r a f t  r e n t a l ,  c o m m u n i c a t i o n s ,  v e h i c l e  o p e r a t i o n  and  m a i n t e n a n c e ,  
t e m p o r a r y  l o d g i n g  a n d  m i s c e l l a n e o u s  o p e r a t i n g  e x p e n s e s .  

I n  s u p p o r t  of t h i s  p r o j e c t ,  t h e  GROD i s  p r e p a r e d  t o  f i n a n c e  t h e  
e q u i v a l e n t  of $198 ,000 ,  t o  p r o v i d e  c o m p l e t e  access t o  and  u s e  o f  a 
w a t e r  and so i l s  l a b o r a t o r y ,  i n c l u d i n g  e q u i p m e n t  and  s u p p l i e s ,  p l u s  t h e  
s e r v i c e s  o f  t h e  f o l l o w i n g  D j i b o u t i a n  l a b o r a t o r y  p e r s o n n e l :  o n e  
h y d r o l o g i s t ,  o n e  water q u a l i t y  c h e m i s t ,  o n e  o r  t w o  so i l s  s c i e n t i s t s ,  
o n e  l i b r a r i a n ,  o n e  lab  a s s i s t a n t  a n d  n o n - p r o f e s s i o n a l s ,  a s  r e q u i r e d .  
T h e s e  t e c h n i c i a n s  and  f a c i l i t i e s  w i l l  b a c k s t o p  t h e  10-man a g r i c u l t u r a l  
e x t e n s i o n  s e r v i c e ,  wh ich  w i l l  b r i n g  s o i l s  and  water s a m p l e s  t o  t h e  
l a b o r a t o r y  and  t a k e  t h e  p r a c t i c a l  a d v i c e  d e r i v e d  from l a b o r a t o r y  
f i n d i n g s  t o  t h e  farmers. 

The  e s t i m a t e d  t o t a l  cost of t h e  p r o j e c t  i s  $ 6 9 5 , 0 0 0 ,  o f  which  A I D  
w i l l  c o n t r i b u t e  $ 4 9 7 , 0 0 0  a n d  t h e  GROD w i l l  c o n t r i b u t e  $198 ,000 .  A I D  
l i f e - o f - p r o j e c t  f i n a n c i n g  w i l l  be p r o v i d e d  i n  FY 1979 .  

T h i s  p r o j e c t  w i l l  be t h e  f i r s t  o f  s e v e r a l  p r o j e c t s  i n  a m o d e s t ,  
b i l a t e r a l  a s s i s t a n c e  program i n  D j i b o u t i .  The GROD i s  k e e n l y  
i n t e r e s t e d  i n  i m p l e m e n t i n g  t h i s  p r o j e c t  a s  s o o n  a s  possible t o  
c o i n c i d e  w i t h  c o m p l e t i o n  of t h e  water and s o i l s  a n a l y s i s  laboratory i n  
A u g u s t  1979 .  The GROD o f f i c i a l  r e q u e s t  f o r  a s s i s t a n c e  i s  a t t a c h e d  a s  
Annex A .  

C. The P r o j e c t  P a p e r  ( P P )  D e s i g n  Team 

The  team r e s p o n s i b l e  fo r  t h e  p r e p a r a t i o n  of t h i s  P r o j e c t  P a p e r  
i n c l u d e d  two s o i l  s c i e n t i s t s ,  a h y d r o l o g i s t ,  a n  i r r i g a t i o n  e n g i n e e r ,  
a n  a g r i c u l t u r a l  e c o n o m i s t ,  a r u r a l  s o c i o l o g i s t ,  a n d  a d e s i g n  
c o n s u l t a n t .  The team was t h o r o u g h l y  b r i e f e d  by  t h e  A I D  A f f a i r s  
O f f i c e r  i n  D j i b o u t i  ( ~ ~ ~ / ~ j i b o u t i )  a n d  a t  m e e t i n g s  a r r a n g e d  w i t h  t h e  
U .  S. C h a r g e  d l A f f a i r e s  and  v a r i o u s  local  a g r i c u l t u r a l  e x p e r t s  and  
GROD o f f i c i a l s .  S i t e  v i s i t s  w e r e  u n d e r t a k e n  i n  t h r e e  of t h e  f o u r  
a d m i n i s t r a t i v e  r e g i o n s  ( C e r c l e s )  of t h e  c o u n t r y .  The f o u r t h  r e g i o n  
c o u l d  n o t  be v i s i t e d  d u e  t o  l i m i t a t i o n s  of t i m e  a n d  t r a n s p o r t .  



Members of t h e  team were t a k e n  o n  a c h a r t e r e d  a i r  f l i q h t  f o r  a n  a e r i a l  
over -v iew o f  t h e  c o u n t r y  a t  l o w  a l t i t u d e .  Numerous d i s c u s s i o n s  and  
i n t e r v i e w s  were h e l d  w i t h  D j i b o u t i a n s  a t  a l l  l e v e l s  of s o c i e t y ,  f rom 
nomadic herdsmen t o  government  m i n i s t e r s .  

A s  t h e  work o f  t h e  P P  t eam p r o g r e s s e d ,  t w o  f a c t s  become c l e a r .  
On t h e  o n e  hand ,  team i n v e s t i g a t i o n  e s t a b l i s h e d  t h a t  c e r t a i n  s m a l l  
a r e a s  o f  t he  c o u n t r y  ( q u a s i - o a s e s )  a p p e a r e d  t o  h a v e  t h e  n e c e s s a r y  s o i l  
and  w a t e r  r e q u i r e m e n t s  f o r  s u c c e s s f u l  a g r i c u l t u r e .  On t h e  o t h e r  hand ,  
t h e  amount o f  t i m e  a v a i l a b l e  t o  t h e  team and t h e i r  need  t o  make 
judgments  b a s e d  o n l y  o n  o b s e r v a t i o n  r a t h e r  t h a n  t h o r o u g h  a c c e p t e d  
l a b o r a t o r y  p r o c e d u r e s  combined t o  make t he  d e t e r m i n a t i o n  o f  s p e c i f i c  
i n t e r v e n t i o n s  d i f f i c u l t .  The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  c o u n t r y  
a n d  t h e  f i n a n c i a l  and  o r g a n i z a t i o n a l  d i f f i c u l t i e s  t o  be e x p e c t e d  i n  a  
newly  i n d e p e n d e n t  n a t i o n  s u g g e s t e d  t h a t  a g r i c u l t u r a l  s e c t o r  
d e v e l o p m e n t  s h o u l d  be app roached  w i t h  c a u t i o n  t o  p r e v e n t  A I D  a n d  GROD 
commitment t o  unwie ldy ,  e x p e n s i v e  programs .  T h i s  a p p r o a c h  h a s  b e e n  
a g r e e d  t o  by  t h e  MOA. The l a c k  o f  n e c e s s a r y  d a t a  c o n c e r n i n g  t h e  
a g r i c u l t u r a l  s i t u a t i o n  and t h e  r e s u l t i n g  l a c k  o f  a c o h e r e n t  n a t i o n a l  
p o l i c y  w i t h  c lear  g o a l s  s u g g e s t e d  t h a t  a n  i n t e n s i v e  e f f o r t  t o  p romote  
a g r i c u l t u r a l  e x t e n s i o n  would be p r e m a t u r e ,  a n d ,  i f  p o o r l y  p r e p a r e d ,  
p o t e n t i a l l y  d e t r i m e n t a l  t o  f u t u r e  a g r i c u l t u r a l  deve lopmen t .  

W i t h  t h e  above  i n  mind, t h e  s e a r c h  began  f o r  a  p r a c t i c a l  
i n i t i a t i v e  t h a t  would b u i l d  on  t h e  p o s i t i v e  i n f o r m a t i o n  c o l l e c t e d  by 
t h e  t eam.  Dur ing  t h i s  p r o c e s s ,  t h e  team l e a r n e d  t h a t  t h e  GROD h a d  
commi t t ed  f u n d s  f o r  t h e  c o n s t r u c t i o n  and  t h e  e s t a b l i s h m e n t  o f  a  w a t e r  
a n d  so i l s  laboratory f o r  i n v e s t i g a t i o n  o f  D j i b o u t i ' s  a g r i c u l t u r a l  
p r o d u c t i o n  p o t e n t i a l .  D i s c u s s i o n s  be tween  team members and  government  
o f f i c i a l s  i n d i c a t e d  t w o  c o n d i t i o n s :  

(1) The equ ipmen t  a l r e a d y  o r d e r e d  f o r  t h e  l a b o r a t o r y  was 
i n a d e q u a t e  f o r  t h e  p r e p a r a t i o n  o f  t h e  n e c e s s a r y  w a t e r  and 
s o i l  i n v e n t o r i e s ,  and  

(2) whi le  some l o c a l  e x p e r t i s e  e x i s t e d ,  t h e r e  w a s  a  need  f o r  
p r o f e s s i o n a l  t e c h n i c a l  a s s i s t a n c e  i n  s u p p o r t  o f  t h e  
l a b o r a t o r y .  GROD o f f i c i a l s  c o n c u r r e d  i n  t h i s  a s s e s s m e n t ,  
but there  w e r e  insufficient funds available f o r  a 
s i g n i f i c a n t  e x p a n s i o n  o f  t h e i r  p r o j e c t .  I t  was the judgment 
o f  t he  team t h a t  t h e  l a b o r a t o r y  e f f o r t  was a n  a p p r o p r i a t e  
r e s p o n s e  t o  t h e  s i t u a t i o n  and  w o r t h y  o f  s u p p o r t ,  a s  i t  would 
l a y  a  n e c e s s a r y  f o u n d a t i o n  o f  i n f o r m a t i o n  f o r  f u t u r e  
a c t i v i t i e s  i n  the  a g r i c u l t u r a l  s e c t o r  and  would p e r m i t  a  
s t e p - b y - s t e p  p r a c t i c a l  e x t e n s i o n  o f  a g r i c u l t u r a l  s u p p o r t  

, s e r v i c e s  t o  e x i s t i n g  f a r m e r s .  

Each m e m b e r  o f  the  P P  team p r e p a r e d  a t e c h n i c a l  r e p o r t ,  i n c l u d i n g  
a n a l y s e s  o f  s o u r c e s  o f  d a t a  o n  w a t e r  and so i l s  r e s o u r c e s ,  o b s e r v a t i o n s  
a n d  recommendat ions  f o r  A I D  a s s i s t a n c e .  The t e c h n i c a l  r e p o r t s  a r e  
a v a i l a b l e  o n  f i l e  i n  REDSO/EA and  ~ ~ ~ / ~ j i b o u t i .  



BACKGROUND AND - DETAILED DESCRIPTION 

A .  Background 

1. P r o j e c t  S e t t i n g  

The former T e r r i t o r y  o f  t h e  A f a r s  and I s s a s  o n l y  r e c e n t l y  became 
t h e  Republ ic  of  D j i b o u t i ,  g a i n i n g  i t s  independence  from France  i n  
1977. No A I D  r e l a t i o n s h i p  had p r e v i o u s l y  e x i s t e d  w i t h  t h e  T e r r i t o r y .  
O t h e r  t h a n  t h e  d i s t r i b u t i o n  o f  P.L. 480 foods  and o t h e r  a s s i s t a n c e  t o  
t h e  r e f u g e e  communit ies  r e s u l t i n g  from t h e  war i n  t h e  Ogaden, 
~ ~ ~ / D j i b o u t i  p r o j e c t s  and a c t i v i t i e s  a r e  p r e s e n t l y  i n  t h e  p l a n n i n g  and 
development  s t a g e s .  

With an e s t i m a t e d  p o p u l a t i o n  o f  300,000,  D j i b o u t i  i s  a s m a l l  
c o u n t r y  i n  one  o f  t h e  w o r l d ' s  d r i e s t  i n h a b i t e d  a r e a s .  R a i n f a l l  
a v e r a g e s  abou t  200 mm p e r  y e a r .  A l a r g e  p r o p o r t i o n  o f  D j i b o u t i ' s  
p o p u l a t i o n  i s  a c t i v e  i n  nomadic husbandry ,  h e r d i n g  p r i m a r i l y  g o a t s  and 
sheep ,  w i t h  s m a l l e r  numbers o f  c a t t l e  and camels.  D j i b o u t i ' s  p r e s e n t  
c e n t e r  o f  economic a c t i v i t y  and t h e  p r imary  r e a s o n  f o r  t h e  o r i g i n a l  
French c o l o n i z a t i o n  a r e  found i n  t h e  o p e r a t i o n  o f  t h e  port l o c a t e d  a t  
t h e  c a p i t a l  c i t y .  T h i s  p o r t  and t h e  r a i l r o a d  c o n n e c t i n g  it t o  
E t h i o p i a  p r o v i d e  t h e  p o p u l a t i o n ' s  major  s o u r c e  o f  employment and 
income. 

Ninety-seven p e r c e n t  o f  D j i b o u t i ' s  food i s  impor ted ,  i n c l u d i n g  
a l l  o f  i t s  food g r a i n s .  T r a d i t i o n a l l y ,  t h e  m a j o r i t y  o f  t h i s  food was 
impor ted  by r a i l  from ne ighbor ing  E t h i o p i a .  However, t h e  r e c e n t  
f i g n t i n g  i n  t h e  Ogaden h a s  s e v e r e l y  d i s r u p t e d  r a i l  s e r v i c e  and 
r e s u l t e d  i n  i n c r e a s e d  food i m p o r t s  from Kenya and France.  The 
a d d i t i o n a l  expense invo lved  i n  t h i s  i m p o r t a t i o n  h a s  l e d  t o  s t e e p  
i n c r e a s e s  i n  food p r i c e s  and s h o r t a g e s .  The d i s r u p t i o n  o f  r a i l  
s e r v i c e  h a s  a l s o  c r e a t e d  unemployment f o r  a  l a r g e  segment o f  
D j i b o u t i ' s  s a l a r i e d  l a b o r  f o r c e .  The d r o p  i n  income, r i se  i n  p r i c e s  
and i n f l u x  of  r e f u g e e s  have  combined t o  c r e a t e  s e v e r e  economic 
d i f f i c u l t i e s .  Although o c c a s i o n a l  day-t ime r a i l  s e r v i c e  h a s  resumed, 
t h e  long-term p r o g n o s i s  remains  u n c l e a r .  

The l a c k  o f  a g r i c u l t u r a l  growth i n  t h e  loca l  economy may be 
a t t r i b u t e d  t o  i n s u f f i c i e n t  e x p e r t i s e  among t h e  l o c a l  nomadic 
i n h a b i t a n t s  and a s c a r c i t y  o f  known s o u r c e s  o f  s u i t a b l e  s o i l  and 
w a t e r .  S i n c e  t h e  e a r l y  1 9 4 0 1 s ,  t h e  French have  under taken  
a g r i c u l t u r a l  schemes, b u t  w i t h  l i m i t e d  s u c c e s s .  Yemeni f a rmers  had 
e s t a b l i s h e d  g a r d e n s  i n  r e c e n t  y e a r s ,  b u t  w e r e  g e n e r a l l y  u n b l e  t o  
o b t a i n  s u f f i c i e n t  income t o  c o n t i n u e  farming.  While  adequa te  s o i l  and 
w a t e r  for a g r i c u l t u r e  a r e  though t  t o  e x i s t  i n  p a r t s  o f  D j i b o u t i ,  t h e r e  
i s  no s y s t e m a t i c ,  c e n t r a l i z e d  c o l l e c t i o n  o f  s c i e n t i f i c a l l y  a c c e p t a b l e  
w a t e r  and s o i l  i n f o r m a t i o n  c u r r e n t l y  a v a i l a b l e  f o r  a g r i c u l t u r a l  
p l a n n i n g  and f o r  d i s s e m i n a t i o n  t o  f a r m e r s  th rough  t h e  a g r i c u l t u r  a 1  
e x t e n s i o n  s e r v i c e .  



2 .  The I m p o r t a n c e  o f  Water R e s o u r c e s  and  S o i l s  f o r  - - - - 
Development 

a )  Water  R e s o u r c e s  

A s  i s  t r u e  o f  a l l  n a t i o n s ,  w a t e r  i s  e s s e n t i a l  t o  t h e  
p h y s i c a l  w e l l - b e i n g  o f  t h e  p e o p l e  o f  D j i b o u t i  and t o  t h e  f u t u r e  
economic  deve lopmen t  o f  t h e  n a t i o n .  The h i g h e s t  p r i o r i t y  f o r  w a t e r  
u s e  i s  f o r  d o m e s t i c  consumpt ion .  The r a p i d  i n c r e a s e  i n  r e c e n t  y e a r s  
o f  D j i b o u t i ' s  p o p u l a t i o n  ( a v e r a g e  a n n u a l  g rowth  r a t e ,  i n c l u d i n q  
r e f u g e e s ,  i s  e s t i m a t e d  a t  close t o  5 % )  h a s  s e v e r e l y  i n c r e a s e d  n a t i o n a l  
r e q u i r e m e n t s  f o r  w a t e r  i n  a n  a r e a  t h a t  i s  o n e  o f  t h e  w o r l d ' s  most a r i d  
a n d  where w a t e r  h a s  t r a d i t i o n a l l y  b e e n  a t  a  premium. Eeyond d o m e s t i c  
p u r p o s e s ,  w a t e r  w i l l  a l s o  be needed  i n  t h e  e v e n t  o f  i n c r e a s e d  
a g r i c u l t u r a l  a n d / o r  i n d u s t r i a l  deve lopmen t  which w i l l  b r i n s  even  
g r e a t e r  s t r a i n s  t o  b e a r  upon e x i s t i n g  and  p r e s e n t l y  f o r e s e e a b l e  w a t e r  
s u p p l i e s .  P r o p e r  p l a n n i n g  w i l l  be r e q u i r e d  f o r  t h e  e f f i c i e n t  u s e  o f  
w a t e r  i n  t h e  f u t u r e .  A c l e a r  u n d e r s t a n d i n g ,  i n s o f a r  a s  t h i s  i s  
p o s s i b l e ,  o f  t o t a l  w a t e r  r e s o u r c e s ,  b o t h  s u r f a c e  and  g r o u n d w a t e r ,  w i l l  
be e s s e n t i a l  t o  t h i s  p l a n n i n g .  

P r e s e n t  i n f o r m a t i o n  r e g a r d i n g  D j i b o u t i ' s  w a t e r  r e s o u r c e s  i s  
i n s u f f i c i e n t  t o  d e t e r m i n e  a c c e p t a b l e  i n i t i a t i v e s  f o r  A I D ' S  
c o n s i d e r a t i o n  i n  t h e  a r e a  o f  l a r g e - s c a l e  i n c r e a s e d  a g r i c u l t u r a l  
p r o d u c t i o n .  P r i o r  t o  t h e  p r o p o s a l  o f  w a t e r - r e l a t e d  p r o j e c t s ,  i t  i s  
e s s e n t i a l  t h a t  a  f u l l  w a t e r  r e s o u r c e s  i n v e n t o r y  be u n d e r t a k e n  i n  
D j i b o u t i  under  t h e  d i r e c t i o n  o f  t e c h n i c a l l y  c o m p e t e n t  i n d i v i d u a l s  and  
s u p p o r t e d  w i t h  t he  n e c e s s a r y  equ ipmen t  and  l a b o r t o r y  f a c i l i t i e s .  Such 
a n  i n v e n t o r y  would a l s o  p r o v i d e  s i g n i f i c a n t  b e n e f i t s  t o  t h e  GROD i n  
i t s  c o n c e r n  w i t h  t h e  p rob lems  a s s o c i a t e d  w i t h  p o p u l a t i o n  g rowth  and 
i n d u s t r i a l  deve lopment .  

b )  S o i l s  

I t  i s  n o t  f e a s i b l e ,  a t  t h i s  t i m e ,  t o  s t a t e  d e f i n i t e l y  t h e  
r e l a t i o n s h i p  o f  D j i b o u t i ' s  so i l s  t o  t h e  p o t e n t i a l  f o r  n a t i o n a l  
a g r i c u l t u r a l  deve lopment .  A s  D j i b o u t i  l a c k s  a  t r a d i t i o n  o f  fa rm 
c u l t i v a t i o n ,  t h i s  r e l a t i o n s h i p  c a n n o t  be d e t e r m i n e d  by p a s t  
e x p e r i e n c e .  For  t h e  p r e s e n t ,  t h e  i n f l u e n c e  o f  so i l s  on  f u t u r e  
p r o d u c t i o n  c a n  o n l y  be e s t i m a t e d .  Howevere, i t  c a n  he s a i d ,  b a s e d  on 
t h e  a n a l y s i s  o f  t h e  l i m i t e d  d a t a  a v a i l a b l e  a n d  f o l l o w i n g  d i s c u s s i o n s  
w i t h  l o c a l  e x p e r t s  and o f f i c i a l s ,  t h a t  it a p p e a r s  t h a t  a r a b l e  so i l s  
e x i s t  i n  s u f f i c i e n t  q u a n t i t y  i n  v a r i o u s  r e g i o n s  o f  D j i b o u t i  t o  j u s t i f y  
p r o f e s s i o n a l  i n t e r e s t  and  c e r t a i n l y  t o  j u s t i f y  l a b o r a t o r y  and 
e x t e n s i o n  f a c i l i t i e s  t o  i n v e n t o r y  t h o s e  so i l s  which  a r e  b e i n g  worked 
i n  order t o  i d e n t i f y  wha t  t r e a t m e n t  t h e y  r e q u i r e  t o  y i e l d  optimum, 
s u s t a i n a b l e  c r o p s .  

Bo th  t h e  immedia te  a n d  t h e  e v e n t u a l  deve lopmen t  o f  a r a b l e  
l a n d  c o u l d  be o f  s i g n i f i c a n t  economic and  s o c i a l  b e n e f i t  t o  G j i b o u t i .  
The  p r e s e n t  d i e t  o f  many D j i b o u t i a n s ,  p a r t i c u l a r l y  i n  r u r a l  a r e a s ,  i s  
c o m p r i s e d  i n  l a r g e  p a r t  o f  m i l k ,  b o i l e d  sorghum and some meat  from o n e  
or more o f  v a r i o u s  l i v e s t o c k  s o u r c e s :  g o a t s ,  s h e e p ,  c a t t l e ,  a n d / o r  
came l s .  This d i e t  d o e s  p r o v i d e  s u f f i c i e n t  n u t r i e n t s ,  assuming  a  
s u f f i c i e n t  q u a n t i t y  i s  consumed. O b s e r v a t i o n s  o f  t h e  c u r r e n t  



s i t u a t i o n  and  i n v e s t i g a t i o n  o f  t h e  l i t e r a t u r e  s u g g e s t s  t h a t ,  w h e r e a s  
n u t r i t i o n a l  d e f i c i e n c i e s  d o  e x i s t  a s  m i g h t  be e x p e c t e d  i n  a  low-income 
d e v e l o p i n g  n a t i o n ,  t h e  g e n e r a l  n u t r i t i o n a l  s t a t u s  o f  t h e  p o p u l a t i o n  i s  
n o t  a l a r m i n g .  However, a s  t h e  e s t i m a t e d  p o p u l a t i o n  q rowth  r a t e  i s  i n  
e x c e s s  o f  4% a n n u a l l y ,  i t  i s  d o u b t f u l  t h a t  ( a )  t h e  h e r d s  o f  l i v e s t o c k  
c a n  a l s o  i n c r e a s e  s u f f i c i e n t l y  i n  t he  coming y e a r s  t o  m e e t  f u t u r e  
n e e d s ,  a n d / o r  ( b )  D j i b o u t i ' s  e c o l o g y  c a n  s u p p o r t  such  a n  i n c r e a s e  
w i t h o u t  dange r  o f  o v e r - g r a z i n g .  This i s  p a r t i c u l a r l y  a  p rob lem f o r  
t h e  r a p i d l y  g rowing  u r b a n  c e n t e r  o f  D j i b o u t i  c i t y .  I f  t h e  s e r i o u s  q a p  
p e r s i s t s  be tween  food  r e q u i r e m e n t s  and food  s u p p l i e s  ( a s  r e p r e s e n t e d  
by l i v e s t o c k ) ,  a  g a p  p r e s e n t l y  overcome by F rench  s u b s i d i e s ,  t h e n  a n  
a l t e r n a t i v e  s o u r c e  o f  p r o t e i n / v i t a r n i n s / m i n e r  a l s  w i l l  be r e q u i r e d .  
T h i s  a l t e r n a t i v e  s o u r c e  c o u l d  i n c l u d e  g r a i n s ,  v e g e t a b l e s ,  and f r u i t s  
grown l o c a l l y  f o r  l o c a l  consumpt ion .  F u r t h e r ,  D j i b o u t i  p r e s e n t l y  
i m p o r t s  a n  e s t i m a t e d  9 7 %  o f  i t s  food  r e q u i r e m e n t s .  Thee  i m p o r t a t i o n s  
f rom a r e a s  a s  d i s t a n t  a s  F r a n c e  and  Kenya r e p r e s e n t  a  ma jo r  e x p e n s e  t o  
t h e  c o u n t r y ,  r e q u i r i n g  t h e  u s e  o f  a  l a r g e  p r o p o r t i o n  o f  D j i b o u t i ' s  
1 i m i t e d  ( and  e x t e r n a l l y  s u p p l i e d )  f i n a n c i a l  r e s o u r c e s  and  t h u s  d e n y i n g  
their  u s e  f o r  o t h e r  v i t a l l y  i m p o r t a n t  deve lopmen t  p r o j e c t s .  Thus,  i t  
i s  c c n c l u d e d  t h a t  t he  i n v e s t i g a t i o n  o f  D j i b o u t i ' s  s o i l  r e s o u r c e s  and 
t h e i r  p o t e n t i a l  u s e  f o r  c u l t i v a t i o n  i s  a  c o n c e r n  w a r r a n t i n g  t h e  
a t t e n t i o n  and s u p p o r t  o f  t h e  Government o f  D j i b o u t i  and A I D .  

c )  B a s i s  f o r  I n t e r v e n t i o n  

The  GROD M i n i s t r y  o f  A g r i c u l t u r e  and R u r a l  Development (MOA) 
i s  r e s p o n s i b l e  f o r  a l l  a g r i c u l t u r a l  m a t t e r s .  The M i n i s t r y  employs a n  
a v e r a g e  o f  400 p e o p l e  d u r i n g  t h e  c o u r s e  o f  t h e  y e a r ,  o f  whom 
a p p r o x i m a t e l y  1 0 0  h o l d  p r o f e s s i o n a l  p o s i t i o n s  a t  v a r y i n g  l e v e l s .  
W i t h i n  t h e  M i n i s t r y ,  there a r e  t h r e e  " S e r v i c e s " :  A g r i c u l t u r e  and 
F o r e s t r y ,  Rur a 1  E n g i n e e r i n g ,  and L i v e s t o c k  and  F i s h e r i e s  ( see a t t a c h e d  
o r g a n i z a t i o n  p l a n ,  Annex B ) .  T h e  d e t e r m i n a t i o n  o f  t h e  q u a l i t y  o f  
s o i l s  and  w a t e r  and t he  p r o v i s i o n  and  p r o m o t i o n  o f  t h e i r  u s e  f o r  
c u l t i v a t i o n  a r e  p r i m a r i l y  t h e  c o n c e r n s  o f  t h e  f i r s t  t w o  S e r v i c e s .  
Approx ima te ly  50% o f  t h e  M i n i s t r y ' s  employees  work under  t h e  R u r a l  
E n g i n e e r i n g  S e r v i c e ,  which  i s  p a r t i c u l a r l y  conce rned  w i t h  t h e  
p r o v i s i o n  o f  w a t e r  s u p p l i e s .  

A l though  r e c o g n i z i n g  t h e  needs  p r e s e n t e d  above ,  it would be 
p r e m a t u r e  f o r  A I D  and  GROD t o  i n i t i a t e  f i n a n c i n g  f o r  l a r g e - s c a l e  
c u l t i v a t i o n  programs a t  t h i s  t i m e .  Much more s p e c i f i c  d a t a  o n  so i l s  
a n d  w a t e r  r e s o u r c e s  must  be accumula t ed  b e f o r e  such  e f f o r t s  s h o u l d  be 
under  t a k e n .  The c o l l e c t i o n  o f  t h i s  d a t a  w i l l  r e q u i r e  c o n s i d e r a b l y  
more  t i m e  t h a n  i s  a v a i l a b l e  t o  s h o r t - t e r m  teams.  F u r t h e r m o r e ,  
a d e q u a t e  l a b o r a t o r y  f a c i l i t i e s  a r e  n o t  c u r r e n t l y  a v a i l a b l e  i n  
D j i b o u t i .  

The MOA h a s  begun t h e  c o n s t r u c t i o n  o f  a  v a r i e t y  o f  o f f i c e s  
and  a  l a b o r a t o r y .  The p r imary  p u r p o s e  o f  t h e  l a b o r a t o r y  w i l l  be t o  
s u p p o r t  t h e  i n v e s t i g a t i o n  o f  w a t e r  r e s o u r c e s ,  s o i l s  r e s e a r c h  and l a n d  
c l a s s i f i c a t i o n .  The e f f e c t i v e n e s s  o f  w a t e r  and s o i l s  r e s e a r c h ,  
however ,  w i l l  be g r e a t l y  enhanced and t h e  r e s u l t s  o f  t h a t  r e s e a r c h  
w i l l  be o f  g r e a t e r  b e n e f i t  t o  f u t u r e  a c t i v i t i e s ,  p a r t i c u l a r l y  i n  t e r m s  
o f  a g r i c u l t u r a l  p r o d u c t i o n .  S p e c i f i c a l l y ,  a d d i t i o n a l  i n p u t s ,  



p a r t i c u l a r l y  i n  terms o f  a d d i t i o n a l  equipment and t e c h n i c a l  
a s s i s t a n c e ,  w i l l  g r e a t l y  i n c r e a s e  t h e  b e n e f i t s  t o  be d e r i v e d  from t h e  
work of t h e  l a b o r a t o r y .  

Cons t ruc t i on  o f  t h e  l a b o r a t o r y  i s  expec ted  t o  beg in  i n  l a t e  
1978,  w i t h  complet ion  expected  by mid-1979. Within  t h e  MOA, t h e  
l a b o r a t o r y  w i l l  be admin i s te red  by a  s p e c i a l  and newly-created 
Labora to ry  S e c t i o n  o f  t h e  Rural  Eng ineer ing  S e r v i c e ,  under t h e  q e n e r a l  
a d m i n i s t r a t i v e  overview of  t h e  Techn i ca l  Advisor  t o  t h e  Min i s t e r  
( F r e n c h )  and, u l t i m a t e l y ,  t h e  Min i s t e r .  I n  o r d e r  t o  c o o r d i n a t e  
a c t i v i t i e s  w i th  a g r i c u l t u r a l  p l ann ing ,  t h e  l a b o r a t o r y  w i  11 coope ra t e  
c l o s e l y  w i th  t h e  S t u d i e s  S e c t i o n  o f  t h e  MOA A g r i c u l t u r e  and F o r e s t r y  
S e r v i c e .  I t  w i l l  a l s o ,  f o r  p r a c t i c a l  purposes ,  be l i n k e d  w i t h  t h e  POA 
A g r i c u l t u r a l  Ex tens ion  S e r v i c e .  



B .  Detailed Description 

I .  Sector Goal and Projec t  Purpose -- 
The purpose of t h e  p ro jec t  i s  t o  i n s t i t u t i uona l i ze  within 

t h e  MOA Rural Engineering Service t h e  capaci ty t o  ( a )  analyze around 
and surface  water quant i ty  and qua l i t y ,  a s  well a s  t o  corr,pile, 
catalogue and disseminate hydrological information, and ( b )  c l a s s i f y  
s o i l s ,  prepare s o i l s  maps and provide evaluation concerning the  proper 
u t i l i z a t i o n  of s o i l s .  I n  p r a c t i c a l  terms, farmers can be advised on 
s o i l  treatments t o  obtain optimum susta inable  y ie lds .  Achievement of 
t h i s  p ro jec t  purpose should impact on t h e  sector  goal of developing an 
information base for use by the  GROD i n  ( a )  na t ional  ag r i cu l tu r a l  
planning, and ( b )  i t s  dessmination t o  farmers through the  ag r i cu l tu r a l  
extension service.  

Assumption for  achieving t h e  sector  goal are  t h a t  ( a )  data 
o f  s u f f i c i e n t  importance and s c i e n t i f i c  v a l i d i t y  can be accumulated, 
and ( b )  t he  GROD has ( o r  can ob ta in )  the  necessary technical  
exper t i se  t o  evaluate and make use of t he  data and t o  c m u n i c a t e  i t s  
p r a c t i c a l  Application t o  farmers. 

By t he  end of t h e  p ro jec t ,  t he  laboratory s t a f f  fo  the  Rural 
Engineering Service w i l l  have begun work on an considerable port ion of 
a  nat ional  water resource inventory, with a t  l e a s t  preliminary 
s p e c i f i c  recommendations on the  ,potential for water and s o i l  use for 
crop production i n  the  more favorable areas  of Djibouti ,  e .g. ,  Plan de 
Goubet. The laboratory w i l l  a l s o  have undertaken a s o i l s  inventory 
and developed a land c l a s s i f i c a t i o n s  system i n  those areas: 

2 .  Project  Outputs 

The follcwing outputs  provide a d i r e c t  linkage t o  and a r e  
necessary for  the  accomplishment of t he  p ro jec t  purpose: 

( a )  a  water and s o i l s  analys is  laboratory f u l l y  
equipped and i n  f u l l  oprat ion;  

( b )  a  da t a  co l l ec t i on  system establ ished and ava i lab le  
for  t he  use of other  GROD, p r iva te  and donor 
i n s t i t u t i o n s ;  

( c )  systemization of ex i s t ing  water data  and 
information: 

( d )  documentation of s o i l s  and land c l a s s i f i c a t i o n ;  
and 

( e )  GROD personnel t ra ined and s t a f f i n g  the water and 
s o i l s  analys is  laboratory. 

Based on the  above, t he  magnitude or quan t i f i ab le  ind ica to rs  
of t he  outputs by t he  end of t he  p ro j ec t  include: 
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( a )  a 150m l a b o r a t o r y / o f  f i c e  complex equipped w i t h  

s u p p l i e s  and i n s t r u m e n t a t i o n  provided by b o t h  t h e  
GROD and A I D ;  

( b )  a t e c h n i c a l  l i b r a r y  e s t a b l i s h e d  and s t o c k e d  w i t h  
r e l e v a n t  t e x t s ,  manuals and j o u r n a l  s u b s c r i p t i o n s  
( i n  F rench)  i n  t h e  f i e l d s  o f  s o i l s  s c i e n c e ,  
hydro logy ,  wa te r  r esour  c e  p lann ing  and development  
and management o f  l a n d ;  

( c )  r e p o r t s  ( a p p r o x i m a t e l y  3 )  ' p r e p a r e d  on wa te r  
r e s o u r c e s  s u r v e y s  u s i n g  s t ream gauging,  w e l l -  
l o g g i n g  and m e t e o r o l o g i c a l  methods ; 

( d )  s e l e c t e d  s m a l l - s c a l e  wa te r  and s o i l  s t u d i e s  
( approx imate ly  3 )  under taken  i n  a r e a s  which have  
t h e  most a g r o - p o t e n t i a l  based on s o i l s  samples ;  

( e )  on- the- job  t r a i n i n g  completed f o r  a h y d r o l o g i s t  i n  
s t r e a m  gauging,  we l l - logg ing  i n t e r p r e t a t i o n  and 
d a t a  management, f o r  a l i b r a r i a n  i n  c a t a l o g u i n g  
and d a t a  management, and f o r  l a b  a s s i s t a n t s  i n  
s o i l s  sampl ing  and t e s t i n g ;  and 

( f )  a h y d r o l o g i s t  and wa te r  q u a l i t y  chemis t  t r a i n e d  t o  
c o n t i n u e  work on t h e  wa te r  r e s o u r c e s  i n v e n t o r y .  

3 .  P r o j e c t  I n p u t s  

A I D  i n p u t s  w i l l  b e  p rov ided  over  t h e  two-year l i f e  o f  t h e  
p r o j e c t .  They w i l l  c o n s i s t  o f  t h e  f o l l a w i n g :  

( a )  T e c h n i c a l  S e r v i c e s :  The long-term s e r v i c e s  o f  a 
h y d r o g e o l o g i s t  w i l l  b e  p rov ided  f o r  two y e a r s .  The pr imary  d u t i e s  o f  
t h i s  a d v i s o r  w i l l  b e  t o  d e v e l o p  and m a i n t a i n  t h e  water  and s o i l s  
a n l y s i s  l a b o r a t o r y ,  t r a i n  l o c a l  t e c h n i c i a n s ,  o p e r a t e  t h e  l a b o r a t o r y  
and ana lyze  samples for water  and s o i l  su rveys .  A p o s i t i o n  
d e s c r i p t i o n  i s  a t t a c h e d  a s  Annex C .  Required p r i o r  e x p e r i e n c e  f o r  
t h i s  p o s i t i o n  i n c l u d e s  s o i l  sampl ing .  Although h i s  t e c h n i c a l  t r a i n i n g  
res ts  i n  e x p l o r i n g  f o r  a q u i f e r s ,  t h e  a d v i s o r  w i l l  a l s o  t a k e  s o i l  
samples ,  d i r e c t  s o i l s  a n a l y s e s  and i n t e r p r e t  t h e  r e s u l t s  which w i l l  b e  
a v a i l a b l e  t o  t h e  a g r i c u l t u r a l  e x t e n s i o n  s e r v i c e  and o t h e r  GROD and 
donor o r g a n i z a t i o n s .  Shor t - te rm c o n s u l t a n t  s e r v i c e s  w i  11 a l s o  b e  
p rov ided  f o r  a t o t a l  of  f i v e  person-months. S p e c i a l i s t s  i n  wa te r  
r e s o u r c e s  p l a n n i n g  and s o i l  s c i e n c e  w i l l  p e r i o d i c a l l y  a s s i s t  i n  t h e  
l a b o r a t o r y ,  t r a i n  D j i b o u t i a n  l a b  s t a f f  i n  s o i l  sampling and g e n e r a l l y  
d i r e c t  t h e  s o i l s  i n v e n t o r y  and l a n d  c l a s s i f i c a t i o n  e f f o r t  between 
v i s i t s .  

( b )  P a r t i c i p a n t  T r a i n i n g :  Funds w i l l  b e  p rov ided  f o r  
t h e  t r a i n i n g  i n  t h e  U .  S. o f  a D j i b o u t i a n  i n  hydrology.  Upon h i s / h e r  
r e t u r n ,  h e / s h e  w i l l  j o i n  t h e  s t a f f  o f  t h e  l a b o r a t o r y  i n  c o n t i n u i n q  
research for the water resources inventory. One Djiboutian w i l l  a l so  
r e c e i v e  s h o r t - t e r m ,  s p e c i a l i z e d  t r a i n i n g  ( u p  t o  two months) i n  water  



c h e m i s t r y  and  q u a l i t y .  S u i t a b l e  t r a i n i n g  programs may be a v a i l a b l e  i n  
West A f r i c a .  

( c )  Commodities:  Equipment w i l l  be p r o v i d e d  t o  
supp lemen t  t h e  work o f  t h e  l a b o r a t o r y  i n  r e g a r d  t o  w a t e r  i n v e n t o r i e s ,  
s o i l s  c l a s s i f i c a t i o n s  and  f i e l d  i n v e s t i g a t i o n s ,  i n c l u d i n g  n e c e s s a r y  
sound ing  equipment ,  c o n d u c t i v i t y  meters, pH-meters, a  calorimeter , a  
n i t r o g e n  a n a l y z e r  and  b a l a n c e s .  An i l l u s t r a t i v e  equipment  l i s t  i s  
a t t a c h e d  (Annex D) . T o  p r o v i d e  m o b i l i t y  on  f i e l d  t r i p s  t h r o u g h o u t  t h e  
rugged  c o u n t r y  a  p r o j e c t  v e h i c l e w i l l  be p r o c u r e d .  T h e v e h i c l e m u s t  
h a v e  fou r -whee l -d r ive ,  be c a p a b l e  o f  c a r r y i n g  4-6 p e r s o n s  and  f i e l d  
g e a r  and h a v e  a  s e l f - r e s c u e  c a p a b i l i t y  ( f r o n t - e n d  winch,  s a n d  t r a c k s ,  
e t c . )  . A Toyo ta  Land C r u i s e r  i s  recommended. Camping equ ipmen t  w i l l  
a l s o  be p u r c h a s e d  t o  p e r m i t  l e n g t h y  f i e l d  t r i p s  by  t h e  a d v i s o r ,  s h o r t -  
t e r m  c o n s u l t a n t s  and  D j i b o u t i a n  t e c h n i c i a n s  o n  t h e  l a b o r a t o r y  s t a f f .  
A p rocu remen t  s o u r c e  and  o r i g i n  w a i v e r  f o r  t h e  p r o j e c t  v e h i c l e  i s  
a t t a c h e d  a s  Annex E .  

( d )  O t h e r  C o s t s :  Funds w i l l  be p r o v i d e d  f o r  a i r c r a f t  
r e n t a l  f o r  a e r i a l  r e c o n n a i s s a n c e  and t r a n s p o r t a t i o n  t o  r e l a t i v e l y  
i n a c c e s s i b l e  r e g i o n s  o f  t h e  c o u n t r y ,  communica t ions  ( i n c l u d i n g  t h e  
m a i l i n g  o f  s o i l  s a m p l e s  t o  i n t e r n a t i o n a l  r e s e a r c h  c e n t e r s  and U. S. 
e x p e r i m e n t a l  s t a t i o n s ) ,  v e h i c l e  o p e r a t i o n  and ma in t enance ,  t e m p o r a r y  
l o d g i n g  and  s u b s c r i p t i o n s  t o  p r o f e s s i o n a l  j o u r n a l s  and  p e r i o d i c a l s  f o r  
t h e  t e c h n i c a l  l i b r a r y ,  h o u s i n g  and f u r n i s h i n g s  f o r  t h e  American 
t e c h n i c i a n .  

Government o f  D j i b o u t i  - 
The GROD i s  p r e p a r e d  t o  p r o v i d e  t h e  f o l l o w i n g  i n p u t s  i n  

s u p p o r t  o f  t h e  p r o j e c t :  

( a )  T e c h n i c a l  S e r v i c e s :  The f u l l - t i m e  s e r v i c e s  o f  a  
h y d r o l o g i s t ,  a  l i b r a r i a n  and  a t  l e a s t  t w o  l a b o r a t o r y  a s s i s t a n t s  w i l l  
be p r o v i d e d  t o  work w i t h  t h e  U.  S. a d v i s o r .  C a n d i d a t e s  w i l l  be made 
a v a i l a b l e  f o r  long-and s h o r t - t e r m  t r a i n i n g  i n  h y d r o l o g y  and  w a t e r  
c h e m i s t r y .  I n  a d d i t i o n ,  t h e  GROD w i l l  p r o v i d e  t he  s e r v i c e s  o f  a  
t y p i s t ,  a c c o u n t a n t ,  d r i v e r  and o f f i c e  c l e a n e r .  

( b )  C o n s t r u c t i o n :  The GROD w i l l  c o n s t r u c t  a  w a t e r  and  
s o i l s  a n a l y s i s  l a b o r a t o r y / o f f i c e  complex,  i n c l u d i n g  150m2 o f  f l o o r  
s p a c e ,  c h e m i s t r y  b e n c h e s  w i t h  a c c e s s  t o  d i s t i l l e d  and  t a p  w a t e r  and  a  
s t a b l e  e l e c t r i c a l  power s o u r c e ,  f o u r  s i n k s  and  a  w a l l  bench  w i t h  
c a b i n e t s  f o r  t h e  s t o r a g e  o f  g l a s s w a r e  and s u p p l i e s .  O t h e r  f a c i l i t i e s  
w i l l  i n c l u d e  t h r e e  o f f i c e s ,  a  s ample  p r e p a r a t i o n  room, a  s u p p l y  and  
s t o r a g e '  room and a n  i n s t r u m e n t  room. The b u i l d i n g  complex i s  
s c h e d u l e d  f o r  c o m p l e t i o n  i n  l a t e  1979.  

( c )  Commodities:  B a s i c  equipment  f o r  t h e  new l a b .  

( d )  O t h e r  C o s t s :  U t i l i t i e s  and  m a i n t e n a n c e  o f  t h e  
l a b o r a t o r y  and  o f f i c e s  w i l l  be f i n a n c e d  by t h e  GROD. I n  a d d i t i o n ,  
t e m p o r a r y  l a b o r a t o r y  and  o f f i c e  f a c i l i t i e s  w i l l  be f u r n i s h e d  by t h e  
MOA, i f  t h e  MOA-financed b u i l d i n g  is  n o t  comple t ed  p r i o r  t o  t h e  
a r r i v a l  o f  t h e  long- t e rm USAID A d v i s o r .  



I 11. PROJECT ANALYSES 

A .  T e c h n i c a l  A n a l y s i s  

T h e r e  a r e  a  number o f  r e a s o n s  f o r  t h e  l o w  s t a t e  o f  
a g r i c u l t u r e  i n  D j i b o u t i ,  i n c l u d i n g :  (1) e x t r e m e  a r i d i t y ,  ( 2  ) h i g h  
s u m m e r  t e m p e r a t u r e s ,  ( 3 )  s h o r t a g e  o f  r e a d i l y  a v a i l a b l e  w a t e r ,  ( 4 )  a n  
i n a d e q u a t e  t r a n s p o r t a t i o n  sys t em,  ( 5 )  u n c e r t a i n  demand f o r  fa rm 
p r o d u c t s ,  ( 6 )  s c a r c i t y  o f  s k i l l e d  f a r m e r s ,  and  ( 7 )  u n w i l l i n g n e s s  o f  
nomads t o  u n d e r t a k e  f a rming .  These f a c t o r s  makke t h e  p r o s p e c t  o f  food  
s e l f - s u f f i c i e n c y  e x t r e m e l y  d o u b t f u l .  Y e t  t h e  GROD i s  v e r y  i n t e r e s t e d  
i n  r e d u c i n g  t h e  c o u n t r y ' s  dependency  o n  i m p o r t s  t h r o u g h  s u p p o r t  o f  
e c o n o m i c a l l y - v i a b l e  a g r i c u l t u r a l  p rograms.  However, p r e p a r a t i o n  o f  a  
n a t i o n a l  a g r i c u l t u r a l  deve lopment  p l a n  i s  h i n d e r e d  by t h e  l a c k  o f  
a d e q u a t e  s o i l  and w a t e r  r e s o u r c e  i n v e n t o r i e s .  T h i s  d e f i c i e n c y  r e s u l t s  
i n  e x p r e s s i o n  o f  o p i n i o n s  a b o u t  a g r i c u l t u r a l  deve lopmen t  which r a n u e  
from d e e p - s e a t e d  pess imism t o  modera t e  op t imi sm.  I n  n o  c a s e  a r e  
o p i n i o n s  or r e p o r t s  b a s e d  on  r e l i a b l e ,  documented i n f o r m a t i o n .  

P r o f i t a b l e  a g r i c u l t u r e  may be -- and  t h i s  p r o j e c t  s h o u l d  
h e l p  t o  p r o v i d e  a n  i n d i c a t i o n  -- both p h y s i c a l l y  and  e c o n o m i c a l l y  
p o s s i b l e  i n  D j i b o u t i .  Nine  a r e a s  w e r e  examined by t h e  PP team t h r o u g h  
v i s i t a t i o n ,  s t u d y  o f  w r i t t e n  i n f o r m a t i o n  or b o t h .  I t  a p p e a r s  t h a t  
upwards o f  50 ,000  h e c t a r e s  o f  l a n d  a r e  r e a s o n a b l y  l e v e l ,  h a v e  n a t i v e  
v e g a t a t i o n  g rowing  and  may h a v e  some p o s s i b l e  s u p p l i e s ,  a l b e i t  
l i m i t e d ,  o f  g r o u n d w a t e r .  Water c l e a r l y  w i l l  be t h e  l i m i t i n g  f a c t o r  i n  
a l l  l o c a t i o n s .  Even rough  estimates o f  w a t e r  q u a n t i t i e s  a r e  d i f f i c u l t  
t o  p r o j e c t ,  b u t  v e r y  p r e l i m i n a r y  e s t i m a t e s  i n d i c a t e  t h a t  t h e r e  m i g h t  
be enough g roundwa te r  t o  i r r i g a t e  be tween  1 0 0  and  2 , 0 0 0  h e c t a r e s .  

T h e r e  a p p e a r s  t o  be some p o t e n t i a l  f o r  c o n s e r v i n g  w a t e r  w i t h  
dams and  g roundwa te r  r e c h a r g e  t h r o u g h  s p r e a d i n g  w a t e r  from t h e  w a d i s  
d u r i n g  r u n o f f .  Thus,  b a s i n  a g r i c u l t u r e  may be p o s s i b l e .  This would 
i n c r e a s e  t h e  p o t e n t i a l l y  c u l t i v t e a b l e  a r e a .  

Wi th  r e s p e c t  t o  i t s  so i l s ,  D j i b o u t i  h a s  n o  a d e a u a t e  s o i l  
r e s o u r c e s  i n v e n t o r y .  T h i s  i s  needed  t o  p l a n  p r o p e r  a g r i c u l t u r a l  
deve lopmen t .  A l s o ,  c r o p  p r o d u c t i o n  i n  t h e  immed ia t e  f u t u r e  w i l l  o n l y  
be p o s s i b l e  where  i r r i g a t i o n  w a t e r ,  pumped from d e e p  w e l l s ,  w i l l  be 
a v a i l a b l e .  S o i l s  and water q u a l i t y  a r e  e x t r e m e l y  v a r i a b l e .  The h i g h  
cost o f  i r r i g a t i o n  a g r i c u l t u r e  i n f r a s t r u c t u r e  r e q u i r e s  c a r e f u l  
s e l e c t i o n  of s i tes  i n  o r d e r  t o  make optimum u s e  o f  s c a r c e  w a t e r  
r e sou r  ces. 

The Government o f  D j i b o u t i  d o e s  n o t  have  t h e  c a p a c i t y  t o  
c a r r y  o u t  a c r i t i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  o f  t h e  so i l s  and 
w a t e r  r e s o u r c e s  f o r  c r o p  p r o d u c t i o n .  I n  t h e  p a s t ,  some s u r v e y s  h a v e  
b e e n  u n d e r t a k e n  by  t h e  F rench  t e c h n i c i a n s  o n  a  s h o r t  a s s i g n m e n t  b a s i s .  
Only  t w o  govewrnment o f f i c e r s  h a v e  t r a i n i n g  i n  so i l  s c i e n c e  b u t  l i t t l e  
e x p e r i e n c e .  One h y d r o l o g i s t  h a s  b e e n  t r a i n e d  i n  Romania, and  o n e  
h y d r o l o g i s t  i s  now i n  t r a i n i n g  i n  F r a n c e  and w i l l  r e t u r n  w i t h i n  a  
y e a r .  



D j i b o u t i  h a s  r e c o g n i z e d  the  need  t o  d e v e l o p  t h e  a g r i c u l t u r a l  
sector.  P r e s e n t - d a y  a g r i c u l t u r a l  a c t i v i t i e s  c o n s i s t  o f  s m a l l  g a r d e n  
p l o t s  ( a p p r o x i m a t e l y  1 , 0 0 0  s q .  meters) t h a t  s u r r o u n d  e x i s t i n g  w e l l s .  
I t  i s  r e p o r t e d  t h a t  a  t o t a l  o f  o n l y  20 t o  4 0  i r r i g a t e d  h e c t a r e s  i s  
under  c u l t i v a t i o n .  Most o f  t h i s  i s  i n  c i t r u s  and  v e g e t a b l e s .  
However, w a t e r  r e s o u r c e  s u r v e y s  and  p r e v i o u s  e x p e r i e n c e  i n d i c a t e  t h a t  
t h e  a g r  i c u l t u r  a 1  a r e a  c o u l d  be markedly  i n c r e a s e d ,  p r o v i d e d  c r o p s ,  
w a t e r  and so i l s  a r e  well-managed. 

I r r i g a t i o n  a g r i c u l t u r e  i s  n o t  t h e  o n l y  a c t i v i t y  which l a c k s  
b a s i c  i n f o r m a t i o n  f o r  p l a n n i n g .  The l a r g e  m a j o r i t y  o f  t h e  p o p u l a t i o n  
i n  t h e  c o u n t r y  i s  nomadic and l i v e s  from t h e  p r o d u c t s  o f  h e r d s  o f  
g o a t s  and  sheep .  Many a r e a s  a round w e l l s  h a v e  been  o v e r - g r a z e d ,  and 
h u n g e r ,  n o t  t h i r s t ,  h a s  d e v a s t a t e d  a  c o n s i d e r a b l e  number o f  
communi t i e s  i n  t h e  p a s t .  Land and w a t e r  e v a l u a t i o n  and mappinq a t  
a p p r o p r i a t e  s c a l e  c o u l d  a s s i s t  i n  d e t e r m i n i n g  the c a r r y i n u  c a p a c i t y  o f  
t h e  s o i l ,  t h e  s e l e c t i o n  o f  s i t es  and  t h e  s p a c i n g  o f  d r i l l e d  and hand- 
dug w e l l s ,  and t h e r e b y  m a i n t a i n  a  b a l a n c e  between amount o f  r a n g e  and 
s i z e s  o f  h e r d s .  

T h e r e  a r e  three major  o b j e c t i v e s  which  t he  w a t e r  and s o i l s  
a n a l y s i s  l a b o r a t o r y  w i l l  s e r v e :  

(1) Immedia te  needs  o f  e x i s t i n g  g a r d e n  areas where 
management, i r r i g a t i o n  t e c h n i q u e s ,  r e c l a m a t i o n  
p r o c e d u r e s ,  c r o p s ,  and  d r a i n a g e  w i l l  be a d a p t e d  t o  s o i l  
c o n d i t i o n s  and  w a t e r  q u a l i t y ;  

( 2 )  Medium s c a l e  ( 1 : 5 0 , 0 0 0 )  s u r v e y s  o f  ma jo r  p l a i n s  and 
v a l l e y s ,  i n  o r d e r  t o  p l a n  f u r t h e r  deve lopmen t  o f  
i r r i g a t i o n  a r e a s ;  and  

( 3  ) A l a r g e - s c a l e  s u r v e y  ( 1 : 200,000)  o f  t h e  c o u n t r y ,  which 
would p r o v i d e  b a s i c  i n f o r m a t i o n  on u p l a n d s  and  s t r a t i f y  
s o i l  env i ronmen t s  a c c o r d i n g  t o  their  p o t e n t i a l  f o r  
g r a z i n g ,  c a r r y i n g  c a p a c i t y ,  e tc .  

The t h r e e  o b j e c t i v e s  a r e  l i s t e d  i n  s e q u e n c e ,  a d a p t e d  t o  
l o c a l  c i r c u m s t a n c e s  and deve lopment  needs .  

The f i e l d  work u n d e r t a k e n  d u r i n g  t h e  p r o j e c t  w i l l  f o c u s  on  
t h e  c o l l e c t i o n  of ground and s u r f a c e  w a t e r  s a m p l e s  a n d  s o i l  s a m p l e s  
from w a d i s ,  wel l -s i tes ,  p r e s e n t  s p r i n g  s i tes  and p o t e n t i a l  " r u n - o f f "  
a g r i c m a l  s i tes .  Samples  w i l l  be a n a l y z e d  i n  the  l a b o r a t o r y .  
S o i l s  s a m p l e s  which c a n n o t  be a n a l y z e d  i n  the l a b  w i l l  be m a i l e d  t o  
i n t e r n a t i o n a l  r e s e a r c h  c e n t e r s  or U. S. a g r i c u l t u r a l  s t a t i o n s  ( a t  
C o r n e l l  U n i v e r s i t y  and t h e  U n i v e r s i t y  o f  H a w ~ t i i ,  f o r  example)  f o r  
i n t e r p r e t a t i n .  I n - d e p t h  f i e l d  s t u d i e s  w i l l  b e  p u b l i s h e d  a s  a  r e s u l t  
o f  t h e  a c c u m u l a t i o n  of d a t a  o n  p a r t i c u l a r  areas. The a r e a  f o c u s  o f  
t h e s e  s t u d i e s  w i l l  b e  a t  s i t es  s e l e c t e d  by the  GROD and o t h e r  donor  
a g e n c i e s .  For  example,  German a i d  a g e n c i e s  a r e  c o n s i d e r i n g  some 
a s s i s t a n c e  t o  the Plan de Goubet area, and water and s o i l s  analyses 
w i l l  be u s e d  i n  d e t e r m i n i n g  t h e  e x t e n t  o f  s u c h  a s s i s t a n c e .  I n  



a d d i t i o n ,  t h e  t e c h n i c a l  r e p o r t s  o f  t h e  h y d r o l o g i s t ,  i rr  i g a t i o n  
engineer  and s o i l s  s c i e n t i s t s  o n  t h e  PP team recommend s p e c i f i c  
l o c a t i o n s  f o r  s t u d y .  

B .  S o c i a l  A n a l y s i s  

The p r i n c i p a l  b e n e f i c i a r i e s  o f  t h e  p r o j e c t  a re  t h e  p o r t i o n  
o f  t h e  p o p u l a t i o n  which makes i t s  l i v i n g  o f f  t h e  l a n d .  The d a t a  b a s e  
g e n e r a t e d  th rough  t h e  p r o j e c t  and t h e  complementary and fol low-on 
e x t e n s i o n  a c t i v i t i e s  w i l l  p r o v i d e  t h e  scope  f o r  a  more r a t i o n a l ,  
e f f i c i e n t  u s e  o f  s o i l  and water  by b o t h  fa rmers  and h e r d e r s .  Regular 
communication between l a b o r a t o r y  s t a f f  and o t h e r  MOA p e r s o n n e l ,  
e s p e c i a l l y  agr  i c u l t u r  a 1  e x t e n s i o n  a g e n t s ,  shou ld  e n a b l e  farmer s t o  
b e n e f i t  by p r o v i d i n g  them w i t h  i n f o r m a t i o n  t o  make d e c i s i o n s  on  u s i n g  
t h e i r  s c a r c e  s o i l  and water  r e s o u r c e s  more s c i e n t i f i c a l l y .  
I d e n t i f i c a t i o n  and u s e  o f  water  r e s o u r c e s  may a l s o  s i g n i f i c a n t l y  
d e c r e a s e  t h e  t i m e  and energy expended by b o t h  h e r d e r  s and t h e i r  
an imals  i n  t h e  sear ch f o r  good gr a z i n g  and water  . 

S y s t e m a t i c  knowledge o f  p r o d u c t i v e  s o i l s  and water  s u p p l i e s  
w i l l  b e  e s p e c i a l l y  i m p o r t a n t  t o  r u r  a 1  peop le  i n  t h e  e v e n t  o f  d r o u g h t  
and/or o t h e r  d i s a s t e r s ,  such a s  l o c u s t s .  I t  w i l l  a l s o  b e  i m p o r t a n t  a s  
t h e  GROD i n c r e a s e s  i t s  a t t e m p t s  t o  i n t e r v e n e  i n  t h e  ongoing 
t r a d i t i o n a l  s u b s i s t e n c e  sys tems.  A s y s t e m a t i c  knowledge o f  r e l i a b l e  
s o i l  and water  r e s o u r c e s  i s  i m p e r a t i v e  t o  avoid  s e r i o u s  n e g a t i v e  
e f f e c t s  i n  t h e  mid-and long-term. 

There  are t w o  i s s u e s  r e l a t e d  t o  t h e  s u c c e s s  o f  t h e  p r o j e c t  
i n  s o c i a l  t e r m s  which must be moni tored .  One i s  t h e  d e p a r t u r e  o f  
t r a i n e d  D j i b o u t i a n s  from t h e i r  p o s i t i o n s  once  t h e y  h a v e  been t r a i n e d .  
The g r o v i s i o n  o f  wel l -equipped l a b o r a t o r y  f a c i l i t i e s ,  h i g h - l e v e l  
t e c h n i c a l  a s s i s t a n c e  and p a r t i c i p a n t  t r a i n i n g  oppor t u n i t i e s  i s  
expec ted  t o  improve t h e  p r o f e s s i o n a l  o p p o r t u n i t i e s  a v a i l a b l e  i n  
D j i b o u t i  f o r  n a t i o n a l s  i n t e r e s t e d  i n  s o i l  and water -r e l a t e d  s c i e n c e s  
and w i l l  t h u s  s e r v e  a s  a n  i n c e n t i v e  t o  t h e i r  c o n t i n u e d  p r e s e n c e  i n  
D j i b o u t i .  

The second i s s u e  i s  t h e  d e g r e e  t o  which p r o j e c t  l i n k a q e s  
between MOA p e r s o n n e l ,  such a s  e x t e n s i o n  a g e n t s ,  and r e l a t e d  
i n s t i t u i t i o n s ,  such a s  t h e  proposed Commission for  P lann ing  ( s e e  
S e c t i o n  1 I I . E .  ) ,  c a n  be  f i r m l y  e s t a b l i s h e d .  T h i s  w i l l  quar a n t e e  a  
c o n t i n u e d  f low o f  i n f o r m a t i o n  v e r t i c a l l y  -- down t o  t h e  farmer and 
h e r d e r  and up t o  t h e  l e v e l  o f  n a t i o n a l  p l a n n i n g  -- a s  w e l l  a s  
h o r i z o n t a l l y  t o  o t h e r  GROD m i n i s t r i e s .  The s h o r t  timefr ame of  t h e  
p r o j e c t  must be r e c o g n i z e d ,  and l i n k a g e s  must h e  e s t a b l i s h e d  q u i c k l y  
s o  t h a t  t h e  g o a l  of  t h e  p r o j e c t  can  be achieved i n  t h e  mid-and lonq- 
t e r m .  A f a c i l i t a t i n g  f a c t o r  which m e r i t s  emphasis  i n  t h i s  r e g a r d  i s  
t h e  r e l a t i v e l y  s m a l l - s c a l e  n a t u r  e o f  t h e  environment  i n  which t h e  
p r o j e c t  w i l l  be implemented. D j i b o u t i  i s  a  v e r y  s m a l l  c o u n t r y ,  and 
t h e  MOA and o t h e r  m i n i s t r i e s  a r e  comparably s m a l l .  I n  such a n  
environment ,  fr equen t  i n t e r  a c t i o n  among i n t e r e s t e d  par t i e s  i s  t h e  
norm, n o t  t h e  e x c e p t i o n .  

A d d i t i o n a l  i n f o r m a t i o n  on t h e  c u l t u r  a 1  mores o f  t h e  A f a r s  
and I s s a s ,  t h e  p r i n c i p a l  t r i b a l  groups  i n  D j i b o u t i ,  i s  i n c l u d e d  i n  t h e  



r e p o r t  o f  t h e  r u r a l  s o c i o l o g i s t  m e m b e r  o f  t h e  PP t e a m .  

C o s t - E f f e c t i v e n e s s  A n a l y s i s  

The " p r o d u c t "  o f  t h i s  p r o j e c t  w i l l  be i n f o r m a t i o n  o n  soi ls  
a n d  wa te r  which  i s  n e c e s s a r y  i n  t h e  d e s i g n  o f  s u b s e q u e n t  fa rmer  and 
nomad-o r i en t ed  p r o j e c t s .  This i n f o r m a t i o n  i s  a  p r e c o n d i t i o n  t o  s u c h  
p r o j e c t s .  I n  t h i s  c a s e ,  economic a n a l y s i s  f o c u s e s  o n  t h e  cost- 
e f f e c t i v e n e s s  o f  a l t e r n a t i v e  means t o  p r o d u c e  so i l  and w a t e r  
i n f o r m a t i o n .  C o s t - b e n e f i t  and  i n t e r n a l  r a t e  o f  r e t u r  n  a p p r o a c h e s  are 
u n s u i t a b l e  a s  no  d i r e c t ,  d i s c r e t e ,  q u a n t i f i a b l e  f l o w  o f  b e n e f i t s  w i l l  
be f o r t h c o m i n g  . 

The a l t e r n a t i v e  to  an  i n d i g e n o u s  s o i l  t e s t i n g  c a p a b i l i t y  i s  
d e p e n d e n c e  upon e x p a t r  i a t e  t e c h n i c a l  a s s i s t a n c e  i n  e v e r y  i n s t a n c e .  
Such  a  d e p e n d e n c e  w i l l  mean D j i b o u t i  w i l l  e i t h e r  h a v e  t o  u s e  f o r e i g n  
exchange  t o  h i r e  s k i l s  or s e c u r e  donor  a s s i s t a n c e  whenever so i l s  
s t u d i e s  are  r e q u i r e d .  T h i s  i s  c l e a r l y  a  l e s s - e f f e c t i v e  and  more 
c o s t l y  a p p r o a c h  t h a n  u s i n g  c o m p a r a t i v e l y  low-cos t  i n d i g e n o u s  so i l s  
a n s l y s t s  i n  a  n a t i o n a l  l a b o r a t o r y  . 

I n  t h e  c a s e  o f  wa te r  resources i n v e n t o r i e s ,  t h e  a l t e r n a t i v e  
a r e  t o  (1) c o n t i n u e  e x i s t i n g  p r a c t i c e s  o f  d r i l l i n g  i n  l i k e l y  s i t e s  i n  
a n  -- a d  h o c  manner,  and  t o  e x p l o i t  t h e  r e s u l t i n g  new w e l l s  w i t h  l i t t l e  
r e g a r d  t o  t h e  e f f e c t  upon a q u i f e r s ,  and /o r  ( 2 )  depend  upon e x p a t r i a t e  
a s s i s t a n c e  a l o n g  t h e  l i n e s  d i s c u s s e d  above  f o r  so i ls  a n a l y s t s .  
F o c u s s i n g  d r i l l i n g  e f f o r t s  i n  s p e c i f i c  a r e a s  on  t h e  b a s i s  o f  
a c c u m u l a t e d  and  a n a l y z e d  wate r  d a t a  s h o u l d  a l l o w  f o r  a n  i n c r e a s e  i n  
t h e  number o f  s u c c e s s f u l  dr i l l i n g s .  Pr e v e n t i o n  o f  o v e r  -pumpinq, 
e s t i m a t i o n s  o f  t h e  costs  o f  wate r  and a l l o c a t i o n  o f  scarce wa te r  
r e s o u r c e s  among v a r i o u s  c l a i m a n t s  w i l l  be less e x p e n s i v e  i n  s o c i a l  and 
f i n a n c i a l  costs t h a n  h a s  b e e n  t h e  c a s e  i n  r e c e n t  h i s t o r y .  

The  p r o j e c t  c o s t s ,  i n c l u d i n g  t h e  GROD c o n t r i b u t i o n  are 
clear .  The f l o w  o f  b e n e f i t s  t o  t h e  b e n e f i c i a r i e s  i s  much less  clear 
and  d e p e n d s  upon many a s s u m p t i o n s  and  v a r i a b l e s .  A d d i t i o n a l  o t h e r  
donor  ~ p o j e c t s  w i l l  h a v e  t o  be implemented  b e f o r e  t h e  economic 
b e n e f i t s  o f  t h i s  p r o j e c t  c a n  i m p a c t  d i r e c t l y  o n  t h e  poor  m a j o r i t y .  N o  
p r o j e c t s  however ,  c a n  d o  t h i s  e f f e c t i v e l y  w i t h o u t  a d e q u a t e  knowledge  
o f  wa te r  and  so i l s .  

D. F i n a n c i a l  A n a l y s i s  a n d  P l a n  -- 
1. P r o j e c t  Fund ing  Summary 

A s  shown below, t h e  e s t i m a t e d  t o t a l  cost o f  t h e  p r o j e c t  i s  
$695 ,000 .  I t  i s  p r o p o s e d  t h a t  AID w i l l  p r o v i d e  $497 ,000 .  The GROD 
w i l l  c o n t r i b u t e  t h e  e q u i v a l e n t  o f  $198 ,000  ove r  t h e  two-year p e r i o d  o f  
t h e  p o j e c t .  



TABLE 1: PROJECT FUNDING SUMMARY - 
SOURCE FOREIGN EXCHANGE LOCAL CURRENCY TOTAL 

A I D  $432,000 $ 65,000 $497,000 

GROD 59,000 139,000 198,000 

TOTAL : 



2.  Summary C o s t  and  F i n a n c i a l  P l a n  -- 
The p r o j e c t  costs  and  f i n a n c i a l  p l a n  a re  summarized i n  t h e  

t a b l e  b e l o w .  A l l  o f  t h e  f o r e i g n  exchange  r e q u i r e m e n t s  a re  t o  be m e t  
b y  A I D .  Of t h e  A I D  c o n t r i b u t i o n ,  95% r e p r e s e n t s  d o l l a r  costs ,  and t h e  
e q u i v a l e n t  o f  5% r epr e s e n t s  l o c a l  costs.  The l a t t e r  c o n s i s t s  m a i n l y  
o f  a d m i n i s t r a t i v e  s u p p o r t  costs.  

TABLE 2: SUMMARY COST ESTIMATES AND FIKANCIAL PLAN - - 
( 1000 

SOURCES A 1  D GROD TOTAL TOTAL 

USE FX LC FX LC FX LC 

T e c h n c i a l  
S e r v i c e s  2  50 --- --- 84 250 8 4  334 

P a r t i c i p a n t  
Tr a i n  i n g  14 --- --- --- 14 --- 14  

Commodit ies  96 --- 12 --- 96 12 10 8 

C o n s t r u c t i o n  --- --- 3 7  27 3 7 27 64 

Othe r  C o s t s  --- 55 --- 6 --- 6 1  6 1  

I n f l a t i o n  
( 1 0 % )  36 5  5  11 4 1  1 6  57 

Con t ingency  
( 1 0 % )  36 5  5  11 41  16  57 ........................................................................... 
TOTAL 432 65  59 139  491  2  04 695 



TABLE 3: A I D  O B L I G A T I O N  BY COMPONENT 

Component 

T e c h n i c a l  S e r v i c e s  
Long-Ter m 
H y d r o g e o l o g i s t  ( 2 4  pm) 
Shor t-Term 
S o i l s  S c i e n t i s t  ( 3 )  
Water Resources  P lanner  ( 2 )  

P a r t i c i p a n t  T r a i n i n g  
u .  S.  -- 
Hydrology ( 6 ) 
Shor t - T e r m  
Water Chemis t ry  ( 2  pm) 

Commodities 
Equipment f o r  water  and 
s o i l s  a n a l y s i s  l a b o r a t o r y  
V e h i c l e s  (1) 
Camping equipment  

Amount T o t a l s  

Othe r  C o s t s  
A i r c r a f t  r e n t a l  2 ,000 
Communications,  i n c l .  e x t e r n a l  
a n a l y s e s  o f  s o i l s  samples  3 , 000 
V e h i c l e  o p e r a t i o n  & main tenance  5,000 
Tempor ar y l o d g i n g  6 ,000  
Subsc r  i p t i o n s  f o r  t e c h n i c a l  l i b r a r y  3,000 
Housing and f u r n i s h i n g s  36,500 

SUB -TOTAL 415,000 415,000 

I n f l a t i o n  ( 1 0 % )  
Con t ingency  ( 1 0 % )  

GRAND TOTAL $49 /, 000 $497,000 



Cost  A n a l y s i s  

The c o s t  o f  t h e  long-term t e c h n i c i a n ' s  s e r v i c e s  are  
e s t i m a t e d  a t  $100,000 per  man-year, i n c l u d i n g  b a s e  s a l a r y  and 
b e n e f i t s ,  a l l o w a n c e s ,  t r  anspor t a t i n  o f  e f f e c t s ,  r ound-tr i p  
t r a n s p r t a t i o n ,  e tc .  T h i s  assumes a  c o n t r a c t  w i t h  some f i r m  o r  
i n s t i t u t i o n .  $6,000 h a s  been i n c l u d e d  i n  t h e  budge t  f o r  ternpr a r y  
l o d g i n g  i n  c a s e  t h e  h o u s i n g  i s  n o t  a v a i l a b l e  upon t h e  t e c h n i c i a n ' s  
a r r i v a l  i n  D j i b o u t i .  Shor t - t e rm c o n s u l t a n t  s e r v i c e s  h a v e  been 
budge ted  a t  $10,000 pe r  man-month, i n c l u d i n g  s a l a r y ,  per diem and 
r o u n d - t r i p  t r a n s p o r t a t i o n .  

P a r t i c i p a n t  t r a i n i n g  c o s t s  h a v e  been e s t i m a t e d  a t  $8 ,500  f o r  
s i x  months o f  academic t r a i n i n g  i n  t h e  U.S., and $2 ,500 pe r  month f o r  
s h o r t - t e r m  t e c h n i c a l  t r a i n i n g  i n  A f r i c a .  E s t i m a t e s  a r e  based  on t h e  
f o l l o w i n g  budge t s :  

( a )  T r a i n i n g  I n  U.S. - S i x  Months ----  

$ 600 O I T  c o s t s  
6  12 Misc. ( b o o k s ,  t y p i n g ,  e t c .  ) 
2  38 U. S. t r a v e l  

2 ,050 Maintenance  and per diem 
3 ,000  T u i t i o n  

6 , 5 0 0  
2 ,000 Round-tr i p  i n t e r  n a t i o n a l  a i r  f a r e  

TOTAL 

( b )  Shor t - t e rm T e c h n i c a l  - - A f r i c a  - -  - Per  Month 

$ 400 T u i t i o n  
1 , 0 5 0  Per diem ($35.00  p e r  d a y )  

50 Misc. ( b o o k s ,  e t c . )  

1 ,000  Round- t r ip  i n t e r  n a t i o n a l  a i r  f a r  e 

$2 ,500 TOTAL 

The $80,000 e s t i m a t e  f o r  e q u i p n e n t  f o r  t h e  water  and s o i l s  
a n a l y s i s  l a b o r a t o r y  w a s  i n c l u d e d  i n  t h e  t e c h n i c a l  r e p o r t s  o f  t h e  
h y d r o l o g i s t  and s o i l s  s c i e n c e  m e m b e r s  o f  t h e  PP team. The 
i l l u s t r . a t i v e  equipment l i s t  i s  found i n  Annex D. 



5. Project E x p e n d i t u r e s  

T h e  t ab le  b e l a w  i n d i c a t e s  e s t i m a t e d  a n n u a l  e x p e n d i t u r e s  for 
AID a n d  GROD: 

TABLE 4: ESTIMATED ANNUAL EXPENDITURES AND PROJECT COSTS - 

(U.S.  $ 0 0 0 )  .......................................................................... 

1 9 7 9  1 9 8 0  1 9 8 1  TOTAL 

AID - 
T e c h n i c a l  S e r v i c e s  3 4  1 0 6  1 1 0  2  50 
P a r t i c i p a n t  T r a i n i n g  
C o m m o d i t i e s  
O t h e r  C o s t s  

I n f l a t i o n  ( 1 0 % )  
C o n t i n g e n c y  ( 1 0 % )  

TOTAL 1 0 2  2 3 4  1 6 1  4 9 7  

GROD 
T e c h n i c a l  S e r v i c e s  
C o m m o d i t i e s  
C o n s t r u c t i o n  
O t h e r  C o s t s  

SUB-TOTAL 

I n f l a t i o n  ( 1 0 % )  
C o n t i n g e n c y  ( 1 0 % )  

TOTAL 1 1 9  5 2  2 7  1 9  8 

COMBINED TOTAL 221  2 8 6  188 6 9 5  

I t  i s  a s s u m e d  t h a t  t h e  l o n g - t e r m  U.S. a d v i s o r  w i l l  a r r i v e  n o  
l a t e r  t h a n  A u g u s t  1 9 7 9 .  T h e  D j i b o u t i a n  c a n d i d a t e  for U. S. l o n g - t e r m  
t r a i n i n g  s h o u l d  be s c h e d u l e d  t o  b e g i n  t h e  a c a d e m i c  y e a r  i n  S e p t e m b e r  
1 9 8 0 .  

E. A d m i n i s t r a t i v e  F e a s i b i l i t y  

T h e  D j i b o u t i a n  h y d r o l o g i s t  i n  the  MOA R u r  a1 E n g i n e e r  i n q  
S e r v i c e  a n d  t h e  F r e n c h  t e c h n i c a l  a d v i s o r  i n  t h e  MOA a r e  somewhat  
c o n c e r n e d  a b o u t  t h e  e x i s t i n g ,  f r a g m e n t e d  a n d  random app-oach t o  s o i l s  
a n a l y s e s  a n d  w a t e r  resources d e v e l o p m e n t .  To correct  t h i s  s i t u a t i o n ,  
a Commiss ion f o r  P l a n n i n g  w i l l  be e s t a b l i s h e d  w i t h i n  t h e  c o m i n g  



months.  The  Commission w i l l  i n c l u d e  m i n i s t e r i a l  r e p r e s e n t a t i o n  a n d  
w i l l  h a v e  i t s  own p l a n n i n g  s t a f f .  Sub-commissions  w i l l  be e s t a b l i s h e d  
f o r  water, power and  r e n e w a b l e  e n e r g i e s .  T h i s  mechanism w i l l  p r o v i d e  
f o r  l i a i s o n  a n d  g u i d a n c e  t o  w a t e r - u s i n g  a g e n c i e s ,  s u c h  a s  t h e  MOA 
R u r a l  E n g i n e e r i n g  S e r v i c e .  A l s o  u n d e r  t h i s  p r o p o s e d  o r g a n i z a t i o n  
p l a n ,  t h e  F r e n c h - s u p p o r t e d  C e n t e r  f o r  G e o l o g i c a l  S t u d i e s  a n d  
Development  w i l l  be i n t e g r a t e d  i n t o  t h e  p l a n n i n t  s t r u c t u r e ,  w h i l e  
m a i n t a i n i n g  i o n t a c t s  w i t h  t h e  U n i v e r s i t y  o f  Bordeaux a n d  o t h e r  
European  r e s e a r c h  i n s t i t u t i o n s .  T h i s  a r r a n g e m e n t  w i l l  s t r e n g t h e n  t h e  
c a p a b i l i t y  o f  t h e  w a t e r  a n d  s o i l s  a n a l y s i s  l a b o r a t o r y  t o  r e l a t e  
a c a d e m i c  h y d r o l o g i c a l  s t u d i e s  t o  a p p l i e d  water  a n d  so i l s  
i n v e s t i g a t i o n s .  T h e  o u t l o o k ,  t h e n ,  i s  h o p e f u l  t h a t  t h e  o u t p u t s  o f  t h e  
p r o j e c t  w i l l  be b e n e f i c i a l  t o  t h e  G R O D ' s  o v e r a l l  a g r i c u l t u r a l  p l a n n i n g  
e f f o r t s .  

F .  E n v i r o n m e n t a l  Conce rns  

An i n i t i a l  E n v i r o n m e n t a l  Examina t ion  i s  a t t a c h e d  as  Annex F .  
T h e  f o l l o w i n g  s t a t e m e n t  d i s c u s s i n g  t h e  e n v i r o n m e n t a l  i m p a c t s  o f  w a t e r  
deve lopmen t  i s  t a k e n  f rom t h e  r e p o r t  o f  t h e  h y d r o l o g i s t  m e m b e r  o f  t h e  
P P  team.  

A t  p r e s e n t ,  t h e  l e v e l  o f  water u s e  i n  D j i b o u t i  h a s  h a d  
p r a c t i c a l l y  n o  i m p a c t  o n  wha t  migh t  be c o n s i d e r e d  i t s  n a t u r a l  
h y d r o l o g i c a l  r e g i m e s .  Even t h e  i n t e n s i v e  deve lopmen t  o f  t h e  c i t y  of 
D j i b o u t i  h a s  n o t  h a d  any v i s i b l e  impac t .  Of c o u r s e ,  o n e  m i g h t  l ook  a t  
a p l a c e  l i k e  Randa,  w i t h  i t s  i n t e n s i v e  small-scale a g r i c u l t u r e  i n  a 
na r row canyon ,  a n d  s a y  t h a t  t h e  microclimate h a s  b e e n  a f f e c t e d .  T h i s  
i s  p r o b a b l y  t r u e ,  b u t  i s  e x t r e m e l y  minor .  

T h e  key  i s  t h e  e x t e n t  t o  which t h e  e x i s t i n g  regime i s  
m o d i f i e d .  I f  loca l  areas  a l o n g  c h a n n e l s  a re  over-pumped, some o f  t h e  
s c a n t  v e g e t a t i o n  w i l l  d i e .  However, i n  mst  areas, t h e  amount o f  
a r a b l e  l a n d  i s  s o  l i m i t e d  t h a t  t h e  amount o f  water pumped f o r  
a g r i c u l t u r a l  p u r p o s e s  w i l l  h a v e  l i t t l e  or  n o  e f f e c t  on  t h e  l o c a l  
e n v i r o n m e n t .  C o n t i n u o u s l y  i n c r e a s i n g  pumpage i n  t h e  u r b a n  areas w i l l  
n o  d o u b t  t e n d  t o  r a i se  t h e  s a l t  water l e v e l ;  b u t  a t  t h e  same t i m e ,  a s  
t h e  s a l t  water c o n c e n t r a t i o n  rises,  t h e  w e l l  becomes less u s e f u l  a n d  
pumpage i s  s l o w e d .  G r a d u a l l y ,  t h e  s a l t  water l e v e l  d r o p s  back  t o  n e a r  
i t s  f o r m e r  e l e v a t i o n .  

I n  g e n e r a l ,  t h e  small-scale a g r i c u l t u r a l  d e v e l o p m e n t s  t h a t  
are  u n d e r  d i s c u s s i o n  s h o u l d  h a v e  l i t t l e  impac t  on  t h e  water  tables. 
However, l a r g e - s c a l e  d i v e r s i o n s  o f  water, s u c h  as t h a t  p r o p o s e d  t o  
move water' f r o m  n e a r  D i k h i l  t o  D j i b o u t i ,  may h a v e  l o c a l i z e d  e f f e c t s  o n  
v e g e t a t i o n ,  r e s u l t  i n  mino r  s u b s i d e n c e ,  and  p o s s i b l y  d r o p  t h e  w a t e r  
l e v e l  beluw t h e  bottom o f  some dug w e l l s .  

U n t i l  l a r g e - s c a l e  deve lopmen t s  are  a f f e c t e d ,  t h e  i m p a c t  o f  
a g r i c u l t u r a l  a n d  m u n i c i p a l  deve lopmen t  w i l l  h a v e  l i t t l e  more t h a n  
min ima l  i m p a c t  o n  loca l  a n d  r e g i o n a l  e n v i r o n m e n t s .  



I V .  IMPLEMENTATION ARRANGEMENTS 

A .  A d m i n i s t r a t i v e  Arrangements  

I .  A I D  

Upon a p w o v a l  of t h i s  P r o j e c t  Pape r ,  a  P r o j e c t  Agreement w i l l  be 
n e g o t i a t e d  w i t h  t h e  GROD M i n i s t r y  o f  F o r e i g n  A f f a i r s .  Upon s i g n a t u r e ,  
a s u b - o b l i g a t i n g  PIOT/T w i l l  be i s s u e d  by REDSO/EA a u t h o r i z i n g  A I D / W  
t o  c o n t r a c t  f o r  t h e  long- te rm t e c h n i c a l  s e r v i c e s .  P o s s i b l e  
c o n t r  a c t o r  s i n c l u d e  w a t e r  r esour  c e s  e n g i n e e r  i n g  f i r m s  o r ,  under a 
PASA, t h e  U.  S. S o i l  C o n s e r v t i o n  S e r v i c e  o f  t h e  U. S .  G e o l o g i c a l  
S e r v i c e .  I f  n e c e s s a r y ,  a second  s u b - o b l i g a t i o n  PIO/T w i l l  be i s s u e d  
f o r  t h e  s h o r t - t e r m  c o n s u l t a n t  s e r v i c e s  i n  water r esour ces p l a n n i n g  and 
s o i l s  s c i e n c e .  Once t h e  U .  S. h y d r o g e o l o g i s t  i s  i d e n t i f i e d ,  h e / s h e  
c a n  f i n a l i z e  t h e  r e q u i r e d  equipment  l i s t s  f o r  t h e  w a t e r  and s o i l s  
a n a l y s e s  l a b o r a t o r y  and  camping e q u i p n e n t .  A s u b o b l i g a t i o n  PIO/C(  s )  
w i l l  be i s s u e d  by REDSO/EA f o r  t h i s  p rocu remen t .  P r o j e c t  m o n i t o r i n q  
and  a d m i n i s t r a t i v e  s u p p o r t  f o r  t h e  p r o j e c t  w i l l  be p r o v i d e d  by t h e  
~ ~ ~ / ~ j i b o u t i .  REDSO/EA s e r v i c e s  w i l l  be p r o v i d e d  a s  r e q u i r e d ,  
t h r o u g h o u t  t h e  30-month p r o j e c t  p e r i o d .  

2. GROD 

The M i n i s t r y  o f  A g r i c u l t u r e  w i l l  be t h e  GROD imp lemen t ing  
agency .  The U .  S. h y d r o g e o l o g i s t  and  short-term c o n s u l t a n t s  w i l l  work 
under t h e  g e n e r a l  d i r e c t i o n  o f  t h e  Director o f  t h e  MOA R u r a l  
E n g i n e e r i n g  S e r v i c e .  The MOA w i l l  be r e s p o n s i b l e  for i d e n t i f y i n g  
D j i b o u t i a n  c a n d i d a t e s  f o r  long-  and s h o r t - t e r m  t r a i n i n g  and f o r  
p r o v i d i n g  t h e  s e r v i c e s  o f  o t h e r  t r a i n e d  w a t e r  and so i l s  t e c h n i c i a n s  
and l a b o r a t o r y  a s s i s t a n t s .  The GROD w i l l  a l s o  p r o v i d e  s u i t a b l e  h  
o u s i n g  i n  t h e  c i t y  o f  D j i b o u t i  f o r  t h e  t e c h n i c i a n  and  h i s / h e r  f a m i l y .  
I n  t ' he  e v e n t  t h a t  t h e  MOA-provided l a b o r a t o r y  i s  n o t  comple t ed  p r i o r  
t o  t h e  a r r i v a l  o f  t h e  t e c h n i c i a n ,  s u i t a b l e  o f f i c e  s p a c e  w i l l  be 
p r o v i d e d  by t h e  MOA. 



I m p l e m e n t a t i o n  P l a n  

C Y  - Month A c t i o n  R e s p o n s i b i l i t y  

7 9 J a n u a r y  
J a n u a r y  

J a n u a r y  

F e b r u a r y  
J u n e  
J u n e  
J u l y  
J u l y  

A u g u s t  
A u g u s t  
S e p t e m b e r  

S e p t e m b e r  
S e p t e m b e r  
N o v e m b e r  

J a n u a r y  
M a r  ch 

J u l y  

J u l y  
S e p t e m b e r  

J a n u a r y  

A p r  il 

~ a y / ~ u n e  

J u n e  

J u n e  
J u n e  

J u n e  

P P  a p p o v e d  AAO/D; REDSO/EA 
Signatur  e of pr o j . agr e e m e n t  AAo/D; REDSO/EA; 

A I D / W  
P I O / T  i s s u e d ;  c o n t r  a c t i n g  
b e g i n s  A I D / W ;  REDSO/EA 
C o u n t r y  c learances  o b t n ' d  AAo/D: GROD 
H o u s i n g  for tech. o b t n ' d  GROD 
( t e m p o r a r y  c o n t r a c t )  
C o n t r a c t  t e c h n i c i a n  arr i v e s  A I D / W ;  C o n t r  ' t r  
E q u i p m e n t  a r r i v e s ,  i n s t a l -  

l a t i o n  begins  GROD; C o n t r  ' t r  
Lab l a y o u t  c o m p l e t e d  GROD 
E q u i p .  a r r i ve s ,  s t a f f  o n  s i t e  GROD; C o n t r  ' t r  
C o n t r a c t o r  Work P l a n  f i n -  C o n t r a c t o r ,  

a l i z e d  & approved AAO/D;  GROD 
L a b  b e g i n s  operat ion GROD; C o n t r  ' t r  
F i e l d  w o r k  b eg in s  GROD; C o n t r  ' t r  
L i b r a r y  f u n c t i o n i n g  GROD 

Progress report 
S m a l l - s c a l e ,  i n -dep th  

f i e l d  s t u d i e s  beg in  
M i d - t e r m  e v a l u a t i o n  

Progress report  
D  j i b o u t  i a n  depar t s  for 

l o n g - t e r m  t r a i n i n g  

Special e v a l u a t i o n  

Survey, tests,  O J T  
c o m p l e t e d  

M a p s  c o m p l e t e d ;  r epor t s  
d r  a f t e d  

D j i b o u t i a n  r e t u r n  f r o m  
I n t .  t r  a i n i n g  

F i n a l  pr ogr ess r epor t 
D a t a ,  m a p s ,  f i n a l  reports 

f i n i s h e d  w / c o p i e s  s u b -  
m i t t e d  t o  A I D  & GROD 

T e c h n i c i a n  d e p a r t s  

C o n t r  actor 

GROD; C o n t r  ' t r  
GROD; AAo/D; 
REDSO/ EA 
C o n t r  actor 

GROD; AAO/D;  
A I D / W  
C o n t r  ' t r  ; U S A I D  
GROD; AID/W; 
REDSO/EA 

C o n t r a c t o r  

C o n t r  actor 

C o n t r a c t o r  
C o n t r  actor ; 
AAO/D;  GROD 

C o n t r a c t o r  : 
AAo/D;  GROD 



C . Evaluation Arrangements 

A formative evaluation i s  scheduled for July 1980, 
appoximately one year af ter  the a r r iva l  of the U .  S. hydroqeoloaist. 
The purpose of t h i s  evaluation w i l l  be t o  ( a )  provide an indication of 
progress achieved towards the w o j e c t  outputs, ( b )  determine any need 
for w o j e c t  redirection and ( c )  es tabl ish the timing and frame of 
reference for a  "special evaluation," which should follow six months 
l a t e r .  A "special evaluation" (January 1981) w i l l  be made 6-8 months 
prior t o  completion of the project t o  determine i f  there  i s  suf f ic ien t  
jus t i f i ca t ion  for AID consideration of a  follow-on e f fo r t .  As has 
been weviously mentioned, it i s  not anticipated tha t  a  complete water 
resources inventory and s o i l s  c lass i f ica t ion  w i l l  be accomplished 
within the 30-month period of the project .  I f ,  i n  the judgment of the  
"special  evaluation" team, continued assistance i s  warranted, a  
ra t iona le  w i l l  be presented i n  the evaluation report  for A I D  
consideration (an inclusion i n  a  follow-on PID). Members of the 
evaluation team should include a  hydrogeologist, a  water resources 
planner and a  s o i l s  sc i en t i s t ,  as  well as the  REDSO/EA Evaluation 
Officer. Given the in-depth analyses which w i l l  be conducted during 
the "special evaluation, " the summative evaluation, scheduled for July 
1981 prior t o  the departure of the  U. S. hydrogeolo~is t ,  can be 
undertaken by REDSO/EA and AAO/D, i n  collaboration with the GROD. 



APPENDIX A-6 

ATTACHMENT NO. 3 - -  
WATER AND SOILS PROJECT 

STATEMENT O F  WORK -- 

PIO/T 
A.  - OBJECTIVE 

To i n s t i t u t i o n a l i z e  w i t h i n  t h e  MOA Rura l  Eng ineer ing  S e r v i c e  t h e  
c a p a c i t y  t o  (1) ana lyze  ground and s u r f a c e  wa t e r  q u a l i t y  a s  w e l l  a s  t o  
compile,  c a t a l o g u e  and d i s s e m i n a t e  h y d r o l o g i c a l  in fo rmat ion ,  and ( 2 )  
c l a s s i f y  s o i l s ,  p r e p a r e  s o i l s  maps and p rov ide  e v a l u a t i o n  concern ing  
t h e  p r o p e r  u t i l i z a t i o n  of  s o i l s .  

I n  p r a c t i c a l  terms, fa rmers  can be adv i s ed  on s o i l  t r e a t m e n t s  t o  
o b t a i n  s u s t a i n a b l e  y i e l d s .  Achievement o f  t h i s  p r o j e c t  purpose  shou ld  
impact  on t h e  s e c t o r  g o a l  of  deve lop ing  an  i n fo rma t ion  b a s e  f o r  u s e  by 
t h e  GROD i n  n a t i o n a l  a g r i c u l t u r a l  p l ann ing ,  and i t s  d i s s emina t i on  t o  
f a rmer s  through t h e  a g r i c u l t u r a l  e x t e n s i o n  s e r v i c e .  

By t h e  end of t h e  p r o j e c t ,  t h e  l a b o r a t o r y  s t a f f  of t h e  Rura l  
Eng ineer ing  S e r v i c e  w i l l :  

- p o s s e s s  equipment and t e c h n i c a l  e x p e r t i s e  t o  independen t ly  
ana lyze  a l l  w a t e r  and s o i l s  t y p e s  i n  D j i b o u t i ;  

- have nece s sa ry  d a t a  upon which t o  b a s e  recommendations f o r  
w a t e r / s o i l  u s e  f o r  c rop  p r o d u c t i o n  and p rov ide  gu idance  f o r  
subsequent  s o i l s  /wa t e r  r e s o u r c e  a n a l y s e s  i n  t h e  f i e l d ;  

- have under taken  a  s o i l  i n v e n t o r y  and developed a  l a n d  
c l a s s i f i c a t i o n s  system i n  s e l e c t e d  p r i o r i t y  a r e a s .  

B.  STATEMENT OF WORK - -- 
1. S p e c i f i c a l l y  t o  accompl ish  t h e  above, t h e  c o n t r a c t o r  w i l l :  

a )  E s t a b l i s h  a  wa t e r  and s o i l s  d a t a  c o l l e c t i o n  system a s  w e l l  a s  
a  system f o r  t h e  d a t a ' s  d i s s e m i n a t i o n  and u se  by o t h e r  GROD, 
p r i v a t e  and donor i n s t i t u t i o n s ;  

b) c o l l a t e  e x i s t i n g  and p a s t  wa t e r  and s o i l s  d a t a  and t o  e x t e n t  
p o s s i b l e  o t h e r  donor d a t a  c o l l e c t i o n  a c t i v i t i e s ;  

c )  p rov ide  t r a i n i n g  t o  GROD pe r sonne l  i n  wa t e r  q u a l i t y  t e s t i n q  
and s o i l s  d a t a  c o l l e c t i o n  and a n a l y s e s ;  

d )  under take  s o i l s  s t u d i e s  and a n a l y s e s  s u p p o r t i v e  t o  ongoing 
donor s t u d i e s  and independent  of  o t h e r  donor e f f o r t s  i n  



s e v e r a l  MOA-USAID t a r g e t e d  a r e a s ;  

e )  g i v e n  d a t a  o b t a i n e d ,  p r o v i d e  estimate o f  f u r t h e r  r e q u i r e m e n t s  
n e e d e d  t o  u n d e r t a k e  a n a t i o n a l  o v e r v i e w  o f  soi ls  r e s o u r c e s .  

2 .  I n d i c a t i o n  t h a t  t h e  c o n t r a c t o r  h a s  s a t i s f a c t o r i l y  a t t a i n e d  t h e  
a b o v e  w i l l  be e v i d e n c e d  by  t h e  f o l l o w i n g :  

a )  R e  soils:  h a s  d e v e l o p e d  f i e l d  s u r v e y  and  t e s t i n g  me thods ,  
s u c h  t h a t  t h e  c o u n t r y  or a t  l eas t  a r e a s  showing  g r e a t e s t  
p o t e n t i a l  may be m e t h o d i c a l l y  c o v e r e d  ( d u l y  c l a s s i f i e d )  i n  t h e  
e n s u i n g  5-6 y e a r s .  S u r v e y  and  a n a l y s i s  s h o u l d  f o l l o w  n o r m a l  
"g round  t r u t h "  p r a c t i c e s  so t h a t  it w i l l  complement  e x i s t i n g  
or p l a n n e d  s a t e l l i t e  o r  a e r i a l  image ry .  F u r t h e r ,  h a s  
d e v e l o p e d  map u n i t s  w i t h  a p p r o p r i a t e  s o i l s  c l a s s i f i c a t i o n s ,  
r e l y i n g  o n  f i e l d  d a t a ,  l ab  r e p o r t s  and o t h e r  i n f o r m a t i o n  
s o u r c e s .  A l s o ,  h a s  d e v e l o p e d  l a b o r a t o r y  ( e q u i p e d )  t o  p o i n t  
t h a t  s o i l  t e s t i n g  r e q u i r e m e n t s  c a n  be i n d e p e n d e n t l y  h a n d l e d  
t h e r e i n .  

b )  R e  water r e s o u r c e s :  c o o r d i n a t e s  e q u i p p i n g  o f  l a b o r a t o r y  and  
e s t a b l i s h e d  p r a c t i c e s  f o r  water q u a l i t y  t e s t i n g  and r e c o r d i n a .  
( C e r t a i n  c o m m o d i t i e s  deemed c r i t i c a l  t o  f u n c t i o n i n g  
soi ls /water  l ab  a re  funded  unde r  t h i s  p r o j e c t ,  o t h e r s  w i l l  be 
f o r t h c o m i n g  f rom GROD and  o t h e r  d o n o r s )  ; 

c )  A " u s e r  s e r v i c e "  w i l l  be e s t a b l i s h e d  which  w i l l  l i s t  
i n s t i t u t i o n s ,  GROD, and  o t h e r  d o n o r s ,  which  a re  i n t i m a t e l y  
i n v o l v e d  and  c o n c e r n e d  w i t h  D j i b o u t i ' s  l a n d - u s e .  A means  and 
f o r m a t  f o r  d i s s e m i n a t i o n  w i l l  be t e s t e d  and imp lemen ted ;  

d )  A t e c h n i c a l  l i b r a r y  e s t a b l i s h e d  and s t o c k e d  w i t h  r e l e v a n t  
t e x t s ,  manua l s  and  j o u r n a l  s u b s c r i p t i o n s ,  ( i n  F r e n c h )  i n  
f i e l d s  o f  s o i l  s c i e n c e ,  h y d r o l o g y ,  g e o l o g y  and  water r e s o u r c e ,  
p l a n n i n g  and  l a n d - u s e  management. A l l  p a s t  and  p r e s e n t  
i n f o r m a t i o n  (maps ,  s t u d i e s ,  r e p o r t s )  r e  s o i l s  and  water w i l l  
be c a t a l o g u e d ;  

e )  "On-the- j ob"  t r a i n i n g  p r o v i d e d :  

1) A GROD-designated d e g r e e  l a b  a s s i s t a n t  w i l l  be 
t r a i n e d  i n  water q u a l i t y  t e s t i n g  s o i l  a n a l y s e s  
p r o c e d u r e s .  H e  w i l l  be under  t h e  d i r e c t i o n  o f  b o t h  
t h e  c o n t r a c t  ass is ted D j i b o u t i a n  p e d o l o g i s t  and a 
t r a i n e d  D j i b o u t i a n  h y d r o l o g i s t  who w i l l  be 
a s s i s t e d / t r a i n e d  by West German t e c h n i c a l  a s s i s t a n c e  
t earn i n  w e l l - l o g g i n g  i n t e r p r e t a t i o n  a q u i f e r  
r e c o n n a i s s a n c e ,  s t r e a m  g a u g i n g ,  m e t e o r o l o g i c a l  and 
g e n e r a l  h y d r o g e o l o g i c a l  t e c h n i q u e s  and d a t a  
management t o  e x t e n t  t h a t  h e  c a n  f u l l y  assume and  
d i r e c t  o n g o i n g  a c t i v i t i e s  a t  t i m e  West German 
t e c h n i c a l  a s s i s t a n c e  t e a m ' s  d e p a r t u r e ,  

2 )  A GROD-designated D j i b o u t i a n  w i l l  r e c e i v e  "OJT" i n  
c a t a l o g u i n g  and  da ta  management. 



3 )  A GROD-contr a c t o r  d e s i g n a t e d  d e g r e e - t r  a i n e d  
D j i b o u t i a n  s o i l  s c i e n t i s t  w i l l  r e c e i v e  "OJT" i n  s o i l  
s a m p l i n g  and  a n a l y s i s ,  mapping and  r e p o r t i n g  . 

f )  I d e n t i f i e d  t w o  c a n d i d a t e s  for s p e c i a l i z e d  U.  S. or T h i r d  
C o u n t r y  s h o r t - t e r m  t r a i n i n g  i n  a r e a s :  r e l a t e d  t o  s o i l  
a n a l y s e s ,  a n d  water q u a l i t y  t e s t i n g .  ( E i g h t  pe r son -mon ths  of 
t r a i n i n g  i s  f u n d e d  unde r  t h e  p r o j e c t )  ; 

g )  Based  upon p r o j e c t  s o i l s  a n d  water a c t i v i t i e s  and  o t h e r  
e x i s t i n g  d a t a ,  d e v e l o p e d  comprehens ive  s o i l s  r e p o r t s .  
G e o g r a p h i c a l  areas s t u d i e s  by  o t h e r  d o n o r s  a n d  t h e  
 contractor/^^^ l a b  p e r s o n n e l  w i l l  be a n a l y z e d  i n  t e r m s  o f  s o i l  
d e p t h ,  s t r u c t u r e  ( s a l i n i t y ) ,  t e x t u r e ,  i n f i l t r a t i o n  and  
d r a i n a g e  w i t h  s u b s e q u e n t  r e commenda t i ons  r e g a r d i n g  v i a b i l i t y  
o f  v a r i o u s  l a n d - u s e  o p t i o n s ,  i .e. ,  i n t e n s i v e  i r r i g a t e d  v s  r u n -  
o f f  a g r i c u l t u r e  for s e l e c t e d  c r o p s ,  c r o p p i n g  p a t t e r n s ,  
p a s t u r a g e  p o t e n t i a l .  Water r e s o u r c e  component  w i l l  a d 2 r e s s  
w a t e r  q u a l i t y ,  i . e . ,  c h e m i c a l  c o m p o s i t i o n  a n d  be s u p p o r t i v e  t o  
o t h e r  d o n o r s  e f f o r t s  t o  d e t e r m i n e  q u a n t i t y  o f  g round - su r  f a c e  
w a t e r  i n  order t o  d e v e l o p  r ecommenda t i ons  for i t s  p o t e n t i a l  
a p p l i c a t i o n  f o r  human, a n i m a l  and  a g r i c u l t u r e  u s e .  

2 )  To e x t e n t  d a t a  a v a i l a b l e ,  recommend i f  f u r t h e r  
i n v e s t m e n t  i n  t h i s  s e c t o r  i s  w a r r a n t e d  b a s e d  upon 
p r o j e c t  f i n d i n g s ,  a s  w e l l  as a d d r e s s  t h e  q u e s t i o n  of 
f u r t h e r  U.S.G. i n v e s t m e n t  v i s - a - v i s  u p g r a d i n g  
c a p a b i l i t i e s  w i t h i n  t h e  s o i l s  and w a t e r  l a b o r a t o r y .  



C .  PERSONNEL - 

1. I n  o r d e r  t o  implement t h e  above t a s k s ,  t h e  c o n t r a c t o r  w i l l  be 
r e q u i r e d  t o  supp ly  t h e  f o l l o w i n g  long-term r e s i d e n t  s e r v i c e s .  

Twenty-four person-months of an exper ienced  BS d e g r e e - t r a i n e d  
s o i l s  s c i e n t i s t .  I t  i s  expec ted  t h a t  t h i s  i n d i v i d u a l  w i l l  be 
r e s p o n s i b l e  f o r  a t t a i n i n g  p r o j e c t  " s o i l s "  o b j e c t i v e s  s t a t e d  e a r l i e r .  

I n  summary h e  w i l l :  

- f a c i l i t a t e  equ ipp ing  s o i l s  l a b o r a t o r y ,  u s i n g  p r o j e c t ,  
GROD, and o t h e r  donor funds ;  

- deve lop  i n i t i a l  annua l  work p l a n  f o r  GROD-USAID a p p r o v a l  
w i t h i n  o n e  month a r r i v a l  and subsequen t  p l a n s  w i t h i n  o n e  
y e a r  t h e r e o f  and o n e  month p r i o r  t o  h i s  d e p a r t u r e ;  

- conduct  f i e l d  s u r v e y s  i n  fo l lowinq  o r d e r  of  p r i o r i t y :  

a )  f a m i l y  u n i t  and d e t a i l  s c a l e  (1 :100,000)  s u r v e y s  of  
e x i s t i n g  o r  p o t e n t i a l  garden a r e a s  where management, 
i r r i g a t i o n  t e c h n i q u e s ,  reclammation p r o c e d u r e s ,  
c r o p s  and d r a i n a g e  have  t o  b e  a d a p t e d  t o  s o i l  
c o n d i t i o n s  and w a t e r  q u a l i t y / a v a i l a b i l i t y .  Areas  by 
o r d e r  of  p r i o r i t y  and magnitude a r e  t e n t a t i v e l y  
f i r s t  y e a r :  

- Moulud (100 h a )  - Doudubbala I1  

- For rage  Grand Bara (200 h a )  

b )  I n  medium-scale (1 :50 ,000)  s u r v e y s  of  major  p l a i n s  
and  v a l l e y s ,  i n  o r d e r  t o  p l a n  f u r t h e r  development  of  
p o t e n t i a l  i r r i g a t i o n  a r e a s .  Areas  by o r d e r  of  
p r i o r i t y  and magnitude a r e  t e n t a t i v e l y  second y e a r :  

- Gobaad (10,000 h a )  
- Hanle ( 5 ,000  h a )  
- Tad jourah  ( 5,000 h a )  

c )  F o r  b o t h  a )  and b )  above see a t t a c h e d  map and 
proposed keyed implementa t ion  phases .  

d )  deve loped  p l a n  f o r  s m a l l - s c a l e  su rvey  (1 :200,000)  of  
c o u n t r y ,  which would p r o v i d e  b a s i c  i n f o r m a t i o n  on 
up lands  and s t r a t i f y  s o i l  envi ronments  a c c o r d i n g  t o  
t h e i r  p o t e n t i a l  f o r  g r a z i n g ,  c a r r y i n g  c a p a c i t y ,  etc. 

- p r e p a r e  r e p o r t s  on  above s u r v e y s  w i t h  accompanying land-  
u s e  recommendations. Also  i n c l u d e d  w i l l  b e  f o l l o w i n g  
f i e l d  maps: 



a )  l a r g e - s c a l e  mapping of  ga rdens  ( e x i s t i n g  o r  
p o t e n t i a l )  a t  a  s c a l e  l e s s  t h a n  1:100,000. 
Terminology s h o u l d  b e  i n  agreement w i t h  USDA system 
and w i l l  need  t o  be a t  t h e  fami ly  l e v e l .  

b )  Reconnaissance  mapping a t  1: 50,000 i n  v a l l e y s  and 
p l a i n s .  Phases  o f  sub-group w i l l  p robab ly  be t h e  
u n i t s  t o  be r e c o g n i z e d  d u r i n g  mapping. 

c )  Developing p l a n  f o r  e v e n t u a l  e x p l o r a t o r y  survey of 
whole c o u n t r y  a t  1:200,000.  U n i t s  w i l l  be mostly 
n a t u r a l  r e g i o n s ,  i n  which g r e a t  s o i l  g roups  would be 
d e s c r i b e d .  

- develop land-use recommendations v i s - a - v i s  above a r e a s  
su rveyed  r e l y i n g  p r i n c i p a l l y  upon: f i e l d  t e s t s  t o  
d e t e r m i n e  p e r m e a b i l i t y ,  i n f i l t r a t i o n  i n  a r e a s  where 
i r r i g a t i o n  i s  planned,  l a b  a n a l y s e s  t o  d e t e r m i n e  t e x t u r e ,  
pH, o r g a n i c  carbon,  e l e c t r i c  c o n d u c t i v i t y ,  c a t i o n s ,  
c a t i o n  exchange, w a t e r  a v a i l a b i l i t y ,  bulk  d e n s i t y ,  
boron;  

- a s  e a r l y  a s  p o s s i b l e ,  d e t e r m i n e  e x t e n t  t o  which MOA s o i . 1 ~  
l a b  can  s a t i s f y  above r e q u i r e m e n t s ,  and, where de termined 
unab le ,  t o  deve lop  s y s t e m / r e l a t i o n s h i p  f o r  a n a l y s i s  
o u t s i d e  D j i b o u t i :  

- p r o v i d e  "OJT" f o r  o n e  MOA d e g r e e - t r a i n e d  D j i h o u t i a n  
p e d o l o g i s t  a s s i g n e d  a s  D i r e c t o r  of  R u r a l  Eng inee r ing  
S o i l s  s e c t i o n  and o n e  l a b  a s s i s t a n t  charged w i t h  l a b  
a n a l y s e s :  

- p r o v i d e  "OJT" t r a i n i n g  t o  l a b  a s s i s t a n t  i n  s o i l s  
a n a l y s e s  and r e p o r t i n g :  

- g i v e n  e x i s t e n t  or p lanned  s a t e l l i t e  o r  a e r i a l  photos  
t o  deve lop  i n f o r m a t i o n  such t h a t  it w i l l  s e r v e  a s  
b a s e l i n e  "ground t r u t h "  d a t a ,  upon which t ime- lapse  
a n a l y s i s  may u l t i m a t e l y  b e  developed;  

- be u l t i m a t e l y  r e s p o n s i b l e  f o r  e s t a b l i s h i n g  w i t h i n  
M O A / R U ~ ~ ~  E n g i n e e r i n g  S e r v i c e ,  a  t e c h n i c a l  l i b r a r y  
and u s e r  s e r v i c e ;  

- b e  t a s k e d  t o  c o o r d i n a t e  soils c o l l e c t i o n  a n a l y s e s  
a c t i v i t i e s  w i t h  o t h e r  donors  o r  p e r  GROD d e s i g n a t e d  
p r i o r i t i e s  whichever  t a k e s  precedence:  

- a s  Chief  o f  P a r t y  be charged w i t h  in fo rming  GFOD, 
MOA, and USAID on q u a r t e r l y  p r o g r e s s  of p r o j e c t  
a c t i v i t i e s  and b r i n g i n g  t o  GROD-USAID a t t e n t i o n  any 
p r o b l e m s / s h o r t f a l l s ,  e x p e c t e d  a s  r e s u l t  o f ,  f o r  
example, i n s u f f i c i e n t  manpower, t r a i n i n g ,  
c o m m d i t i e s ,  donor  c o o r d i n a t i o n ,  e t c .  



Moreover ,  w i l l  b e  r e s p o n s i b l e  f o r  c o o r d i n a t i n q  TDY v i s i t s ,  
s y n t h e s i z i n g  c o n t r a c t o r ' s  r e s u l t s .  I n  t h e  a b s e n c e  o f  h y d r o l o g i s t ,  h e  
w i l l  b e  e x p e c t e d  t o  p r o v i d e  g u i d a n c e  t o  w a t e r  c h e m i s t .  Hence, i t  i s  
d e s i r a b l e  t o  f i l l  t h i s  p o s i t i o n  w i t h  someone who h a s  had  some w a t e r  
q u a l i t y  t e s t i n g  e x p e r i e n c e .  

2 .  S h o r t - t e r m  c o n t r a c t o r  s e r v i c e s ,  8 p e r s o n  months  w i l l  be r e q u i r e d  
a s  f o l l o w s :  

a )  f i v e  p e r s o n  months  o f  a n  e x p e r i e n c e d  MS d e g r e e - t r a i n e d  
h y d r o l o g i s t .  I t  i s  e x p e c t e d  t h a t  t h i s  i n d i v i d u a l  w i l l  be 
r e s p o n s i b I e  f o r  a t t a i n i n g  p r o j e c t  w a t e r  r e s o u r c e  o b j e c t i v e s  
s t a t e d  above .  

I n  summary h e  w i l l :  

- f a c i l i t a t e  e q u i p p i n g  l a b o r a t o r y  u s i n g  p r o j e c t ,  GROD, and 
o t h e r  donor  f u n d s ;  

- be c h a r g e d  w i t h  p r o v i d i n g  "OJT" t o  MOA h y d r o a e o l o g i s t  
a n d / o r  l a b  a s s i s t a n t  c o u n t e r p a r t  i n  water q u a l i t y  t e s t i n u  
and  r e p o r t i n g  . 

I t  i s  e x p e c t e d  h y d r o l o g i s t  w i l l  make three two-month TDY's. Two 
i n  t h e  f i r s t  y e a r ,  o n e  i n  t h e  s econd  y e a r  o f  p r o j e c t  t o  m o n i t o r  and 
p r o v i d e  d i r e c t i o n  f o r  a c t i v i t i e s  p r e v i o u s l y  s c h e d u l e d  d u r i n g  h i s  s t a y  
h e r e .  The l a s t  t r i p  w i l l  r e q u i r e  h i s / h e r  p r e p a r i n q  f i n a l  r e p o r t s ;  

b )  R e m o t e  s e n s i n g  e x p e r t  (1 p e r s o n  month) who w i l l  make 
recommendat ions  c o n c e r n i n g  s a t e l l i t e / a e r i a l  r e c o n n a j . s s a n c e  a s  
s u p p l e m e n t a r y  e f f o r t  t o  t h i s  p r o j e c t ;  

To b e  i d e n t i f i e d  ( 2  p e r s o n  m o n t h s ) ,  p o s s i b l y  w a t e r  r e s o u r c e s  
p l a n n e r  or s e n i o r  h y d r o g e o l o g i s t  who w i l l  a r r i v e  a t  b e q i n n i n g  
o f  t h i r d  y e a r  and be s p e c i f i c a l l y  c h a r g e d  w i t h  a s s i s t i n g  i n  
f i n a l  deve lopment  of reports e s p e c i a l l y  w i t h  respect t o  
summar iz ing  long- te rm GROD a g r i c u l t u r  a 1  deve lopment  p o t e n t i a l  
and  p o l i c i e s  b a s e d  upon other donor  a c t i v i t i e s / r e s u l t s  i n  
water sector. I t  s h o u l d  b e  n o t e d  t h a t  a  d i f f e r e n t  t e c h n i c a l  
s e r v i c e  mix migh t  b e  r e q u i r e d  o t h e r  t h a n  t h a t  d e s c r i b e d  above.  
S u b s e q u e n t  c o n t r a c t o r  reports and e v a l u a t i o n  w i l l  s e r v e  as  
s o u r c e  f o r  i d e n t i f y i n g  s u c h  r e q u i r e m e n t s ,  e .a . ,  a g r o n o m i s t .  

D.  TIMING - 
I t  i s  r e q u e s t e d  t h a t  t h e  c o n t r a c t o r ' s  d e s i g n a t e d  s o i l s  s c i e n t i s t  

and  h y d r o l o g i s t  a r r i v e  i n  O c t o b e r .  Upon a r r i v a l  t h e  r e s i d e n t  team 
w i l l  u n d e r t a k e  g e n e r  a1 f i e l d / a i r  r e c o n n a i s s a n c e :  d e v e l o p  d e t a i l e d  
a n n u a l  work p l a n  t o  be s u b m i t t e d  by November 1979.  Given  t h a t  USAID 
i n t e n d s  t o  o r d e r  b u l k  o f  p r o j e c t  equ ipmen t ,  n o  l a t e r  t h a n  May, 1979,  
i t  i s  r e a s o n a b l e  t o  assume t h a t  m a j o r i t y  o f  l a b  and f i e l d  commoditi.es, 
i n c l u d i n g  v e h i c l e  w i l l  b e  o n - s i t e  by November, 1979.  Hence i t  w i l l  b e  
e x p e c t e d  t h a t  r e s i d e n t  team w i l l  spend  m a j o r i t y  o f  t i m e ,  November- 



D e c e m b e r ,  i n  e q u i p p i n g  l a b o r a t o r y ,  a n d  f a m i l i a r i z i n g  i t s e l f  w i t h  
e x i s t i n g  mater ia l  o n  w a t e r  a n d  s o i l s  i n  D j i b o u t i .  H y d r o l o g i s t s  w i l l  
d e p a r t  i n  CY 1 9 7 9 .  

F i r s t  q u a r t e r  of CY 1 9 8 0  s o i l s  s c i e n t i s t  w i l l  c o n t i n u e  t o  p r o v i d e  -- 
i n s t r u c t i o n  t o  d e s i g n a t e d  l ab  a s s i s t a n t ( ~ )  i n  w a t e r  q u a l i t y  t e s t i n g  
a n d  so i l s  l ab  a n a l y s e s .  

C o n t r a c t o r  w i l l  se t  i n  m o t i o n  e s t a b l i s h m e n t  of l i b r a r y ,  s y s t e m  
fo r  c a t a l o g u i n g  p a s t ,  p r e s e n t  a n d  f u t u r e  d a t a  a n d  d e v e l o p i n g  " u s e r  
s e r v i c e .  " 

S e c o n d  q u a r t e r  w i l l  see s o i l s  s c i e n t i s t  c o n t i n u e  l a b  "OJT" a n d  
b e g i n  f i e l d  a n a l y s i s  i n  major p r i o r i t i z e d  areas; e .g . ,  Moulud ,  G r a n d  
Bara. 

T h i r d / f o u r t h  q u a r t e r s  w i l l  h a v e  s o i l  s c i e n t i s t  c o n t i n u i n g  a b o v e  
a n d  t o  e x t e n t  f eas ib le  i n i t i a t i n g  l a r g e r  scale s u r v e y  o f  p l a i n  s i t es  
w h e r e  GROD, other d o n o r s  a g r i c u l t u r a l  p r o j e c t s  a r e  p l a n n e d ,  e .a. ,  
Gobaad. T o w a r d  e n d  CY, s o i l  s c i e n t i s t  w i l l  d e v e l o p  s e c o n d  a n n u a l  work  
p l a n ,  w h i c h  w i l l  i n c l u d e  a d d i t i o n a l  TDY a s s i s t a n c e  f o r e s e e n .  D u r i n g  
t h i s  p e r i o d  remote s e n s i n g  e x p e r t  w i l l  a r r i v e  make  r e c o m r n e n d a t i o n s  
r e g a r d i n g  s a t e l l i t e / a e r i a l  r e c o n  r e q u i r e m e n t s ,  a n d  h y d r o l o g i s t  for t w o  
m o n t h s  TDY a s s i s t a n c e  i n  s u p p o r t  of l a b  o p e r a t i o n s .  

D u r i n g  e a r l y  -- CY 1 9 8 1  a  j o i n t  USAID/AID/W a n n u a l  e v a l u a t i o n  w i l l  
be u n d e r t a k e n .  P r i m a r y  p u r p o s e  of t h i s  e v a l u a t i o n  w i l l  be t o  
a s c e r t a i n  project  c o n t r a c t o r  ' s  p r o g r e s s  t o w a r d  m e e t i n g  s p e c i f i e d  
o b j e c t i v e s  a n d  based u p o n  f i n d i n g s  t o  p o s s i b l y  recommend a d d i t i o n a l  
f o l l o w - o n  a c t i v i t y .  Fu r  thermore, d u r i n g  t h i s  p e r i o d ,  t h e  h y d r o l . o g i s t  
w i l l  r e t u r n  t o  do f o l l o w - u p  w o r k  i n  w a t e r  q u a l i t y  t e s t i n g  p r o c e d u r e s .  
S o i l s  s c i e n t i s t  w i l l  h a v e  f i n a l i z e d  r e p o r t s  o n  Moulud ,  G r a n d  B a r a  
a reas .  

S e c o n d  q u a r t e r  of 1 9 8 1  w i l l  see s o i l s  s c i e n t i s t  f i n a l i z i n q  s o i l  
reports based u p o n  f o l l o w - u p  g a r d e n s ,  p l a i n / m o u n t a i n  s t u d i e s  
u n d e r t a k e n  i n  Gobaad a n d  i n i t i a t i n g  f u r t h e r  s t u d i e s  i n  p r i o r i t y  
p l a i n / m o u n t a i n  areas, e . g . ,  H a n l e  a n d  T a d  j o u r a h .  

T h i s  q u a r t e r  w i l l  be d e v o t e d  t o  c o m p l e t i n g  f i e l d  work  a n d  
d r a f t i n g  reports o n  H a n l e ,  T a d j o u r a h  a s  w e l l  a s  d e v e l o p i n g  p l a n  for 
n a t i o n a l  s o i l s  s u r v e y .  

F o u r t h  q u a r t e r  so i l s  s c i e n t i s t  w i l l  depar t .  

I n  e a r l y  1 9 8 2 ,  s o i l  s c i e n t i s t  a n d  s e n i o r  h y d r o g e o l o g i s t  ( w a t e r  
r e s o u r c e  p l a n n e r )  w i l l  r e t u r n  fo r  o n e  p e r s o n - m o n t h  each t o  o b s e r v e  
o n g o i n g  a c t i v i t i e s ,  u p d a t e  s t u d i e s / r  e p o r t s .  T o  e x t e n t  p o s s i b l e ,  U S A I D  
f i n a l  e v a l u a t i o n  w i l l  be c o n d u c t e d  c o n c u r r e n t  w i t h  t h e i r  v i s i t .  F i n a l  
reports w i l l  be s u b m i t t e d  t o  USAID, GROD a n d  A I D / W  n o  l a t e r  t h a n  t w o  
a n d  o n e - h a l f  ( 2 - 1 / 2 )  y e a r s  from t h e  t i m e  of c o n t r a c t  t e a m ' s  a r r i v a l .  

T h e  a b o v e  r e p r e s e n t s  U S A I D  e x p e c t e d  c o n t r a c t o r  s c e n a r i o  w h i c h ,  
h o w e v e r ,  i s  s u b j e c t  t o  amendment  based upon  USAID a p p r o v a l / r e v i e w  o f  
c o n t r a c t o r  r e c o m m e n d a t i o n s  a n d / o r  USAID/AID/W formal e v a l u a t i o n .  



I t  s h o u l d  be n o t e d  t h a t  t h e  c o n t r a c t o r  i s  e x p e c t e d  t o  p r o v i d e  
c o n t i n u i n g  "OJT" t h r o u g h o u t  r e s i d e n t  t e n u r e  a n d  s u b s e q u e n t  TDY' s .  F o r  
t h a t  r e a s o n ,  t he  c o n t r a c t o r  w i l l  be e x p e c t e d  t o  p e r i o d i c a l l y  report o n  
c o u n t e r p a r t  a n d  s t a f f ' s  p r o g r e s s  t o w a r d  g r a s p i n g  i n s t r u c t i o n / g u i d a n c e  
p r o v i d e d  a n d  h e n c e ,  i n s t i t u t i o n a l i z a t i o n  o f  p r o j e c t  a c t i v i t i e s .  

I t  i s  h o p e d  t h a t  USAID w i l l  be able  t o  i d e n t i f y  a n d  s e n d  w a t e r  
c h e m i s t  f o r  t r a i n i n g  so t h a t  h e  w i l l  h a v e  r e t u r n e d  b y  t i m e  r e s i d e n t  
t e a m  a r r i v e s .  To e x t e n t  USAID i s  u n a b l e  t o  f u l f i l l  t h i s  o b j e c t i v e ,  i t  
w i l l  be e x p e c t e d  t h a t  t h e  c o n t r a c t o r  w i l l  d o  so. 

E. REPORTS - 
1. A n n u a l  Work P l a n .  

2. Q u a r t e r l y  p r o g r e s s  r e g a r d i n g  l ab  a c t i v i t i e s ,  o u t p u t s  i n  s u p p o r t  
i n s t i t u t i o n a l i z a t i o n .  

3 .  S p e c i f i c  area reports  ( t o  be d e t e r m i n e d )  w h i c h  d i s c u s s  o b j e c t i v e  
of s t u d y ,  m e t h o d s  u s e d ,  r e s u l t s  a n d  r e c o m m e n d a t i o n s .  I n  case of 
s o i l s  work t h i s  s h o u l d  be a c c o m p a n i e d  by maps r e f e r r e d  t o  
e a r l i e r .  

4 .  F i n a l  report, s y n t h e s i z i n g  c o m p r e h e n s i v e  s o i l s  a n a l y s e s  a n d  w a t e r  
q u a l i t y  t e s t i n g  r e p o r t s  w h i c h  would  c o v e r  a l l  areas a d d r e s s e d  
d u r i n g  l i f e  o f  p r o j e c t  a n d  p r o v i d e  p r e l i m i n a r y  r e c c m m e n d a t i . o n s  
r e g a r d i n g  f u t u r e  U.S.G. a s s i s t a n c e  i n  t h i s  a r e a .  



F. ADMINISTRATIVE & OTHER DONOR COORDINATION - - 
( C o n t r a c t o r  Working R e l a t i o n s h i p s )  

I t  i s  u n d e r s t o o d  t h a t  GROD p r e s e n t l y  p e r c e i v e s  t h e  R u r a l  
E n g i n e e r i n g  S e r v i c e  w i t h i n  MOA as  t h e  i n s t i t u t i o n  r e s p o n s i b l e  f o r  
s u r v e y i n g ,  a n a l y z i n g  D j i b o u t i ' s  soi l /water  p o t e n t i a l  and  recommending 
p r e f e r a b l e  l a n d - u s e  o p t i o n s ,  a s  w e l l  as p r o v i d i n g  f o r  u t i l i z a t i o n  o f  
water i n  r u r a l  areas. 

1. I n  s u p p o r t  o f  t h e  above  o b j e c t i v e s ,  t h e  R u r a l  
E n g i n e e r i n g  S e r v i c e  i s  o r g a n i z e d  i n t o  t h e  f o l l o w i n g  s e c t i o n s  under  t h e  
p r e s e n t  C h i e f  o f  S e r v i c e  Mr. Mohamed Wabari .  

b )  M a i n t e n a n c e  - c h a r g e d  t o  p r o v i d e  s u p p o r t  and 
m a i n t e n a n c e  t o  a l l  f a c e t s  o f  s e r v i c e s  o p e r a t i o n  

c )  P u b l i c  ~ o r k s / ~ r i l l i n g  - c h a r g e d  t o :  

1 )  d e v e l o p  i d e n t i f i e d  water s o u r c e s  i n  r u r a l  areas 
f o r  a g r i c u l t u r e / h u m a n  u s e ,  i . e . ,  water p o i n t s ,  
b a r r a g e s ,  etc. 

2 )  p r o v i d e  tes t  d r i l l i n g  u s i n g  Saudi-Ar a b i a n  w e 1  1 
r i g s  ( 2 )  i n  o r d e r  t o  i d e n t i f y  p o s s i b l e  w a t e r  
s o u r c e s .  

d )  R e s e a r c h  compr i sed :  

1. Water a n a l y s e s  - c h a r g e d  to :  

a )  u n d e r t a k e  w e l l - l o g g i n g ,  w e l l  n e t  m o n i t o r i n g  t o  
d e t e r m i n e  q u a n t i t y  o f  g r o u n d w a t e r .  

b )  ( p r o v i s i o n a l )  d o  s t r e a m  ( w a d i )  g a u g i n g  t o  
d e t e r m i n e  r u n - o f f  f o r  p u r p o s e s  i d e n t i f y i n g  
s u r f a c e  water p o t e n t i a l .  

c )  U s e  i n d i g e n o u s  l ab  f a c i l i t y  f o r  t e s t i n g  
q u a l i t y  o f  water f o r  h u m a n / a g r i c u l t u r a l  u s e  
a n d  f u r n i s h i n g  t e c h n i c a l  reports c o n c e r n i n g  
r e s u l t s .  

d )  d e v e l o p  c m p r  e h e n s i v e  p l a n ,  s y n t h e s i z e  above  
f o r  making s p e c i f i c  recommendat ions  for water 
p o t e n t i a l / u s a g e .  

2 )  S o i l s  a n a l y s e s  - c h a r g e d  to :  

a )  u n d e r t a k e  f i e l d  a n a l y s i s ,  d e v e l o p  
c l a s s i f i c a t i o n  s y s t e m  and  maps i n  o r d e r  t o  



determine ag r i cu l t u r a l  po t en t i a l  for  i r r i g a t e d  
versus run-off ag r icu l tu re .  

develop l ab  i n t o  u n i t  capable of independently 
conducting necessary s o i l s  type ana ly s i s  and 
furnishing technica l  r e p o r t s  on analyses.  

develop comprehensive plan for  e f f ec t i ng  
analyses i n  po t en t i a l  ag r icu l tu r  a1 areas ,  
i . e . ,  p l a ins ,  maountains and na t iona l  i n  t h a t  
order  of p r i o r i t y  . 

3 )  Library - charged with compiling, c o l l a t i n q  da ta ,  
r e p o r t s ,  maps, photos, a l l  mater ia l  produced 
suppor t i ive  t o  Rur a1 Engineering Service.  

2 .  A t  p resent  GROD s t a f f i n g  requirements remain t o  be fu r the r  
defined with respec t  t o  t he  So i l s  and Water sec t ion ;  however, it i s  
t e n t a t i v e l y  planned t h a t  t h e  water secion w i l l  have as  i t s  head a  
degree-trained hydrogeologist  a s s i s t ed  by a  water chemist i n  t h e  
labora tory ,  who w i l l  most probably double as  t h e  s o i l s  lab  analys t .  
I t  i s  expected t h a t  within a  year add i t iona l  hydrologis t  pos i t ions  
w i l l  be added. The s o i l s  sec t ion  w i l l  have a s  i t s  head a  degree- 
t r a ined  pedologist ,  s pec i a l i z i ng  i n  a r i d / s a l i n e  s o i l s  and a s s i s t e d  by 
one l a b  a s s i s t a n t  ( see  preceding sentence) .  

A l i b r a r y  w i l l  be s t a f f ed  by a  c le rk  who w i l l  r ece ive  
subsequent t r a i n i n g  i n  cataloguing and w i l l  have a  sec re ta ry  who w i l l  
support  s o i l s  and water,  p lus  l i ba ry  sec t ion  t a sks .  A l l  s ec t ions  w i l l  
be housed i n  a  new labora to ry /o f f i ce  complex, which includes 150 m 2  of 
f loor  space, chemistry benches, with access t o  d i s t i l l e d  and t a p  water 
and a  s t a b l e  e l e c t r i c a l  power source, four s inks  and a  wall  bench w i t h  
cabinets  for  t he  s to rage  of glassware and suppl ies .  Other f a c i l i t i e s  
w i l l  include t h r e e  o f f i c e s ,  a  sample preparat ion room, a  supply and 
s torage  and an instrument room. Estimated completion da t e  i s  November 
1979. 

3 .  Other donor a s s i s t ance  w i l l  be support ive i n  following 
manner : 

a )  French t echn ica l  a s s i s t ance  i n  hydraulics-general 
engineering ( 2  persons) w i l l  be expected t o  a s s i s t  
Public  Works sec t ion  i n  carrying out i t s  ob jec t ives  and 
s p e c i f i c a l l y  provide opera t ional  support fo r  r i g s ,  "OJT" 
and spec i a l  t r a i n ing  t o  se lec ted  d r i l l  crews. 
Ass is tance  expected before  end CY 1979. 

b )  West German technica l  a s s i s t ance  (2-year p ro j ec t  
beginning i n  CY 1979 providing 48 fu l l - t ime person 
months of hydrogeologist and t echn ic ian)  who w i  11 
develop plan for  in tens ive  hydrological  survey of 
Dj ibout i .  Attached t o  the  water sec t ion ,  they w i l l  be 
i n i t i a l l y  expected t o  do well-logging, and stream 
gauging; t o  determine water quan t i ty  v i a  pump t e s t i n q ,  



g a u g i n g  s t a t i c ,  dynamic c h a r g e  i n  a l r e a d y  a g r e e d  upon 
p r i o r i t y  a r e a s ,  e . g . ,  Grand Bara ,  Gobaad, Han le  and 
T a d j o u r a h .  They w i l l  p r o v i d e  TDY a s s i s t a n c e  t o  a s s i s t  
i n  i d e n t i f y i n g  p r o s p e c t i v e  s i tes  f o r  P u b l i c  Works 
s e c t i o n  t e s t  d r i l l i n g .  They w i l l  e s t a b l i s h  w e l l  n e t s  t o  
d e t e r m i n e  a q u i f e r  volume, p r e c i s e  l o c a t i o n s  and a s  p a r t  
o f  a l l  above  p r o v i d e  "OJT" t o  s e c t i o n  c h i e f  
h y d r o g e o l o g i s t ,  p r o v i s i o n a l  h y d r o l o q i s t  and t o  d r i l l  
crews i n  l o g g i n g  p r o c e d u r e s .  They w i l l  p r o v i d e  f i e l d  
s a m p l e s  t o  t h e  w a t e r  l a b  c h e m i s t  who w i l l  be e x p e c t e d  t o  
t e s t  i t s  q u a l i t y .  Based upon f i e l d  and l a b  r e s u l t s ,  t h e  
h y d r o g e o l o g i s t  w i l l  pr  e p a r  e reports w i t h  
recommendat ions .  

c )  F r e n c h  e x p e r t i s e  ( n a t u r e  u n d e f i n e d )  w i l l  b e  p r o v i d e d  t o  
t h e  C h i e f  o f  S e r v i c e .  I t  i s  e x p e c t e d  t h a t  a s s i s t a n c e  i n  
a d m i n i s t r a t i o n  and l and-use  s c i e n c e  w i l l  b e  p r o v i d e d  
f u l l - t i m e  b e g i n n i n g  i n  l a t e  1979. The l a n d - u s e  
s c i e n t i s t  w i l l  b e  p r i n c i p a l l y  c h a r g e d  w i t h  s y n t h e s i z i n a  
r e s u l t s  from w a t e r  (W. German a s s i s t e d )  and  so i l s  ( U . S .  
a s s i s t e d )  s e c t i o n s  i n  terms o f  a g r i c u l t u r a l  p o t e n t i a l  o f  
a r e a s  j o i n t l y  s t u d i e d ,  and d e v e l o p i n g ,  i n  c o o r d i n a t i o n  
w i t h  t h o s e  s e c t i o n s  and t h e i r  a d v i s o r s ,  a  N a t i o n a l  
R e s o u r c e  i n v e n t o r y  p l a n  f o r  s u b s e q u e n t  imp1 e m e n t a t i o n .  

4. A s  p r e v i o u s l y  s t a t e d  and f u r t h e r  d e t a i l e d  i n  o r g a n i q r a m  t h e  
c o n t r a c t o r  w i l l  b e  r e s p o n s i b l e  f o r :  

a )  d e v e l o p i n g  t h e  l a b o r a t o r i e s  o f  t h e  w a t e r / s o i l s  s e c t i o n s ;  

b )  p r o v i d i n g  o p e r a t i o n a l  and a d v i s o r y  s u p p o r t  t o  t h e  so i l s  
s e c t i o n  i n  to to;  

c )  c o n f i n e  a c t i v i t i e s  i n  wa te r  s e c t i o n  t o  t r a i n i n g  w a t e r  
q u a l i t y  c h e m i s t ;  

d )  d e v e l o p i n g  l i b r a r y  and t r a i n i n g  l i b r a r i a n .  

5. Given t h a t  t h e  c o n t r a c t o r  w i l l  work a c r o s s  o r g a n i z a t i o n a l  
l i n e s  h e  w i l l  b e  e x p e c t e d  t o  r e p o r t  t o  t h e  C h i e f  o f  S e r v i c e  o n l y ,  b u t  
a l s o  c o o r d i n a t e  f i e l d  t a s k s  c l o s e l y  w i t h  head  o f  W e s t  German 
h y d r o l o g i c a l  a s s i s t a n c e  team ( E n g l i s h  s p e a k i n g ) .  
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ARTICLE I - STATEMENT O F  WORK -- 
A .  Objec t ive  

The purpose of t h i s  c o n t r a c t  i s  t o  i n s t i t u t i o n a l i z e  wi th in  t h e  
Minis t ry  of Agr icu l ture  (MOA) Rural Engineering Se rv ice  t h e  capabi ty  
t o  (1) analyze ground and s u r f a c e  water q u a l i t y  a s  w e l l  a s  t o  compile, 
ca ta logue  and d isseminate  hydro logica l  information,  and ( 2 )  c l a s s i f y  
s o i l s ,  p repare  s o i l s  maps and provide eva lua t ion  concerning t h e  proper 
u t i l i z a t i o n  of s o i l s .  

In  p r a c t i c a l  terms, farmers can be advised on s o i l  t r ea tmen t s  t o  
o b t a i n  s u s t a i n a b l e  y i e l d s .  Achievement of t h i s  c o n t r a c t  purpose 
should impact t h e  sec to r  goal  of developing an information base  fo r  
use  by t h e  Government of t h e  Republic of D j ibou t i  ( G R O D )  i n  na t iona l  
a g r i c u l t u r  a1 planning,  and i t s  d isseminat ion  t o  farmers throuah t h e  
a g r i c u l t u r a l  extension s e r v i c e .  

By t h e  end of t h e  c o n t r a c t ,  t h e  l abora to ry  s t a f f  of t h e  Rural 
Engineering Se rv ice  w i l l :  

- possess  equipment and t e c h n i c a l  e x p e r t i s e  t o  independently 
analyze a l l  water and s o i l s  t ypes  i n  Dj ibou t i ;  

- have necessary d a t a  upon which t o  base  recommendations fo r  
w a t e r / s o i l  use f o r  crop product ion and provide guidance for  
subsequent so i l s /wa te r  r e source  ana lyses  i n  t h e  f i e l d :  

- have undertaken a  s o i l  inventory and developed a  land 
c l a s s i f i c a t i o n s  system i n  s e l e c t e d  p r i o r i t y  a reas .  

B. Statement of Work -- 
1. S p e c i f i c a l l y  t o  accomplish t h e  above, t h e  c o n t r a c t o r  w i l l :  

a .  E s t a b l i s h  a  water and s o i l s  d a t a  c o l l e c t i o n  system a s  
we l l  a s  a  system for  t h e  d a t a ' s  d i sseminat ion  and use by o the r  GROD, 
private and donor institutions; 

b. C o l l a t e  e x i s t i n g  and p a s t  water and s o i l s  d a t a  and t o  
e x t e n t  p o s s i b l e  o the r  donor d a t a  c o l l e c t i o n  a c t i v i t i e s ;  

c .  Provide t r a i n i n g  t o  GROD personnel  i n  water q u a l i t y  
t e s t i n g  and s o i l s  d a t a  c o l l e c t i o n  and ana lyses ;  

d .  Undertake s o i l s  s t u d i e s  and ana lyses  suppor t ive  t o  
ongoing donor s t u d i e s  and independent of o ther  donor e f f o r t s  i n  
s e v e r a l  MOA-USAID t a r g e t e d  a r e a s ;  

e.  Given d a t a  obta ined ,  provide e s t ima te  of f u r t h e r  
requirements  needed t o  undertake a  n a t i o n a l  overview o f  s o i l s  
r esour ces .  



2 .  I n d i c a t i o n  t h a t  t h e  c o n t r a c t o r  h a s  s a t i s f a c t o r i l y  a t t a i n e d  
t h e  above  w i l l  be e v i d e n c e d  b y  t h e  f o l l o w i n g :  

a .  R e  so i l s :  h a s  deve loped  f i e l d  s u r v e y  and t e s t i n g  
methods ,  s u c h  t h a t  t h e  c o u n t r y  or a t  l e a s t  a r e a s  showing q r e a t e s t  
p o t e n t i a l  may be m e t h o d i c a l l y  c o v e r e d  ( d u a l l y  c l a s s i f i e d )  i n  t h e  
e n s u i n g  5-6 y e a r s .  Su rvey  and a n a l y s i s  s h o u l d  f o l l o w  normal  "qround 
t r u t h "  p r a c t i c e s  so t h a t  it w i l l  complement e x i s t i n g  o r  p l a n n e d  
s a t e l l i t e  or a e r i a l  imagery .  F u r t h e r ,  h a s  d e v e l o p e d  map u n i t s  w i t h  
a p p r o p r i a t e  s o i l s  c l a s s i f i c a t i o n s ,  r e l y i n g  o n  f i e l d  d a t a ,  l a b  r e p o r t s  
a n d  o t h e r  i n f o r m a t i o n  s o u r c e s .  A l s o ,  h a s  d e v e l o p e d  l a b o r a t o r y  
( e q u i p p e d )  t o  p o i n t  t h a t  s o i l  t e s t i n g  r e q u i r e m e n t s  c a n  be 
i n d e p e n d e n t l y  h a n d l e d  t h e r e i n .  

b .  R e  w a t e r  r e s o u r c e s :  c o o r d i n a t e s  e q u i p p i n g  o f  
l a b o r a t o r y  and  e s t a b l i s h e d  p r a c t i c e s  f o r  w a t e r  q u a l i t y  t e s t i n g  and  
r e c o r d i n g  . ( C e r t a i n  commodi t ies  deemed c r i t i c a l  t o  f u n c t i o n i n g  
s o i l s / w a t e r  l a b  are funded  under  t h i s  p r o j e c t ;  o t h e r s  w i l l  be 
f o r t h c o m i n g  from GROD and  other d o n o r s )  ; 

c. A " u s e r  s e r v i c e "  w i l l  be e s t a b l i s h e d  which w i l l  l i s t  
i n s t i t u t i o n s ,  GROD, and o t h e r  d o n o r s ,  which a r e  i n t i m a t e l y  i n v o l v e d  
and  c o n c e r n e d  w i t h  D j i b o u t i ' s  l and -use .  

A means and f o r m a t  f o r  d i s s e m i n a t i o n  w i l l  be t e s t e d  and 
implemented .  

d .  A t e c h n i c a l  l i b r a r y  e s t a b l i s h e d  and  s t o c k e d  w i t h  
r e l e v a n t  t e x t s ,  manuals  and  j o u r n a l  s u b s c r i p t i o n s ,  ( i n  k e n c h )  i n  
f i e l d s  o f  s o i l  s c i e n c e ,  h y d r o l o g y ,  g e o l o g y  and  w a t e r  r e s o u r c e ,  
p l a n n i n g  and  l a n d - u s e  management. A l l  p a s t  and p r e s e n t  i n f o r m a t i o n  
(maps,  s t u d i e s ,  r e p o r t s )  r e  so i l s  and w a t e r  w i l l  be c a t a l o g u e d ;  

e. "On-the- job"  t r a i n i n g  p r o v i d e d :  

1. A GROD-designated d e g r e e  l a b  a s s i s t a n t  w i l l  be 
t r a i n e d  i n  w a t e r  q u a l i t y  t e s t i n g  s o i l  a n a l y s e s  p r o c e d u r e s .  H e  w i l l  be 
u n d e r  t h e  d i r e c t i o n  of both t h e  c o n t r a c t  a s s i s t e d  D j i b o u t i a n  
p e d o l o g i s t  and  a  t r a i n e d  Dj i b o u t i a n  h y d r o l o g i s t  who w i l l  be 
a s s i s t e d / t r a i n e d  by  W e s t  Geraman t e c h n i c a l  A s s i s t a n c e  team i n  w e l l -  
l o g g i n g  i n t e r p r e t a t i o n ,  a q u i f e r  r e c o n n a i s s a n c e ,  s t r e a m  g a u q i n g ,  
m e t e o r o l o g i c a l  and g e n e r a l  h y d r o g e o l o g i c a l  t e c h n i q u e s  and  d a t a  
management t o  e x t e n t  t h a t  he c a n  f u l l y  assume and  d i r e c t  ongo ing  
a c t i v i t i e s  a t  t i m e  West German t e c h n i c a l  a s s i s t a n c e  team's d e p a r t u r e .  

2.  A GROD d e s i g n a t e d  D j i b o u t i a n  w i l l  r e c e i v e  on- the-  
j o b  t r a i n i n g  ( O J T )  i n  c a t a l o g u i n g  and d a t a  management. 

3 .  A GROD-contractor d e s i g n a t e d  d e g r e e - t r a i n e d  
D j i b o u t i a n  s o i l  s c i e n t i s t  w i l l  r e c e i v e  "OJT" i n  s o i l  s a m p l i n g  and  
a n a l y s i s ,  mapping and r e p o r t i n g .  



f .  I d e n t i f i e d  t w o  c a n d i d a t e s  f o r  s p e c i a l i z e d  U .  S .  o r  
t h i r d  c o u n t r y  s h o r t - t e r m  t r a i n i n g  i n  a r e a s :  r e l a t e d  t o  s o i l  a n a l y s e s ,  
and  w a t e r  q u a l i t y  t e s t i n g .  

g .  Based upon p r o j e c t  so i l s  a n d  w a t e r  a c t i v i t i e s  and  o t h e r  
e x i s t i n g  d a t a :  

1. Developed  comprehens ive  so i l s  r e p o r t s .  
G e o g r a p h i c a l  a r e a s  s t u d i e d  by o t h e r  d o n o r s  and  t h e    on tractor/^^^ l a b  
p e r s o n n e l  w i l l  be a n a l y z e d  i n  t e r m s  o f  s o i l  d e p t h ,  s t r u c t u r e  
( s a l i n i t y ) ,  t e x t u r e ,  i n £  i l t r a t i o n  and  d r a i n a g e  w i t h  s u b s e q u e n t  
recommendat ions  r e g a r d i n g  v i a b i l i t y  o f  v a r i o u s  l a n d - u s e  o p t i o n s ,  i. e. , 
i n t e n s i v e  i r r i g a t e d  v s .  r u n - o f f  a g r i c u l t u r e  f o r  s e l e c t e d  c r o p s ,  
c r o p p i n g  p a t t e r n s ,  p a s t u r a g e  p o t e n t i a l .  Water  r e s o u r c e  component w i  11 
a d d r e s s  w a t e r  q u a l i t y ,  i. e . ,  c h e m i c a l  c o m p o s i t i o n  and  be s u p p o r t i v e  t o  
o t h e r  d o n o r ' s  e f f o r t s  t o  d e t e r m i n e  q u a t i t y  o f  g r o u n d - s u r f a c e  w a t e r  i n  
o r d e r  t o  d e v e l o p  recommendat ions  f o r  i t s  p o t e n t i a l  a p p l i c a t i o n  f o r  
human, a n i m a l  and  a g r i c u l t u r a l  u s e .  

2 .  T o  e x t e n t  d a t a  a v a i l a b l e ,  recommended i f  f u r t h e r  
i n v e s t m e n t  i n  t h i s  sector i s  w a r r a n t e d  b a s e d  upon p r o j e c t  f  i . nd ings ,  a s  
w e l l  a s  a d d r e s s  t h e  q u e s t i o n  o f  f u r t h e r  U.S.G. i n v e s t m e n t  v i s - a - v i s  
u p g r a d i n g  c a p a b i l i t i e s  w i t h i n  t h e  s o i l s  and  w a t e r  l a b o r a t o r y .  

PERSONNEL 

1. I n  o r d e r  t o  implement  t h e  above  t a s k s ,  t h e  c o n t r a c t o r  w i l l  
s u p p l y  t h e  f o l l o w i n g  long - t e rm r e s i d e n t  s e r v i c e s :  

Twenty-four  p e r s o n  months  o f  a n  e x p e r i e n c e d  BS d e g r e e - t r a i n e d  so i l s  
s c i e n t i s t .  I t  i s  e x p e c t e d  t h a t  t h i s  i n d i v i d u a l  w i l l  be r e s p o n s i b l e  
f o r  a t t a i n i n g  p r o j e c t  " s o i l s "  o b j e c t i v e s  s t a t e d  e a r l i e r .  

I n  summary h e  w i l l :  

- f a c i l i t a t e  e q u i p p i n g  so i l s  l a b o r a t o r y ,  u s i n g  p r o j e c t ,  GROD, 
a n d  o t h e r  d o n o r  f u n d s ;  

- d e v e l o p  i n i t i a l  a n n u a l  work p l a n  for  GROD-USAID a p p r o v a  1 
w i t h i n  o n e  rmn th  o f  f i n a l  a r r i v a l  a n d  s u b s e q u e n t  p l a n s  
w i t h i n  o n e  y e a r  t h e r e o f  and  o n e  month p r i o r  t o  h i s  
d e p a r t u r e ;  

- c o n d u c t  f i e l d  s u r v e y s  i n  f o l l o w i n g  o r d e r  o f  p r i o r i t y :  

a .  f a m i l y  u n i t  a n d  d e t a i l  s c a l e  (1: 1 0 , 0 0 0 )  s u r v e y s  o f  
e x i s t i n g  or p o t e n t i a l  g a r d e n  a r e a s  whe re  management, i r r i g a t i o n  
t e c h n i q u e s ,  r e c l a m a t i o n  p r o c e d u r e s ,  c r o p s  and  d r a i n a g e  h a v e  t o  be 
a d a p t e d  t o  s o i l  c o n d i t i o n s  a n d  w a t e r  q u a l i t y / a v a i l a b i l i t y .  A r e a s  by 
o r d e r  o f  p r i o r i t y  and  magn i tude  a r e  t e n t a t i v e l y  f i r s t  y e a r :  

- Moulud (100  h a )  
- Doudubbala  ( 1 0 0  h a )  
- F o r r a g e  Grand  B a r a  ( 2 0 0  h a )  



b .  i n  medium s c a l e  ( 1 : 5 0 , 0 0 0 )  s u r v e y s  o f  ma jo r  p l a i n s  a n d  
vALleys,  i n  o r d e r  t o  p l a n  f u r t h e r  deve lopment  o f  p o t e n t i a l  i r r i g a t i o n  
a r e a s .  A r e a s  by o r d e r  o f  p r i o r i t y  and  mapni tude  a r e  t e n t a t i v e l y  
s e c o n d  y e a r :  

- Gobaad 
- Han l e  
- Tad j o u r a h  

( 1 0 , 0 0 0  h a )  
( 5 ,000  h a )  
( 5 ,000  h a )  

c. d e v e l o p e d  p l a n  f o r  s m a l l - s c a l e  s u r v e y  ( 1 : 2 0 0 , 0 0 0 )  o f  
c o u n t r y ,  which would p r o v i d e  b a s i c  i n f o r m a t i o n  on  u p l a n d s  and  s t r a t i f y  
s o i l  e n v i r o n m e n t s  a c c o r d i n g  t o  t h e i r  p o t e n t i a l  f o r  g r a z i n g ,  c a r r y i n g  
c a p a c i t y ,  e tc .  

- p r e p a r e  r e p o r t s  on above  s u r v e y s  w i t h  accompanying l a n d -  
u s e  recommendat ions .  A l s o  i n c l u d e d  w i l l  b e  t h e  f o l l o w i n g  f i e l d  maps: 

a .  l a r g e - s c a l e  mapping o f  g a r d e n s  ( e x i s t i n a  o r  p o t e n t i a l )  
a t  s c a l e  less t h a n  1 : 1 0 , 0 0 0 .  Terminolody  s h o u l d  b e  i n  ag reemen t  w i t h  
USDA s y s t e m  a n d  w i l l  n e e d  t o  b e  a t  t h e  f a m i l y  l e v e l .  

b .  R e c o n n a i s s a n c e  mapping a t  1 :50 ,000  i n  v a l l e y s  and  
p l a i n s .  P h a s e s  o f  sub -g roup  w i l l  p r o b a b l y  b e  t h e  u n i t s  t o  b e  
r e c o g n i z e d  d u r i n g  mapping.  

c .  Deve lop ing  p l a n  f o r  e v e n t u a l  e x p l o r a t o r y  s u r v e y  o f  
whole  c o u n t r y  a t  1 :200 ,000 .  U n i t s  w i l l  b e  m o s t l y  n a t u r a l  r e g i o n s ,  i n  
which g r e a t  s o i l  g r o u p s  would b e  d e s c r i b e d .  

- d e v e l o p  l a n d - u s e  recommendat ions  v i s - a - v i s  above  a r e a s  
s u r v e y e d  r e l y i n g  p r i n c i p a l l y  upon: f i e l d  t e s t s  t o  d e t e r m i n e  
p e r m e a b i l i t y ,  i n f i l t r a t i o n  i n  a r e a s  where  i r r i g a t i o n  i s  p l a n n e d ,  I.ab 
a n a l y s e s  t o  d e t e r m i n e  t e x t u r e ,  pH, o r g a n i c  c a r b o n ,  e l e c t r i c  
c o n d u c t i v i t y ,  c a t i o n s ,  c a t i o n  exchange ,  w a t e r  a v a i l a b i l i t y ,  b u l k  
d e n s i t y ,  bo ron ;  

- a s  e a r l y  a s  p o s s i b l e ,  d e t e r m i n e  e x t e n t  t o  which  MOA s o i l s  
l a b  c a n  s a t i s f y  a b o v e  r e q u i r e m e n t s ,  a n d ,  w h e r e  d e t e r m i n e d  u n a b l e ,  t o  
d e v e l o p  s y s t e m / r e l a t i o n s h i p  f o r  a n l y s i s  o u t s i d e  D j i b o u t i 9 ;  

- p r o v i d e  "OJT" f o r  o n e  MOA d e g r e e - t r a i n e d  D j i h o u t i . a n  
p e d o l o g i s t  a s s i g n e d  a s  Director o f  R u r a l  E n g i n e e r i n s  S o i l s  s e c t i o n  and  
o n e  l a b  a s s i s t a n t  c h a r g e d  w i t h  l a b  a n a l y s e s ;  

- p r o v i d e  "OJT" t o  l a b  a s s i s t a n t  i n  so i l s  a n a l y s e s  a n d  
r e p o r t i n g ; '  

- g i v e n  e x t e n t  o r  p l a n n e d  s a t e l l i t e  or a e r i a l  p h o t o s  t o  
d e v e l o p  i n f o r m a t i o n  s u c h  t h a t  i t  w i l l  s e r v e  a s  b a s e l i n e /  "g round  t r u t h "  
d a t a ,  upon which  t i m e - l a p s e  a n a l y s i s  may u l t i m a t e l y  b e  d e v e l o p e d ;  

- b e  u l t i m a t e l y  r e s p o n s i b l e  f o r  e s t a b l i s h i n g  w i t h i n  
M O A / R U ~ ~ ~  ~ n g i n e e r i n g  S e r v i c e ,  a  t e c h n i c a l  l i b r a r y  and  u s e r  s e r v i c e ;  



- be t a s k e d  t o  c o o r d i n a t e  s o i l s  c o l l e c t i o n  a n a l y s e s  
a c t i v i t i e s  w i t h  o t h e r  d o n o r s  or p e r  GROD d e s i g n a t e d  p r i o r i t i e s  
wh icheve r  t a k e s  p r e c e d e n c e ;  

- as C h i e f  o f  P a r t y ,  be c h a r g e d  w i t h  i n f o r m i n g  GROD, MOA, 
and  USAID o n  q u a r t e r l y  p r o g r e s s  o f  p r o j e c t  a c t i v i t i e s  and h r i n g i n a  t o  
GROD-USAID a t t e n t i o n  any p r o b l e m s / s h o r t  f a l l s  e x p e c t e d  a s  r e s u l t  o f ,  
f o r  example,  i n s u f f i c i e n t  manpower, t r a i n i n g ,  commodi t i e s ,  donor  
c o o r d i n a t i o n ,  e t c .  

Moreover ,  w i l l  be r e s p o n s i b l e  f o r  c o o r d i n a t i n g  TDY v i s i t s  and 
s y n t h e s i z i n g  c o n t r a c t o r ' s  r e s u l t s .  I n  t h e  a b s e n c e  of h y d r o l o g i s t ,  h e  
w i l l  be e x p e c t e d  t o  p r o v i d e  g u i d a n c e  t o  water c h e m i s t .  Hence, i t  i s  
d e s i r a b l e  t o  f i l l  t h i s  p o s i t i o n  w i t h  someone who h a s  h a d  some w a t e r  
q u a l i t y  t e s t i n g  e x p e r i e n c e .  

2 .  S h o r t - t e r m  c o n t r a c t o r  s e r v i c e s  up  t o  e i g h t  ( 8 )  person-months  
w i l l  be r e q u i r e d .  

D. TIMING 

I t  i s  r e q u e s t e d  t h a t  t h e  c o n t r a c t o r ' s  d e s i g n a t e d  so i l s  s c i e n t i s t  
a n d  h y d r o l o g i s t  a r r i v e  i n  J u l y ,  1980.  Upon a r r i v a l  t h e  r e s i d e n t  team 
w i l l  u n d e r t a k e  g e n e r a l  f i e l d - a i r  r e c o n n a i s s a n c e :  d e v e l o p  d e t a i l e d  
a n n u a l  work p l a n  t o  be s u b m i t t e d  by  Augus t ,  1980 .  Given  t h a t  USAID 
i n t e n d s  t o  o r d e r  b u l k  o f  p r o j e c t  equipment  n o  l a t e r  t h a n  May, 1979,  it 
i s  r e a s o n a b l e  t o  assume t h a t  m a j o r i t y  o f  l a b  and  f i e l d  commodi t ies ,  
i n c l u d i n g  v e h i c l e  w i l l  b e o n s i t e b y  November, 1979 .  I t  w i l l  be 
e x p e c t e d  t h a t  r e s i d e n t  team w i l l  s pend  m a j o r i t y  o f  t i m e ,  September-  
O c t o b e r ,  1980 ,  i n  e q u i p p i n g  l a b o r a t o r y ,  and  f a m i l i a r i z i n g  i t s e l f  w i t h  
e x i s t i n g  material on  water and so i l s  i n  D j i b o u t i .  H y d r o l o g i s t  w i l l  
d e p a r t  i n  CY 1980.  

F o u r t h  q u a r t e r  o f  CY 1980 so i l s  s c i e n t i s t  w i l l  c o n t i n u e  t o  - -  
p r o v i d e  i n s t r u c t i o n  t o  d e s i g n a t e d  l a b  a s s i s t a n t ( ~ )  i n  w a t e r  q u a l i t y  
t e s t i n g  and  so i l s  l ab  a n a l y s e s .  

C o n t r a c t o r  w i l l  se t  i n  m o t i o n  e s t a b l i s h m e n t  o f  l i b r a r y ,  sys t em 
f o r  c a t a l o g u i n g  p a s t ,  p r e s e n t  and  f u t u r e  d a t a  and d e v e l o p i n g  " u s e r  
s e r v i c e . "  

F i r s t  q u a r t e r  o f  CY 1 9 8 1  w i l l  see so i l s  s c i e n t i s t  c o n t i n u e  lab 
"OJT" and b e g i n  f i e l d  a n a l y s i s  i n  major  p r i o r i t i z e d  a r e a s :  e. g . ,  
Moulud, Grand Bara .  

S e c o n d l t h i r d  q u a r t e r s  o f  - -  CY 1 9 8 1  w i l l  h a v e  s o i l  s c i e n t i s t  
c o n t i n u i n g  above  and t o  e x t e n t  f e a s i b l e  i n i t i a t i n g  l a r g e r - s c a l e  s u r v e y  
o f  p l a i n  s i tes  where  GROD, o t h e r  d o n o r s  a g r i c u l t u r a l  p r o j e c t s  a r e  
p l a n n e d ,  e. g . ,  Gobaad. Toward m i d d l e l e n d  CY s o i l  s c i e n t i s t  w i l l  
d e v e l o p  s e c o n d  a n n u a l  work p l a n ,  which  w i l l  i n c l u d e  a d d i t i o n a l  TDY 
a s s i s t a n c e  f o r e s e e n .  Dur i n g  t h i s  p e r i o d  r e m o t e  s e n s i n g  e x p e r t  w i  11 
a r r i v e  and  make recommendat ions  r e g a r d i n g  s a t e l l i t e l a e r i a l  r e c o n  
r e q u i r e m e n t s ,  and  h y d r o l o g i s t  w i l l  a r r i v e  f o r  t w o  months  TDY 
a s s i s t a n c e  i n  s u p p o r t  l a b  o p e r a t i o n s .  



Dur ing  f o u r t h  q u a r t e r  CY 1 9 8 1  a  j o i n t  USAID/AID/W a n n u a l  - -  
e v a l u a t i o n  w i l l  be u n d e r t a k e n .  P r i m a r y  p u r p o s e  o f  t h i s  e v a l u a t i o n  
w i l l  be t o  a s c e r t a i n  p r o j e c t  c o n t r a c t b r '  s p r o g r e s s  t o w a r d  m e e t i n g  
s p e c i f i e d  o b j e c t i v e s  and b a s e d  upon f i n d i n g s  t o  p o s s i b l y  recommend 
a d d i t i o n a l  fo l low-on  a c t i v i t y .  F u r t h e r m o r e ,  du r  i n g  t h i s  p e r  i o d ,  t h e  
h y d r o l o g i s t  w i l l  r e t u r n  t o  d o  fo l low-up  work i n  water q u a l i t y  t e s t i n q  
p r o c e d u r e s .  S o i l s  s c i e n t i s t  w i l l  h a v e  f i n a l i z e d  r e p o r t s  on  Moulud, 
Grand Bara areas. 

F i r s t  q u a r t e r  o f  CY 1982 w i l l  see s o i l s  s c i e n t i s t  f i n a l i z i n s  s o i l  -- 
r e p o r t s  b a s e d  upon fo l low-up  i n  g a r d e n s ,  p l a i n / m o u n t a i n  s t u d i e s  
u n d e r t a k e n  i n  Gobaad and i n i t i a t i n g  f u r t h e r  s t u d i e s  i n  p r i o r i t y  
p l a i n / m o u n t a i n  a r e a s ,  e . g . ,  Han le  and Tad j o u r a h .  

T h i s  q u a r t e r  w i l l  be d e v o t e d  t o  c o m p l e t i n g  f i e l d  work and 
d r a f t i n g  r e p o r t s  on  Han le ,  T a d j o u r a h  as  w e l l  a s  d e v e l o p i n g  p l a n  f o r  
n a t i o n a l  so i l s  s u r v e y .  

T h i r d  q u a r t e r  CY 1982 s o i l s  s c i e n t i s t  w i l l  d e p a r t .  -- 
I n  l a t e  1982,  s o i l  s c i e n t i s t  w i l l  r e t u r n  f o r  o n e  p e r s o n  month 

e a c h  t o  o b s e r v e  ongo ing  a c t i v i t i e s  u p d a t e  s t u d i e s / r e p o r t s .  To e x t e n t  
p o s s i b l e ,  USAID f i n a l  e v a l u a t i o n  w i l l  be conduc ted  c o n c u r r e n t  w i t h  h i s  
v i s i t .  F i n a l  r e p o r t s  w i l l  b e  s u b m i t t e d  t o  USAID, GROD and  A I D / W  n o  
l a t e r  t h a n  two and one -ha l f  ( 2 - 1 / 2 )  y e a r s  from t i m e  o f  c o n t r a c t  t e a m ' s  
a r r i v a l .  

The above r e p r e s e n t s  USAID e x p e c t e d  c o n t r a c t o r  s c e n a r i o  which ,  
however ,  i s  s u b j e c t  t o  amendment b a s e d  upon USAID a p p r o v a l / r e v i e w  o f  
c o n t r a c t o r  recommendat ions  a n d / o r  USAID/AID/W f o r m a l  e v a l u a t i o n .  

It s h o u l d  b e  n o t e d  t h e  t h e  c o n t r a c t o r  i s  e x p e c t e d  t o  . p r o v i d e  
c o n t i n u i n g  "OJT" t h r o u g h o u t  r e s i d e n t  t e n u r e  and s u b s e q u e n t  TDY 's . For 
t h a t  r e a s o n  the c o n t r a c t o r  w i l l  be e x p e c t e d  t o  p e r i o d i c a l l y  r e p o r t  o n  
c o u n t e r p a r t  and s t a f f t s  p r o g r e s s  t owards  g r a s p i n g  i n s t r u c t i o n / g u i d a n c e  
p r o v i d e d  and h e n c e  i n s t i t u t i o n a l i z a t i o n  o f  p r o j e c t  a c t i v i t i e s .  

I t  i s  hoped  t h a t  USAID w i l l  be a b l e  t o  i d e n t i f y  and  send  water 
c h e m i s t  f o r  t r a i n i n g  so t h a t  h e  w i l l  h a v e  r e t u r n e d  by  t i m e  r e s i d e n t  
t eam a r r i v e s .  To e x t e n t  USAID i s  u n a b l e  t o  f u l f i l l  t h i s  o b j e c t i v e ,  i t  
w i l l  b e  e x p e c t e d  t h a t  t h e  c o n t r a c t o r  d o  so. 

E. REPORTS 

~ i e  C o n t r a c t o r  s h a l l  submi t  t h e  f o l l o w i n g  r e p o r t s :  

1. Annual  Work P l a n .  

2 .  Q u a r t e r l y  p r o g r e s s  r e p o r t s  r e g a r d i n g  l ab  a c t i v i t i e s ,  o u t p u t s  
i n  s u p p o r t  i n s t i t u t i o n a l i z a t i o n .  

3 .  S p e c i f i c  a r e a  r e p o r t s  ( t o  be d e t e r m i n e d )  which  d i s c u s s  
o b j e c t i v e  o f  s t u d y ,  methods u s e d ,  r e s u l t s  and  



recommendat ion .  I n  c a s e  o f  s o i l s  work t h i s  s h o u l d  be 
accompanied  by  maps r e f e r r e d  t o  e a r l i e r .  

4. F i n a l  r e p o r t ,  s y n t h e s i z i n g  comprehens ive  so i l s  a n a l y s e s  and  
w a t e r  q u a l i t y  t e s t i n g  r e p o r t s  which  would c o v e r  a l l  a r e a s  
a d d r e s s e d  d u r i n g  l i f e  of p r o j e c t  and  p r o v i d e  p r e l i m i n a r y  
recommendat ions  r e g a r d i n g  f u t u r e  U .  S.G. A s s i s t a n c e  i n  t h i s  
a r e a .  

A l l  reports, i n c l u d i n g  a n n u a l  work p l a n s ,  s h a l l  be i n  F r e n c h  and  
E n g l i s h .  The C o n t r a c t o r  i s  r e q u i r e d  t o  s u b m i t  q u a r t e r l y  r e p o r t s  a s  
w e l l  a s  e n d - o f - p r o j e c t  report t o  t h e  USAID Director and t o  t h e  
M i n i s t e r  o f  A g r i c u l t u r e .  The r e p o r t s  t o  t h e  fo rmer  must  be i n  F r e n c h  
( 3  c o p i e s )  and  E n g l i s h  ( 3  c o p i e s ) :  t h e  r e p o r t s  t o  t h e  l a t t e r  i n  F r e n c h  
o n l y  ( 3  c o p i e s ) .  I n  a d d i t i o n ,  t e n  ( 1 0 )  c o p i e s  i n  E n g l i s h  o f  t h e  end- 
o f - p r o j e c t  r e p o r t  s h o u l d  be s e n t  t o  t h e  D j i b o u t i  P r o j e c t  O f f i c e r ,  
AFR, DR/EAP, Depar tment  o f  S t a t e ,  Washing ton ,  D. C.  20523. 

F.  ADMINISTRATIVE & OTHER DONOR COORDINATION ( C o n t r a c t o r  Working --  
R e l a t i o n s h i p s  ) 

I t  i s  u n d e r s t o o d  t h a t  GROD p r e s e n t l y  p e r c e i v e s  t h e  R u r a l  
E n g i n e e r i n g  S e r v i c e  w i t h i n  MOA a s  t h e  i n s t i t u t i o n  r e s p o n s i b l e  f o r  
s u r v e y i n g ,  a n a l y z i n g  D j i b o u t i ' s  s o i l / w a t e r  p o t e n t i a l  and  recommending 
p r e f e r a b l e  l a n d - u s e  o p t i o n s ,  a s  w e l l  a s  p r o v i d i n g  f o r  u t i l i z a t i o n  o f  
w a t e r  i n  r u r a l  w a t e r s .  

1. I n  s u p p o r t  o f  t h e  above o b j e c t i v e s ,  t h e  R u r a l  E n g i n e e r i n g  
S e r v i c e  i s  o r g a n i z e d  i n t o  t h e  f o l l o w i n g  s e c t i o n s  under  t h e  
p r e s e n t  C h i e f  o f  S e r v i c e ,  Mr. Mohamed Wabari :  

b. M a i n t e n a n c e  - c h a r g e d  t o  p r o v i d e  s u p p o r t  a n d  m a i n t e n a n c e  
t o  a l l  f a c e t s  o f  s e r v i c e s  o p e r a t i o n .  

c .  P u b l i c  ~ o r k s / ~ r i l l i n g  - c h a r g e d  to :  

1) Develop  i d e n t i f i e d  w a t e r  s o u r c e s  i n  r u r a l  a r e a s  f o r  
A g r i c u l t u r  e/human u s e ,  i .e . ,  w a t e r  p o i n t s ,  b a r r a g e s ,  
e t c .  

2 )  P r o v i d e  t e s t  d r i l l i n g  u s i n g  S a u d i - A r a b i a n  w e l l  r i g s  
( 2 )  i n  o r d e r  t o  i d e n t i f y  p o s s i b l e  s o u r c e s .  

d .  R e s e a r c h  compr ised :  

1) Water  a n a l y s e s - c h a r g e d  to :  

a )  u n d e r t a k e  w e l l - l o g g i n g ,  w e l l  n e t  m o n i t o r i n g  t o  
d e t e r m i n e  q u a n t i t y  o f  g r o u n d w a t e r ,  

b )  ( p r o v i s i o n a l )  d o  s t r e a m  ( w a d i )  g a u g i n g  t o  
d e t e r m i n e  r u n - o f f  f o r  p u r p o s e s  i d e n t i f y i n g  
s u r f a c e  w a t e r  p o t e n t i a l ,  



c )  u s e  i n d i g e n o u s  l a b  f a c i l i t y  f o r  t e s t i n g  q u a l i t y  
o f  w a t e r  f o r  h u r n a n / a g r i c u l t u r a l  u s e  and 
f u r n i s h i n g  t e c h n i c a l  r e p o r t s  c o n c e r n i n q  r e s u l t s ,  

d  ) d e v e l o p  comprehens ive  p l a n ,  s y n t h e s i z e  above  f o r  
making s p e c i f i c  recommendat ions  f o r  w a t e r  
p o t e n t i a l / u s a g e .  

2 )  S o i l s  ana lyses -Charges :  

a )  u n d e r t a k e  f i e l d  a n a l y s i s ,  d e v e l o p  c l a s s i f i c a t i o n  
sys t em and maps i n  o r d e r  t o  d e t e r m i n e  
a g r i c u l t u r a l  p o t e n t i a l  f o r  i r r i g a t e d  v s .  r u n - o f f  
a g r i c u l t u r e ,  

b )  d e v e l o p  l a b  i n t o  u n i t  c a p a b l e  o f  i n d e p e n d e n t l y  
c o n d u c t i n g  n e c e s s a r y  so i l s  t y p e  a n a l y s i s  and 
f u r n i s h i n g  t e c h n i c a l  r e p o r t s  o n  a n a l y s e s ,  

c )  d e v e l o p  comprehens ive  p l a n  f o r  e f  f e c t i n s  
a n a l y s e s  i n  p o t e n t i a l  a g r i c u l t u r a l  a r e a ,  i .e., 
p l a i n s ,  m o u n t a i n s  and n a t i o n a l  i n  t h a t  o r d e r  o f  
p r i o r i t y ,  

3 )  L i b r a r y - c h a r g e d  w i t h  c o m p i l i n g ,  c o l l a t i n g  d a t a  
r e p o r t s ,  maps, p h o t o s ,  a l l  m a t e r i a l  p roduced  
s u p p o r t i v e  t o  Rur a1 E n g i n e e r i n g  S e r v i c e .  

2.  A t  p r e s e n t  GROD s t a f f i n g  r e q u i r e m e n t s  r e m a i n  t o  be f u r t h e r  
d e f i n e d  w i t h  r e s p e c t  t o  t h e  S o i l s  and  Water s e c t i o n :  however ,  it i s  
t e n t a t i v e l y  p l anned  t h a t  t h e  Water s e c t i o n  w i l l  h a v e  a t  i t s  head  a  
d e g r  ee-tr a i n e d  h y d r o g e o l o g i s t  a s s i s t e d  by a w a t e r  c h e m i s t  i n  t h e  
l a b o r a t o r y ,  who w i l l  m o s t  p r o b a b l y  d o u b l e  a s  t h e  soi ls  l a b  a n a l y s t .  
I t  i s  e x p e c t e d  t h a t  w i t h i n  a  y e a r  an  a d d i t i o n a l  h y d r o l o q i s t  p o s i t i o n  
w i l l  be added .  The s o i l s  s e c t i o n  w i l l  h ave  a t  i t s  h e a d  a d e g r e e -  
t r a i n e d  p e d o l o g i s t ,  s p e c i a l i z i n g  i n  a r i d / s a l i n e  s o i l s  and a s s i s t e d  by 
o n e  l a b  a s s i s t a n t  ( see  p r e c e d i n g  s e n t e n c e ) .  A l i b r a r y  w i l l  be s t a f f e d  
b y  a c l e r k  who w i l l  r e c e i v e  s u b s e q u e n t  t r a i n i n g  i n  c a t a l o g u i n g  and 
w i l l  h a v e  a  s e c r e t a r y  who w i l l  s u p p o r t  soils and  w a t e r  and l i b r a r y  
s e c t i o n  t a s k s .  A l l  s e c t i o n s  w i l l  b e  housed  i n  a new l a b o r a t o r y / o f f i c e  
complex,  which i n c l u d e s  150  c u b i e  meters o f  f l o o r  s p a c e ,  c h e m i s t r y  
b e n c h e s ,  w i t h  a c c e s s  t o  d i s t i l l e d  and t a p  w a t e r  and a s t a b l e  
e l ec t r i ca l  power s o u r c e ,  f o u r  s i n k s  and  a  w a l l  bench  w i t h  c a b i n e t s  f o r  
t h e  s t o r a g e  o f  g l a s s w a r e  and s u p p l i e s .  O the r  f a c i l i t i e s  w i  11 i n c l u d e  
three o f f i c e ,  a  s ample  p r e p a r a t i o n  room, a s u p p l y  and s t o r a g e  and  a n  
i n s t r u m e n t  room. E s t i m a t e d  c o m p l e t i o n  d a t e  i s  November 1979.  

3 .  Other  donor  a s s i s t a n c e  w i l l  be s u p p o r t i v e  i n  t h e  f o l l o w i n g  
manner : 

a .  F rench  t e c h n i c a l  a s s i s t a n c e  i n  h y d r  a u l  i c s - g e n e r  a 1  
e n g i n e e r i n g  ( 2  p e r s o n s )  w i l l  be e x p e c t e d  t o  a s s i s t  
P u b l i c  Works s e c t i o n  i n  c a r r y i n g  o u t  i t s  o b j e c t i v e s  and 
s p e c i f i c a l l y  p r o v i d e  o p e r a t i o n a l  s u p p o r t  f o r  r i g s ,  "OJT" 



and  s p e c i a l  t r a i n i n g  t o  s e l e c t e d  d r i l l  crews. 
A s s i s t a n c e  e x p e c t e d  b e f o r e  end  CY 1979 .  

b. West German t e c h n i c a l  a s s i s t a n c e  ( 2-year  p r o j e c t  
b e g i n n i n g  i n  CY 1979  p r o v i d i n g  48 f u l l - t i m e  p e r s o n  
months  o f  h y d r o g e o l o g i s t  and t e c h n i c i a n )  who w i  11 
d e v e l o p  p l a n  f o r  i n t e n s i v e  h y d r o l o g i c a l  s u r v e y  o f  
D j i b o u t i .  A t t a c h e d  t o  t h e w a t e r  s e c t i o n ,  t h e y  w i l l  
i n i t i a l l y  be e x p e c t e d  t o  d o  w e l l - l o g g i n g  and s t r e a m  
g a u g i n g ;  t o  d e t e r m i n e  w a t e r  q u a n t i t y  v i a  pump t e s t i n a ,  
g a u g i n g  s t a t i c ,  dynamic  c h a r g e  i n  a l r e a d y  upon p r i o r i t y  
a r e a s ,  e . g . ,  Grand Ba ra ,  Gobaad, Han le  and  T a d j o u r a h .  
They w i l l  p r o v i d e  TDY a s s i s t a n c e  t o  a s s i t  i n  i d e n t i f y i n q  
p r o s p e c t i v e  s i t es  f o r  P u b l i c  Works S e c t i o n  t e s t  
d r i l l i n g .  They w i l l  e s t a b l i s h  w e l l  n e t s  t o  d e t e r m i n e  
a q u i f e r  volume p r e c i s e  l o c a t i o n s  and  a s  p a r t  o f  a l l  
above  "OJT" t o  s e c t i o n  c h i e f  h y d r o g e o l o g i s t ,  p r o v i s i o n a l  
h y d r o l o g i s t  a n d  t o  d r i l l  c r e w s  i n  l o q g i n g  p r o c e d u r e s .  
They w i l l  p r o v i d e  f i e l d  s a m p l e s  t o  t h e  w a t e r  l a b  chemist 
w h o  w i l l  be e x p e c t e d  t o  t e s t  i t s  q u a l i t y .  Based upon 
f i e l d  and  l a b  r e s u l t s ,  t h e  h y d r o g e o l o g i s t  w i l l  p r e p a r e  
r e p o r t s  w i t h  r ecommendat ions .  

c. F r e n c h  e x p e r t i s e  ( n a t u r e  u n d e f i n e d )  w i l l  be p r o v i d e d  t o  
t h e  C h i e f  o f  S e r v i c e .  I t  i s  e x p e c t e d  t h a t  a s s i s t a n c e  i n  
a d m i n i s t r a t i o n  and l a n d - u s e  s c i e n c e  w i l l  be p r o v i d e d  
f u l l - t i m e  b e g i n n i n g  i n  l a t e  1979 .  The l a n d - u s e  
s c i e n t i s t  w i l l  be p r i n c i p a l l y  c h a r g e d  w i t h  s y n t h e s i z i n g  
r e s u l t s  from w a t e r  (West German a s s i s t e d )  a n d  s o i l s  (U. 
S .  a s s i s t e d )  s e c t i o n s  i n  t e r m s  o f  a g r i c u l t u r a l  p o t e n t i a l  
o f  a r e a s  j o i n t l y  s t u d i e d ,  and  d e v e l o p i n g ,  i n  
c o o r d i n a t i o n  w i t h  t h o s e  s e c t i o n s  a n d  t h e i r  a d v i s o r s ,  a  
N a t i o n a l  R e s o u r c e  i n v e n t o r y  p l a n  f o r  s u b s e a u e n t  
imp1 e m e n t a t i o n .  

4. A s  p r e v i o u s l y  s t a t e d  and f u r t h e r  d e t a i l e d  i n  o r g a n i g r a m  t h e  
c o n t r a c t o r  w i l l  be r e s p o n s i b l e  f o r :  

a .  d e v e l o p i n g  t h e  l a b o r a t o r i e s  o f  t h e  w a t e r / s o i l s  s e c t i o n s ;  

b. p r o v i d i n g  o p e r a t i o n a l  and  a d v i s o r y  s u p p o r t  t o  t h e  so i l s  
s e c t i o n  i n  to to;  

c. c o n f i n e  a c t i v i t i e s  i n  w a t e r  s e c t i o n  t o  t r a i n i n g  w a t e r  
q u a l i t y  chemist;  

d .  d e v e l o p i n g  l i b r a r y  and  t r a i n i n g  l i b r a r i a n .  

5. Given t h a t  t h e  c o n t r a c t o r  w i  11 work a c r o s s  o r g a n i z a t i o n a l  
l i n e s  h e  w i l l  be e x p e c t e d  t o  report  t o  t h e  C h i e f  o f  S e r v i c e  o n l y ,  b u t  
a l s o  c o o r d i n a t e  f i e l d  t a s k s  c l o s e l y  w i t h  head  o f  West German 
h y d r o l o g i c a l  a s s i s t a n c e  team ( E n g l i s h  s p e a k i n g ) .  



ARTICLE I1 - KEY PERSONNEL 

A .  The k e y  p e r s o n n e l  w h i c h  the  c o n t r a c t o r  s h a l l  f u r n i s h  for t he  
p e r f o r m a n c e  of t h i s  c o n t r a c t  a r e  as f o l l o w s :  

Key P e r s o n n e l  - D r .  Joseph Goebel-- So i l s  S c i e n t i s t  

B .  The p e r s o n n e l  s p e c i f i e d  a b o v e  are c o n s i d e r e d  t o  be e s s e n t i a l  
t o  t h e  work  b e i n g  performed h e r e u n d e r .  P r i o r  t o  d i v e r t i n g  a n y  of t h e  
s p e c i f i e d  i n d i v i d u a l s  t o  other p r o g r a m s ,  t he  C o n t r a c t o r  s h a l l  n o t i f y  
t h e  C o n t r a c t i n g  O f f i c e r  r e a s o n a b l y  i n  a d v a n c e  a n d  s h a l l  s u b m i t  
j u s t i f i c a t i o n  ( i n c l u d i n g  p r o p o s e d  s u b s t i t u t i o n s )  i n  s u f f i c i e n t  d e t a i l  
t o  permit e v a l u a t i o n  of t he  i m p a c t  o n  t h e  p r o g r a m .  N o  d i v e r s i o n  s h a l l  
be made b y  t h e  C o n t r a c t o r  w i t h o u t  t h e  w r i t t e n  c o n s e n t  o f  t h e  
C o n t r a c t i n g  Off icer  ; p r o v i d e d ,  t h a t  the  C o n t r a c t i n g  O f f i c e r  may r a t i f y  
i n  w r i t i n g  s u c h  d i v e r s i o n  a n d  s u c h  r a t i f i c a t i o n  s h a l l  c o n s t i t u t e  the  
c o n s e n t  of t he  C o n t r a c t i n g  O f f i c e r  r e q u i r e d  b y  t h i s  c l a u s e .  T h e  
l i s t i n g  of k e y  p e r s o n n e l  may, w i t h  t h e  c o n s e n t  of t h e  c o n t r a c t i n s  
parties,  be amended  f r o m  t i m e  t o  t i m e  d u r i n g  t h e  c o u r s e  of t h e  
c o n t r a c t  t o  ei ther add or d e l e t e  p e r s o n n e l ,  as  appropriate .  

ARTICLE I11 - LEVEL OF EFFORT - 
T h e  C o n t r a c t o r  s h a l l  f u r n i s h  t he  f o l l o w i n g  t e c h n i c i a n s  o v e r  a t w o - y e a r  
period f o r  t h e  d u r a t i o n  l i s t ed  b e l o w  i n  p e r f o r m a n c e  of t h e  w o r k  u n d e r  
t h i s  c o n t r a c t :  

Number Special ized F i e l d  Dur a t  i o n  

1 So i l s  S c i e n t i s t  2 4  p e r  s o n - m o n t h s  

I n  a d d i t i o n ,  4 p e r s o n - m o n t h s  of home o f f i c e  p r o f e s s i o n a l  s e r v i c e s  w i l l  
be f u r n i s h e d .  

A R T I C L E  I V  - P E R I O D  O F  CONTRACT - 
T h e  e f f e c t i v e  date of t h i s  c o n t r a c t  i s  J u n e  24 ,  1 9 8 0 ,  a n d  t h e  
c o m p l e t i o n  da te  i s  September 3 0 ,  1 9 8 2 .  

ARTICLE V  - ESTIMATED COST AND FIXED FEE -- - 
T h e  t o t a l  estimated cost of t h i s  c o n t r a c t  e x c l u s i v e  of f i x e d  fee i s  
$ 3 0 6 , 3 3 8 . 0 0 .  The f i x e d  fee i s  . 



ARTICLE V I I  - LOGISTIC SUPPORT TO CONTRACTOR - 

1. ~ ~ A ~ D / D j i b o u t i  w i l l  f u r n i s h  t h e  C o n t r a c t o r  the  f o l l o w i n a  
l o g i s t i c  s u p p o r t :  

a .  H o u s i n g  a n d  u t i l i t i e s  

b .  F u r n i t u r e  

c .  H o u s e h o l d  e q u i p m e n t  ( i . e . ,  s t o v e ,  r e f r i g e r a t o r ,  e tc .  ) 

d. T r a n s p o r t a t i o n  w i t h i n  D j i b o u t i  

2 .  T h e  c o o p e r a t i n g  c o u n t r y  w i l l  f u r n i s h  t he  C o n t r a c t o r  the  
f o l l o w i n g  l o g i s t i c  s u p p o r t :  

a. O f f i c e  s p a c e  

b. O f f i c i a l  v e h i c l e ( s )  

3 .  ~ ~ A ~ D / ~ r n b a s s y  w i l l  a s s i s t  t he  C o n t r a c t o r  i n  c l e a r i n g  d u t y -  
f r e e  e f f e c t s  a n d  c o n s u m m a b l e s .  

4. The C o n t r a c t o r  s h a l l  a r r a n g e  for t he  f o l l o w i n g  l o g i s t i c  
s u p p o r t  u s i n g  c o n t r a c t  f u n d s  : 

T r a n s p o r t a t i o n  t o  a n d  f r o m  c o u n t r y  

S h i p m e n t  o f  h o u s e h o l d  e f f e c t s  ( n o t  t o  e x c e e d  2 , 5 0 0  l b s )  
fo r  l o n g - t e r m  t e c h n i c i a n  b y  c o m b i n a t i o n  sur f a c e / a i r  
f r o m  t e c h n i c i a n ' s  U. S .  r e s i d e n c e  t o  D j i b o u t i  a n d  
r e t u r n .  

S h i p m e n t  b y  s u r f a c e  of consurnmab les  n o t  t o  e x c e e d  1 , 5 0 0  
lbs .  n e t .  

S h i p m e n t  t o  p o s t  a n d  r e t u r n  o f  p r i . v a t e l y - o w n e d  v e h i c l e  
( P O V )  for l o n g - t e r m  t e c h n i c i a n .  

O t h e r  s h i p p i n g  a l l o w a n c e s  as  appl icable .  

Vehicle o p e r a t i o n  a n d  m a i n t e n a n c e .  

L a b o r e r s  ( a p p r o x i m a t e l y  f o u r  ) for  s o i l  s u r v e y .  

L a n g u a g e  t r a i n i n g  for so i l s  chemist ( u p  t o  5  w e e k s )  
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THE LAW ESTABLISHING THE SOILS AND WATER -- 

ANALYSIS LABORATORY 

The f o l l o w i n g  document was p r e p a r e d  f o r  t h e  P r e s i d e n t  of t h e  
R e p u b l i c  of  D j i b o u t i  and t h e  N a t i o n a l  Congress  t o  e s t a b l i s h  t h e  
autonomy of  t h e  Labora to ry  of A n a l y s i s  of  S o i l  and Water from 
Genie  R u r a l  t o  o p e r a t e  d i r e c t l y  under  t h e  M i n i s t r y  of A g r i c u l t u r e  
a n d  R u r a l  Development. 

I t  e s t a b l i s h e s  i t s  e x i s t e n c e ,  p e r s o n n e l  p o s i t i o n s ,  a u t h o r i t y  
and budget .  I n  J a n u a r y  1983,  fund ing  s h o u l d  b e g i n  f o r  t h e  
l a b o r a t o r y  based on t h i s  document. 



R E P U R L I Q U E  DE D J l B O U f l  

UNITE - EGkLlTE - P A l X  

PORTAtiT c r 6 a t  i on  d 'un  Labora to  i r e  

d ' l i n a l y s e  des SOLS e t  des EAUX. 

L'ASSEMBLEE NAT I ONALE k ADOPTE 

LE PRESIDENT DE Lh REPUBLIQUE PROhIJLGUE 

LA LO1 DONT LA TENEUR SUIT : 

VU l e s  l e i s  c o n s t i t u t i o n n e l l e s  n o s  LRJ77-001 c t  77-002 du 27 J u i n  197 

VU I 'Ordonnance no LR/77-008 en d a t e  du 30 J u i n  1977, 

VU l e  D k c r e t  no 8'-07GIPR du 7 J u i l l e t  198% p o r t a n t  n o m i n a t i o n  des 

membres du Gouvernernent, 

V U  I f A c c o r d  s i g n 6  c n t r c  l a  RBpub l ique do DJIUOUTI e t  les EThTS-UNIS 

d f h m 6 r i q u e  en d a t e  du 1 4  A v r i l  1979, 

VU I ' A v i s  de I 'hgence des E t a t s - U n i s  pour l e  D6veloppernent I n t e r n a -  

t i o n a l ,  

ARTICLE l e r  : - I I  e s t  c r b h  un L a b o r a t i i r e  d 'hna lyse  des S o l s  

e t  des Eaux au s e i  n du h!i  n i  s t i i r e  de I 'AGRICULTURE e t  du DQveloppe- 

ment Rura l .  

ARTICLE 2 : - I I  c o n s t i t u e  I 'embryon du  f u t u r  c e n t r e  des recherches  

agronomiques du  M i n i s t 6 r e  de I ' k ~ i c u l t u r e  e t  du Dhveloppernent 

Rura I .  

ARTICLE 3 : - I I  a p o u r  a t t r i b u t i o n s  : l a  p ros f i ec t i on ,  I ' i n v e n -  

t a i r e ,  l a  reche rche  e t  l o  c a r t o g r a p h i e  des s o l s  e t  I ' a n a l y s e  des 

s o l s  e t  des eaux. I I  a s s u r e  I ' e t u d e  de t ous  l e s  probl8mes 

t e c h n i q u e s  d 6 ~ 0 u l a n t  de ces  a t t r i b u t i o n s ,  p roc&de 3 13 p repara-  

%03 



= / -  En p a r t i c u l i e r  i l  e s t  char96 : 

1. Des 4 tudes  de p 4 d o l o g i e  g6n6ra le ,  

2. Des 4 tudes  e t  des r e c h e r h e s  des r e s s o u r c e s  kdephiques,  

3. De I ' Q t a b l i s s e m e n t  des programmes annue'1.s e t  p l u r i e n n u e l  

dle6tudes d k t a  i l l 5 e s  des s i t e s  B v o c ~ t ~ o  l e, 

4.. Dcs Ctudes s p 6 c i f i q u e s  c o n c e r n s n t  I 'usage des  s o l s ,  

5. Du c o n t r d l e  de I ' Q v o l u t i o n  do  l a  q u a l i t 6  des  s o l s  e t  des 

caux des pu  i t s  e t  des f o r a g e s ,  

6. De l ' a n a l y s e  des  c o n s t i t u a n t s  ch im iques  des eaux 

s o u t e r r a i n e s  e t  de s u r t a c e  p o u r  l e s  b e s o i n s  humains, 

des animaux, i n d u s t r i e l s  e t  u r b a i n s ,  

7. DE  I ' a n a l y s e  des 6 l6men ts  nut.r. l i?t i fs e t  a u t r e s  c o n s t i -  

t u a n t s  min8raux  e t  ch im iques  i m p o r t e n t s  B l a  c r o i s s a n c e  

des p l a n t e s ,  

8. De 1 '8 tude descompoktement de l a  p l a n t e  e n  f o n c t i o n  des 

q u a l i t k s  des eaux e t  des s o l s ,  

9. De I ' t 5 I a b o r a t i o n  be t o u t e s  l e s  c a r t c s  des b a s s i n s  

ve rsan ts ,  des pentes ,  de l a  c l  i r n a t a l o j i e ,  d e s * ~  

a I ' c5che l lc  a p p r o p r i 6 e  e t  l e s  c a r t e s  d ' o c k u p a t i o n  

dcs  s o l s  ; 

10. De I ' i n t o r p r 6 t a t i o n  de chaque s o l  e t  & c h a n t i l l o n  d 'eau  

e t  de l c u r s  usages f u t u r s  ( a g r i c o l e s ,  i n d u s t r i e l s ,  

u r b a i n s  . . . I  ; 

11. De 1 ' 6 v a l u a t i o n  des r e s s o u r c e s  en s o l s  de t o u t e  l a  

Rkpub l i que dt? D j i b o u t  i ; 

12. De I ' a s s i s t a n c e  t e c h n i q u e  n b c e s s a i r e  B l a  v u l g a r i s a t i o n  

des t e c h n i c  i ens a g r  i co  l es ; 

13. De l a  l u t t e  c o n t r e  I ' C r o s i o n  

14. De l a  d b t e r m i n a t i o n  des s i t e s  menacbs p a r  l a  d b s e r t i f i -  

c a t i o n  e t  des moyens de l u t t e  ; 

1 5 .  3u s u i v i  des p o p u l a t i o n s  p h y t o s o c i o l o g i q u e s  ; 

16. D ' a p p o r t e r  son conours  t e c h n i q u e  e t  a c t i f  : 

- au s e r v i c e  de I ' h g r i c u l t u r e  e t  des F o r p e t s  dans l e  

cadre  des p o l i t i q u e s  de c o n s e r v a t i o n  des s o l s  e t  du 

c h o i x  des t y p e s  e t  doses d ' i r r i g a t i o n  a u s s i  b i e n  

que dans l e s  enquetes  euprbs  des J a r d i n g  a d m i n i s t r a t i f  



- au S e r v ~ c e  de I ' t l e v a g e  e t  des Peches en ce 

qu i  concerne l ' a s s i s t a n c e  techn ique  5 l a  g e s t i o n  

des ~ S t u r a g e s ,  des zones 5 m e t t r e  en dhfense ; 

- au Se rv i ce  du GQnie Rura l  dans l e  cadre  de 

I ' h y d r a u l i q u e  p a s t o r a l e  e t  des ana lyses des eaux ; 

- a l ' l n s t i t u t  Supkr ieu r  d'Etudes e t  des Recherches 

S c i e n t i f i q u e s  e t  Techniques pour l e s  ana lyses de 

ses k c h a n t i l l o n s  d'eau e t  de s o l  ; 

- au S e r v i c e  d'Hygi8ne e t  d 'Ep id6mio log ie ,  a l a  

D i r e c t i o n  des Travaux Pub l i c s ,  3 l a  R6gie des Eaux 

aux a g r i c u l t e u r s  p r i v k s  e t  B t o u s  l e s  p r o p r i 6 t a i r e :  

f a n c i e r s  qu i  en f o n t  l a  demande. 

A R T I C L E  4. :- I I  d ispose  d'une b i b l i o t h q u e  techn ique  e t  d'une 

c o l l e c t i o n  d ' a r t i c l e s  techn iques  su r  l e s  ressources n a t u r e l l e s  

du Pays. 

.I 

ARTICLE 5 : - Le l a b o r a t o i r e  e s t  p l a c 6  sous l a  t u t e l l e  du M i n i s t r e  

de I ' A g r i c u l t u r e  e t  du D6veloppement Rura l  e t  e s t  d i r i g 6  p a r  

un inggn ieur  agrop6dologue a s s i s t 6  de personnel  a d m i n i s t r a t i f  

e t  techn ique  dans l a  l i m i t e  de ses i n s c r i p t i o n s  budgd ta i r es .  

A R T I C L E  5 :- Le personnel  ==It r 6 g i  par  l e  .STATUT de l a  Fonc t i on  

Pub l ique e t  l e s  t e x t e s  subs6qcents  pour son a p p l i c a t i o n  ou par  

l e  code du t r a v a i l .  

ARTICLE 7 : - I1 e s t  c r Q 6  au t i t r e  du l a b o r a t o i r e  dans l e  Budget 

N a t i c n a l  3 l a  r u b r i q u e  Min.isk&ee de I ' A g r i c u l t u r e  e t  du 

D6veloppement Rura l  ene l i g n e  i n t i t u l d i e  "Budget de f onc t i onne -  

ment du L a b o r a t o i r e  d ' kna lyse  des S O I S  e t  des Eaux". 



./. . 
/ tRT ICLE 8 : - Pour l a  r e a l i s a t i o n  de c e s  tsches ,  i l  d i s p o s e  - 

do s c s  p r o p r e s  c r k d i t s  dans l e  c a d r e  du  3udget  N a t i o n a l  a i n s i  

que l e s  subven t ions  h v e n t u e l l e s  e t  l e s  dons o c t r o y 6 s  p a r  

I e s  Pays amis.  

A R T I C L E  9 : - . , c o n t r i 3 l e s  des ddpenses s o n t  soumis au k i n i s t 6 r e  

d6S Finances e t  de I 'Econon ie  N a t i o n a l e .  

rtRTICLE 10 : - Le L a b o r a t o i r e  f a c t u r e  I c s  s e r v i c e s  q u ' i l  r e n d  

aux a u t r e s  6 t a b l i s s e n i e n t s  gouvcrnementaux d i s p o s a n t  d 'un  

budget  de f o n c t i o n n e n e n t ,  aux agences p r i v 6 e s  e t  aux organismes 

6 t r a n g c r s .  I I  6 t a b l i t  d c s  t a r i f s  p r 6 f 6 r e n t i e l s  aux a g r i c u l t e u r s  

n a t i o n a u x .  La f i x a t i o n  des t a r i f s  des p r e s t a t i o n s  se ra  a r r c t k e  

u l t 6 r i e u r e m e n t  en Conse i l  des M i n i s t r e s .  

ARTICLE 11.: - Le recouvrement  des r e c e t t e s  s e r a  assu r4  p a r  l e  

T r k s o r i t r  F,ayeur N a t i o n a l  s u r  p r E s e n t a t i o n  do q u i t t e n c e  d g l i -  

v r d e  p a r  l e  c o n p t a b l e  e t  i n s c r i t  B l a  S e c t i o n  R e c e t t e s  du 

L a b o r a t o i r e  d 'Xna lyse  des S o l s  e t  des Eaux du 3udget  N a t i o n a l .  

ARTICLE 12 .  : - La l a b o r a t o i r e  d f A n a l y s e  des S o l s  e t  des Eaux 

e s t  organ3 s&.,an deux s e c t  i ons : 

- une s e c t i o n  a d m i n i s t r a t i v e  e t  comptab le  ; 

- une s e c t i o n  t e c h n i q u e  r e l e v a n t  d i r e c t e m e n t  du  

Chef du L a b o r a t o i r e .  

A R T I C L E  1 3  : - Le M i n i s t 6 r e  de I ' A g r i c u l t u r e  e t  du Ddveloppement 

R u r a l  e t  l e  M i n i s t 8 r e  des F inances  e t  de I 'Economie N a t i o n a l e  

s o n t  charges  d c  I ' o p p l i c a t i o n  de  l a  p r 6 s e n t e  L O 1  q u i  se ra  

p u b l i 4 e  au Jou rna l  O f f i c i e l  de l a  Rhpub l i que  de  DJlt30UT'I, 

dBs sa p r o m u l g a t i o n .  

F h l T  DJIBOUTI, le 29 A V R I L  1982. 

Par l e  P r b s i d e n t  de l a  Rhpub l i que  

HkSSkN GOULED APT l DON 
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Liminaire: 

L. Laboratoire dtAnalyse des Sols et des Eaux dont la l ~ i  portant creation 

fut promul~mke le 29 avril 1982 est nO A la suite de l'accord amCricano-djiboutien 

du 14 avri. 1979 et est entrC en Ponction en juillet 1980.11 se propose d'entre~rm- 

dre tous ?I:, *rdvaux d1enqu"eeSde description et ?e cartogra~hie du -5lie~ en 

gCn6ral. 

Se; rscnts passent le tiers de leur temps sur le terrain. 

Le contrat prendra Pin en juillet 1982 et 11 appartfent au gouvernement de la 

Republique de Djibouti de prevoir d'ores et d6jA la releve sur le plan technique aussi 

bien que sur le plan administratif. 

Cornme moyens de dCplacement,le laboratoire dispo,se cl'une Land Rover Station 

wagon(l 0 place3)et d * m e  Daihatsu ~ e e p  (6 places) qui Ponctionnent toutes les 6.eux 

A l'essence urdimire et constituent par consCquent de vrais gouffres A essenceoh 

Land Rover qui a parcouru toute la brousse neccssite de plus en plus d'entretien et 

nous prevoyon.; 1 ' 6  jA une T~yota Land Cruiser h Chassis court (~iese~) .Come tous les site. 

ne sont pas Lt~.k-~ssiblessn~us faisons appel parfois dux services ee l":&licoptere c!e 

PC ur avancer regllierenent et assez \ ite en description des sols, en analyses 

et par con! equent en cart ~graphie~autre le per ionnel techruque,il disposers de 6eeux 

manoeuvres permanents qui assureront le travai 1 de fon~age des ?rofils pt5dologtq~e.s. 

Ntus desirons sup les cr&its des depenses commur.es nols abonner aux 

pvb1icatior.s de la "Natiol" et du Journal Officiel Natio~l de la Rspublique de 

DL ;. bouti . 

.lo Postes existants 

11 existe at-tuellement le ponte d9ing&nieur agronorrc(indice 1250)et 

ce I A ~  de canducteur dt:s travaux agricoles(indice 700).Ces deux postes appartiennent 

er. ore au :,ervice de l*Agl.iculture et des .?or?ts dont les titulaires sont dCtachCs 

et portent respectiva lent les n~unfiros sui vltnts: 28 et 16. 
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1.2. Creation ? 'e l  ploi 

Le 1 ~ i l  matoire  entreprend des trdv.:l~x de recherche e t  doit obligatoi- 

rement disposer d'u personnel qualifiC pour donner des recommandations fructueuses 

basees sur des resu t a t s  precis e t  Piables.Ainsi pour qu ' i l  y a i t  une Some division 

du t r ava i1 , i l  faudri creer l e s  emplois suivants: 

- 1 po > t e  de che' de l a  section administrative e t  coata5~?(inciice 9 5 ~ )  

- 1 poe:te de teclmicien de laborac-oire(indice 850)?.1i assurera l a  

bolule condui ie des analyses E t l e  contrsle du ~ a ? s r i e l ,  

- 2 por t e s  de laborantins hautement qual i f ies  (!% ' -e 7 ~ 0 ) q u i  assureron- 

l e  t r ava i l  quotidien du l a b r a t o i r e ,  

- 1 po:,te de secretdire cornptable(indice 700) qui sera chargee esalemm- 

de l a  bi ~liothPque, 

- 1 por t e  de chauffeur m6canicien(catbgorie 3 ~ )  q72i ~ s c ~ r e - a  l 'entret ie?  

du parc 1ut0 ,lobile e t  l a  concluite en brousse, 

- 1 emllloi d :. f i l l e  de _~al le (ca t&nor ie  1 ~ )  qui gardntira l a  propretk 

de,; loca~rx er l e  la. age jurrn klier des ver-eriez,  

- 2 emplois ie gLirdiens:catCgorie 1 ~ )  qui s 'ocn~peront de l a  s & ~ u r i ? ~  

de tout Le 1,iborato i re ,  

- 2 emplois le minoeuvros (catCgorie ? A )  qui creuseront l e s  profi ls  

pedologj ques , 
- 1 emploi c e pl.aton(c i teaorie  1 ~ )  qui assurera l a  l:zison avec les  

autres i tablissemen :s publics e t  prives 

1.3. Frais de deplacement 

Plus haut rulus avons vu que l e  personnel clu laboratoire s'occu?era en 

grande par t ie  de l a  descrjption e t  de l a  cartographie du milie1 mnal.11 jouera 

Cgalement l e  r a l e  d'interr.16diaire entre  l e  service de l'A~ricrult11-.e e t  des ~ o r t t s  

e t  l e s  agriculteurs.C'est pourquoi il es t  demand6 un credi t  fo r fa i t a f r e  c',e 5C)C 000 F'!l 

j u s t i f i e  entr 'autres par l a  demande des services de l 'helicopter: .  

1.4. Heures supplhcntair  != 

( ~ o i r  l e  Tableau c i  . joint)  .~onformt?~ xit A ce tableau, i l  e s t  6.mdnde 307 c"5  -PD 

pour couvrir l e s  heures sl pplhentaires.Pour ce qui e s t  du chef du l a k r a t o i r e  il 

e s t  demand6 une indenmite le  responsabilitl. de 350 points dfindice(45 250 D) I1 

e s t  demand6 un sursa la i r t  le 10 000 F'D aux .rardiens qui assureront Is. surveillance e t  

l a  s6curitC du laborstoir  24 heures sw 24 A tour de r8le. 
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2.1. V e n t i l a t i ~ ~ n  

2.1 -1. Paragraphe 1. F urnitures de bureau e t  entretien r'es loc ,ux-. - 
Le laboratoire u t i l i s e  trop de papiers e t  de f i l l s  ~;pCciaux.h les 

pr: x exhorbitants de ce materie1,il es t  demand6 un credi t  de 5G Q C 3 D .  

Bien que ' e  Stiment so i t  neuf ;e t o i t  e t  l e  plafond laissent passer 

l 'eau s ' l l  ~ l e u t  beaucoup.Egalement l a  paillasse des sa l les  no 3 e t  10 nCcessite des 

trilvaux dc r6fection.k rlontant to t a l  de ces travaux jus t i f i e  par les  d w i s  ci-inclui 

s9&l&ve  A 1 362 227 FD. 

Rinsi pour ce paragraphe il es t  demand6 un c r e i t  c?e 1 862 227 ."D 

2.1.2. Pard.ir.;lphe 'i TClCphone 
1 

I1 ( : s t  demand6 m trait de 500 000 FD fistifit! l ' ins ta l la t ion  de  

l a  nouvelle liqne 1 bl6phonique e t  llaccl.oissement des prix dcs c~inm~unicationr e t  

l e s  nombreux contacts avec l e s  6tablisr.ment.s scientifiques t?trdr,c,.ers. 

2.1.3, Par cgrdphe L : Habillem~nt 

Le personnel du laboratoire doit  porter obligatoirerent des blouses 

blanches pour Cviter tout contact avec l es rkact i fs  chimiques.Et A raison d'une 
u 

blouse par personne e t  par trimestre,on a besoin de vingt '..uit blcuses d ~ ?  11anx6e 

( 5  techniciens + 1 f i l l e  de sa l l e  + 1 secretdire). 

Le chauffeur mecanicieil e t  l e s  gardiens doivent avoir 6 tenues 

kdki,Ainsi il es t  demand6 un era: t de 78 400 FD justific5 par l e  devis  ci-joint. 

2.1.4. Paragraphe 5: Moyens de transport 

Etarit donne que nous devons nous dCplacer sans cesse pour avoir l e  

maxirmun c! ', .nseignement sur nos ' sols,disposant de deux vChicules(~?r.' Rover Station 

Wagon e t  1 Jeep ~ a i h a t s u )  e t  ayant demand6 7 Jeep Toyota chdssic r x . r t , i l  es t  

s o l l i c i t e  un crCdit de 500 000 FD.Nous demandons 15 600 l i t r e s  c?'essence ordinaire 

e t  6 Om l i t r e s  de gas-oil  come indiqu6 par l e  tableau ci-inclus. 

2.1.5. Paragraphe 6: MatCriel e t  Mobilier non renouvelables 

k laboratoire &ant l e  nouveau n6 de nos services,en dehors du 

m a t h i e l  en surplus fourni par 1 9 U S A I D , i l  nkcessite: 

- 5 chaises e t  fauteui ls  

- 5 bureaux R 150X 75 2 coffres 

- 2 tabourets 

- 3 armoires mCtalliques F'H 100 avec 4 Ctag&res 
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- 1 machi .., A Ccrire 6lectrique A D U R  46 cn 

- 1 machine A calculer Adler 120 P 

- 1 photocopieuse RR 5080 

- 1 duplicateur RR 750 

Ainci il es t  demand6 w, crCdit de 2 253 500 .?D ;us t i f i6  par l a  facture 

proforma ci-inclus e t  130 000 FD pour l 'achat au planton d 'me  mobylette Yamaha 

Tassola,soit 2 333 500 FD ju: t i f i e  6galwner. ,3ar l a  fact71re ci-jointe. 

2.1.6. Paragraph : 7 : Achat c es react i f  s ,ch21! .* ques 

C.: paragraphe e t  l e s  suivants sont specifiques au 1abratoire . les  

r e a c t i f s  chimiqu:~ constituert  l a  colonne vertCbrale du 1aboratoire.L'm~Ce derniere 

1'USAID a pu corm lander des produits dont l e  montant s'eleve A 25 000 3 rJSA.Aussi, 

vu l ' i n f l a t ion  A laquelle i l s  sont sownis,il e s t  demand6 un crCdit fo r fa l t a i r e  de 

un million ~ l e  f r  ~ncs  ~ j i b u t i ( 1  000 000 FD). \ 

2.1.7. Pa:.agrap' 3 8 : Acquisition des verrer ies  e t  appareils usue's e t  entret ien 

du mat6ric:l - 
Le laboratoire e s t  Cqui ! d ' tn  %a te r i e l  moderne ef cher dont une 

par t ie  pel.~t s '  vCrer inut i l i sab le  ou d .passt du bout d'un an de fonctionnement. 

La pCdolo!rie C ant une jeune cience c t i  re1 it de plus en p! is e'audlences e t  de 

performanc:es,o a s s i s t e  acme Llement ; un bc tm du mat& '.el dc nt: ? i ~ e t t e s ,  tar ih-es ,  

cylindres grad 6s, appiireils portatif  s t e l s  c le pHmetres, termo, ~&tres,clysim&tres. .. 
Donc pour que notre t 2  h e  a i l . l e  de pair avec l e s  nouveaut6s scienti- 

f iques , i l  e s t  o l l i c i t 6  un cr6dit  forfa;tair,e de un million dc f-ancs D j l b u t i  

(1 000 000 FD) . 

2.1 -8. Paragra #he 9: lcquisition des l ivres  e t  des revues scientifiques 

Un 1ab)ratoire  efficace doit  &re au courant dt>s p-ogr6s realisCs 

dans son domai le.C9es-: pourquoi ,il esl indispensable de s'abo! J. :r A ?',usieurs 

periodiques sc .entific[ues &rangers e .  acheter tous l e s  ans l c  s ouvrlges interessant 

qui paraissent.,Pour cc:la,il e s t  sol l ic5t6 un cr6dit  fo r fa i t a i r e  cle 2110 000 FD. 
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S ~ r v i c e  z h b ~ r a t o i r z  dl;+lyse des Sols e t  des Edux -- - Exerc icc  1583 

.9. Ces deux pos t e s  appar t iennent  encore  a u  Se rv i ce  d e  l l A g r i c u l t u r r  et d e s  For?ts dont  les t i t u l a i r e s  C ta i en t  i n i t i a l e r r e n t  

dCtachks e t  il y a l i e u  de prockder A l e u r  t r a n s f e r t .  

BESTAVAILABLE COPY 



Service a h b o r a t o i r e  dlAnalyse d e s  Sols e t  d e s  Eaux 

TABLEAU NJ 1 B i s  - -- 
FO-.I;L'~OLTJAIRES ( C r F ~ t i c n  d8E5!ploi ) 

Exercice 1963 
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Service : Lt tora to i re  dg&iv:.tlyr;c: des Sols e t  3cs Eaux --- - Exercice 1983 

TAIII.E.4lJ No 2 5 5  ---...-- .- - . -- 
Per-.,unnels Rclevarit de 1-1 Convert ion Co1lectj.v~ du 28 Ju in  1973 

.;r ( C E < L . ~ L , \ ~  D'DLFLCI) 



SPY-,-ice : Llhoratoire dlAncllyse d e s  S o l s  e t  des Eaux --- Exercice 1983 
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Service : Labra to i re  d ' h l y s e  des Sols e t  des E a l u  --- Exercice 1983 

D&pense; LC? Fonct icrmen:ent ( K;',I ti R I E L  ) 

. P ' .  

; U'jTLTE: E ~ e r c i c e  en Propositions JUSTIFICll'rf ONS 

Finances - 

i t u re  de frrmea~ix e t  Le laboratoire es t  un service 

: rct ien des locaiuc qui u t i l i s e  trop de papiers e t  
de films spSciaux.La proprctk des 
locaux contribue B l a  f i ab i l i tC  
des rCsu1 ta t s .k~  verrer ies  sont 
entretenues par de l'eau d i s t i l -  

TClCphone 

1 

organismes scientifiques Ctran- 
gers e t  l'augmentation des prix 

boratoire doj + n c ) n f e r  ' - ' - 7  

ses pour kviter tout contact 
avec l e s  r 6 a c t i f s . k ~  gardiens 
e t  l e s  manoeuvres e t  l e s  mka- 
niciens doivent avoir des bleus 
P F ~  trl-;;ileC=:i ? s t  j~rc.t i  P i  6 

gar l a  facture proforma ci-inc 

Ces vChicules du laboratoire 
sont tout l e  temps en tournke 

IndemnitCs kilomCtriques en brousse e t  demandent des 
r&~:sions e t  un entretien conti- 

BEST AVAILABLE COPY nus,Parfois nous faisons appel 
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Ser-vice t Laboratoire d8Analyse des Sols et des Eaux Exercice 1983 ,- 
i,/ 

/ 
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:ZNC LP!IQRE 

- - 

-- 

latkriel et mobi lier 

nr n renouvelable 

, 

TOTAL 

Exercice en 
cows 

.- - 
I t 

JUSTIFICATIONS 

- -- 

aux servic-4 de lq,l4licopt&re de 
18Arm5e Nationale pour les sites 
inaccessibles par Land-Rover.C8est 
pourquoi nous demandou ce mont ant. 

Comme le laboratoire est un nouveau 
service il doit &re &quip& en 
bureaux,amoires,machine h 6crire et 

- h  calculer,en photocopieuse,m 
duplicateur,en chaice:..la facture 
profoma ci-jointe justifie ce 
montant .A cela il faudra ajouter 
130 000 F.D. pour l'achat d'w 
cyclomoteur au planton(voir facture 
proforma ci-jointe) 

- .r 

Prdyositions 

-. 

- 

2 253 500 
+ 130 000 - - 
2 383 500 

3 961 900 

-- 

RCservS h la Direction 
des finances 

-. -- 

- 



Service : hboratoire d'Analyse des S o l s  et des Eaux 
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Service : Lab4~ratoire d ' h l y s e  des Sols et dea Eaux --- 

TABLEAU X0 9 -. 

R.avaux d'entretien e t  R&paraticJi.; des ~3 t imen t s  

t s  Travaux (Just i f icat ions)  

paillasses e s t  ma1 pose e t  la moitie des 
carreaux stenl&vent ou s e  cassent sous l e  
poids des apparei 1 s . k ~  apparei 1s  devant 
reposer sur une pai l lasse bien horizontale 
p ~ u r  avoir des r s s u l t a t s  f iables  nous 
demandons l a  r6fection de toutes l e s  pail--t 
lasses dont l e  montant jus t i f ig  par l e  
devis ci-joint s '&l&ve A 735 777 F.D. 

--- -- -- ---. 

Reserv6 A l a  Direct ion des Finances 

> i t s  e t  Plafond 
8 

2 s  4 sa l l e s  5u 

aboratoire 

Les t o i t s  e t  l e s  plafonds laissent passer 
l'eau lorsqu ' i l  p l a t  en presence de vent. 
,ious avons constat6 ceci Lor.= cles for tes  
pluies de mars dernier qui ont endommag6 
une part ie  des car tes  que nous avons 
ClaborCes.Pour mettre l e  materiel A l 'abri  
des inte-r.?&ies il nrjus e s t  urgent 
d'entreprendre l e s  travaux de refection 
l e  plus t6t possib1e.k montant e s t  
justifit5 par l e  devis ci-inclus. 



Sel-".ice : I abora to i re  dlAnalyse d e s  Sols  e t  des  Eaux Exercice 1383 

TABLEAU No 11 A --- 

ACOUTSITIONS DE MAiiffIELS 

BEST AVAILABLE COPY 
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.a 

Jezp Toyota 
land Cruiser  
Chas &our t 
Diese l  

Toyota Corolla  
' DX 

PUI S SABCE 

TOTA 1. 

PRIX AFFECTATION R ou S 

-- --. --Ap-- 

2 550 ucru Tournees en brousse 
prospect i o n  pedoicr S 

. gique . 
1 470 000 Services en ~ r i  1 1  P 

4 020 000 

I 

RCserve l a  S i r e c t i o n  
des Finances 

---- 



Service : Laboratoire drAnalyse des Sols et des Eaux Exercice 1983 
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1 do;dndC Nonb~-e -7 coat 
I 

50- 000 FD 

9517 no0 FD 

- 
civim+tre portat i f  WTW LF 

senschaf t l i c h  Techni sche . . 
,- a L L c  L) 812n UP; 1!--::3 

avec 
lectrode LFB 101/8 

-- 

--.. ,r - =ries  dont f io l e s ,  tubes, 
reusets,ballons,calcim&tre 
ernard, thermom&tres, Erlenmeyer, 
Ychner,et pe t i t  matkriel dont 
wonsm&tre,agit~~~eurs,papier 
iltGe, papier Joseph, pipettes, 
essicateurs... 

1 

1 

1 000 000 FD 

I 

P 

Just i f icat ions 

-- 
~ e t  appareil  portatif  rks is te  
beau-oup aux chocs,il es t  simple 
d0rd.e des rCsirltdts prkcis sur l a  
qualit6 de l'eau.11 es t  durable. 

Cette somme es t  arr?tCe d'une 
maniere un peu arb i t ra i re  car  l a  
plupart de ces mathriels sont 
tres f ragi les  e t  deviennent hors 
d'usage avec l e  temps ou se 
cassent facilement.En plus de ~ a ,  
de nouveaux materiels plus 
simples e t  plus f iables  
paraissent tous l e s  ans. 

rL . 

-- - 

R&serv& A la  Direction 
des Finances 



Servtce t Laboratoire dVAn;ilyse des Sols e t  des Eai~x 

TARIEAU No 12 --- - 

VMICULES EN SE;I1;ICE 
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-- 

':alcgique 
J ni s t ra t i f  

1138 B 

1146 B 

-- 

ETAT 

- -  

Assez Bon 

Bon 

---- ---- 

Rkservg A l a  Direction 
des Finances 

--- 

, 
M A R W E  

Land-Rover 

Jeep Daihatsu 

-- 
I 

AFFECTATION 

Travail de 
terrain 

Consei l l e r  
Technique 

---.- 

PUISSmCE 
FISCALE 

- 

b 

X2.S  DIACiiAT 

1980 



Service  : Laboratoire  dlAnalyse d e s  So l s  e t  d e s  Eaux Exercice 1983 

-. - 

ie la  Revue, Journa l  ,Document 

-.. 

? t i n  FA0 d l x r r i g a t i o n  et d e  
-alnage 

th iers  0.R.S.T-nJ4. SCrie  PedoZogie 

hie'rs 0.R.S.T.O.M. S k i e  Hydrologie 

ironomi e Tropic* 

BESTAVAILABLE COPY 
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Adresse d e  l lEdi te l r s  

Publ . icat ions d e  l a  FA0 
V i a  De l l e  Terme D i  Caracala  
nh?nn * Rnrne. Tta l ie .  

Ed i t ions  d e  1'ORSTOM 

70 -74 Route dlAulnay 

93 140 Bondy - France. 

Ed i t ions  d e  l1ORST0M 

70 -74 Route dlAulnay 

93 140 Bondy - France. 

I n s t i t u t  d e  Recherches Agronomi- 

ques  Tropica les  e t  d e  Cul tures  

VivriGres. 

110, Rue d e  l lUni . ; -crs i t6  

75 340 P a r i s  - Fra~_ce. 

TOTAL 

Montant 
Annu e l  

6 000 

6 000 

25 000 

R ~ S C ~ ~ G C  A l a  Direc t ion  des  
Finances 

-~ 

'30% 
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APPENDIX C-1 

Q u a r t e r l y  Progress  Reports 

To : Ellsworth Amundson, U S A I D / D ~ ~ ~ O U ~ ~  

Fr om : Joseph E. Goebel, RDA 

Subject :  Progress Report, Dj ibout i  ~ o i l s / ~ a t e r  P ro jec t  
J u l y  1980 - January 1981 (Cont rac t  C-1673) 

Date: January 20, 1981 

This  i s  t h e  f i r s t  progress  r e p o r t  fo r  t h e  S o i l s  and Water 
Laboratory p r o j e c t  i n  Dj ibout i ,  Afr ica ,  and covers t h e  per iod of J u l y  
2 2 ,  1980 t o  January 22, 1981. Subsequent r e p o r t s  w i l l  be prepared on 
a  q u a r t e r l y  b a s i s .  

Work Or ig ina l ly  Scheduled fo r  t h e  F i r s t  Two Q u a r t e r s  ---- 
I t  was a n t i c i p a t e d  t h a t ,  i n  t h e  f i r s t  qua r t e r ,  t h e  p r o j e c t  would 

s t a r t  with t h e  a r r i v a l  of t h e  senior  t echn ica l  advisor .  Plans were t o  
be  drawn t o  complete t h e  cons t ruc t ion  of t h e  labora tory  f a c i l i t i e s .  
The equipment, which had a l ready a r r i v e d ,  was t o  be  inventor ied .  
Chemicals, ma te r i a l s ,  f i e l d  equipment, and remote sensing imagery were 
t o  be se l ec ted  and ordered through t h e  se rv ices  of USAID o r  RDA a s  
appropr ia te .  Construct ion was t o  be  completed i n  September. 
Mater ia ls  were t o  be loca ted  and ordered for  the  l i b r a r y .  F ie ld  
reconnaissance of t h e  s o i l s  and a g r i c u l t u r a l  resources  of Dj ibout i  was 
t o  be made t o  p lace  t h e  p r o j e c t  i n t o  perspec t ive .  

During t h e  second q u a r t e r ,  t r a i n i n g  was t o  begin i n  s o i l  
d e s c r i p t i o n  and c l a s s i f i c a t i o n  i f  t he  labora tory  f a c i l i t i e s  were not  
ccmpleted. An "Annual Work Plan" was t o  be prepared. Training was t o  
be  given i n  s o i l  cartography v i a  prepara t ion  of a  s lope  map and a 
watershed map. A prel iminary s o i l s  map was t o  be prepared and a  
random s o i l  sample drawn t o  e s t a b l i s h  a  da ta  base t o  permit eva lua t ion  
of t h e  a g r i c u l t u r  a1 r e sources  and t o  a s s i s t  i n  monitoring land-use 
change. 

I I .  Work Accomplished 

A l ' l  of t h e  o b j e c t i v e s  were e f f e c t i v e l y  met with t h e  except ion of 
completion of t h e  labora tory  f a c i l i t i e s .  The senior  t e c h n i c a l  
advisor ,  Joseph Goebel, was mobilized t o  Dj ibout i  on Ju ly  14, 1980, 
wi th in  two weeks of t h e  company r e c e i p t  of con t rac t  and n o t i f i c a t i o n  
t o  proceed. 

On a r r i v a l  , a  D j i bou t i an  degr ee- t r  ained pedologi s t ,  Mr . Aboubaker 
Douale, was presented t o  t h e  p r o j e c t  TDY from t h e  Agr icu l tura l  
Service.  He i s  a  capable  and wel l - t ra ined young man. 



The f i r s t  t a s k  was t o  p repa re  an inventory of t h e  equipment which 
had a l ready  a r r ived  some months e a r l i e r .  Following t h i s ,  d e t a i l e d  
p l ans  fo r  t h e  l abora to ry  f a c i l i t i e s  layout  were prepared.  These 
p l ans  were used t o  plan t h e  work, purchase m a t e r i a l s  and c o n t r a c t  
t e c h n i c a l  s e r v i c e s .  

Next, a  l i s t  was prepared of chemicals,  m a t e r i a l s ,  f i e l d  
equipment and remote sensing imagery needed t o  achieve t h e  p r o j e c t ' s  
o b j e c t i v e s .  Some l i b r a r y  m a t e r i a l s  were a l s o  r equ i red .  Between RDA 
and ~ 1 D / D j i b o u t i ,  a l l  of t h e  o rde r s  were placed by November. No 
ccmmodities or  ma te r i a l s  have ye t  a r r i v e d .  P a r t  of t h i s  de lay  i s  due 
t o  t h e  na tu re  of much of t h e  commodities and m a t e r i a l s .  Chemicals 
def ined  a s  "hazardous" m u s t  be  shipped s e a  f r e i g h t ,  which i s  
cons iderably  slower than a i r  shipment. 

I n  November, it was determined t h a t  a  second small ,  four-wheel- 
d r i v e  veh ic l e  was necessary t o  c o m ~ l e t e  t h e  o b j e c t i v e s  of t h e  p r o j e c t .  
I t s  purchase has  been approved, bu t  t h e  veh ic l e  i s  no t  y e t  i n  s e r v i c e .  
I t  was a l s o  decided t h a t  f i lm  p o s i t i v e  co lor  s e p a r a t e s  of t h e  twelve 
s h e e t s  of t h e  1:100,000 s e r i e s  topographic  maps should be  purchased t o  
assur  e  accur a t e  map cons t ruc t ion  and loca t ion  of mapped f ea tu r  e s .  
This purchase has been approved, bu t  t h e  maps have not  been rece ived .  

I n  September, t h e  l abora to ry  a s s i s t a n t ,  Farah Omar, was assigned 
t o  t h e  p r o j e c t  TDY from t h e  Agr i cu l tu ra l  Se rv ice  without a  permanent 
appointment. He i s  eager and capable  of l ea rn ing  t h e  labora tory  
procedures ,  but  he  w i l l  need superv is ion  i n  cases  of unusual 
occurrences  and demands. 

I n  October, t h i s  three-man team made a  reconnaissance of t h e  
country by veh ic l e  and a i r .  This  was p a r t i c u l a r l y  usefu l  i n  p u t t i n g  
t h e  s o i l  and  agricultural resources  i n t o  perspec t ive .  I t  a l s o  
c l a r i f i e d  t h e  l o g i s t i c s  of f i e l d  ope ra t ions .  

S o i l s  t r a i n i n g  was i n i t i a t e d  i n  t h e  second q u a r t e r .  Most of t h i s  
t r a i n i n g  time was spent  i n  desc r ib ing  and c l a s s i f y i n g  s o i l s  t o  
f a m i l i a r i z e  t h e  team with s o i l  cond i t ions  i n  Dj ibout i  and how t h e s e  
s o i l s  occur i n  t h e i r  n a t u r a l  environment. Both men responded well  t o  
t r a i n i n g .  They work we11 toge ther  a s  a  team and should we11 
understand t h e  d e s c r i p t i o n  and c l a s s i f i c a t i o n  of s o i l s  by t h e  end of 
t h e  p r o j e c t .  F i f t e e n  s o i l  s e r i e s  were recognized during t h e  t r a i n i n u .  
These d e s c r i p t i o n s  w i l l  be used i n  t r a i n i n g  for  s o i l  analyses .  The 
r e s u l t s  of t hese  ana lyses  w i l l  e s t a b l i s h  t h e  background chemistry of 
t h e  s o i l s  i n  Dj ibout i .  

Next, t r a i n i n g  was given i n  car tography.  M r .  Douale was taught  
t o  make s lope  maps which a r e  e s s e n t i a l  i n  land-use planning.  Slopes  
a r e  a l s o  an important s o i l  c h a r a c t e r i s t i c .  Mr. Omar was taught  t o  
make watershed maps. These a r e  necessary t o  determine t h e  s u r f a c e  
water p o t e n t i a l  and w i l l  be  used i n  conjunct ion  with t h e  s o i l s  maps 
and t h e  s lope  map t o  determine t h e  a r e a s  of combined s o i l  and water 
p o t e n t i a l  for a g r i c u l t u r e .  



The senior  advisor ,  D r .  Goebel, drew a  random sample of 1,000 
p l o t s ,  each a  square kilometer i n  s i z e ,  t o  be used i n  n a t u r a l  resource 
assessment and land-use monitoring. The s o i l  survey w i l l  sample and 
t e s t  t h e s e  s i t e s  while cha rac te r i z ing  and c l a s s i f y i n g  t h e  s o i l s  of 
Dj ibout i .  The d a t a  base w i l l  then be used t o  s t a t i s t i c a l l y  t e s t  t h e  
n a t u r a l  resource  production a s  des i red  i n  t h e  fu ture .  

111. Modifications i n  t h e  Plan and Their  Consequences ---- 

The most outs tanding "modification" i n  t h e  plan was t h a t  t h e  
l abora to ry  f a c i l i t i e s  were not  completed i n  September. They a r e  now 
projec ted  t o  be completed i n  March, 1981. A s  a  consequence, 
p r i o r i t i e s  have been res t ruc tu red  and e f f o r t  r e d i r e c t e d  from 
labora tory  t r a i n i n g  t o  s o i l  survey t r a i n i n g .  This should produce 
b e t t e r  background information for  both t h e  labora tory  and t h e  
personnel.  

A s  noted e a r l i e r ,  i t  was decided i n  November t h a t  a  second four- 
wheel-dr i v e  veh ic le  was necessary t o  complete t h e  o b j e c t i v e s  of t h e  
p r o j e c t .  This vehic le  w i l l  allow t h e  labora tory  and f i e l d  work t o  
cont inue a s  planned and w i l l  a l s o  f a c i l i t a t e  serv ic ing  t h e  labora tory  
c l i e n t e l e .  

S imi la r ly ,  i t  was decided t h a t  t h e  f i lm p o s i t i v e  color  separa tes  
o f  t h e  twelve shee t s  of t h e  1:100,000 topographic map s e r i e s  should be 
purchased. When they a r r i v e ,  t h e s e  maps w i  11 f a c i l i t a t e  accurate  
production and reproduct ion of s o i l s  maps and other  a u x i l i a r y  maps. 

I V .  Obstacles - t o  Reaching Object ives  

I t  i s  now an t i c ipa ted  t h a t  t h e  laboratory f a c i l i t i e s  w i l l  be 
completely i n s t a l l e d  i n  March. I f  a l l  cons t ruc t ion  has not been 
completed by then, t h e  work plan w i l l  d e f i n i t e l y  be a l t e r e d .  One 
month i s  required for  s e t t i n g  up t h e  equipment a f t e r  t h e  labora tory  i s  
cornpl e t ed  . I t  i s  imperative t h a t  maps, equipment, chemicals and 
imagery be h e r e  by Apr i l .  A t  p resent ,  t h e r e  a r e  not enough of any of 
t h e s e  t o  do an adequate job for  any of t h e  p r o j e c t  ob jec t ives ,  with 
t h e  exception of t r a i n i n g  i n  s o i l  survey. 

The labora tory  personnel have been rece iv ing  mixed d i r e c t i v e s  
concerning t h e  adminis t ra t ive  pos i t ion  of t h e  labora tory  between the  
Minis try of Agricul ture  and Rural Engineering Service.  Their TDY 
s t a t u s  ' leaves doubt a s  t o  whom they work for  or r e p o r t  t o .  What i s  
more, M r .  Omar was assigned t o  t h e  labora tory  i n  September, but did 
not r ece ive  h i s  job appointment or  s a l a r y  u n t i l  January 15. 
Understandably, t h i s  a f fec ted  h i s  a b i l i t y  t o  concent ra te  on t r a i n i n g .  
TDY assignment leaves t h e  men without t h e  a u t h o r i t y  or  r e s p o n s i b i l i t y  
t o  achieve t h e  p ro jec t  ob jec t ives .  The p ro jec t  would b e n e f i t  from a  
c l e a r  statement on t h e  i s sue  of TDY s t a t u s .  The labora tory  can 
funct ion  e f f e c t i v e l y  e i t h e r  a s  a  department i n  t h e  Rural Engineering 
Service  or  a s  a  s e r v i c e  d i r e c t l y  under t h e  Ministry of Agricul ture .  
Because t h e  labora tory  w i l l  s e r v i c e  many agencies and indiv iduals ,  it  
may be more e f f e c t i v e  d i r e c t l y  under t h e  Ministry of Agricul ture .  



T h e  l a b o r a t o r y  a s s i s t a n t  h a s  r e c e i v e d  n e i t h e r  s h o r t - t e r m  n o r  
formal t r a i n i n g  i n  l a b o r a t o r y  p r o c e d u r e s  a n d  t e c h n i q u e s  f o r  e i ther  
s o i l  or w a t e r  a n l y s i s .  H e  w i l l  r e c e i v e  o n - t h e -  job t r a i n i n g  s u f f i c i e n t  
t o  p e r f o r m  r o u t i n e  a n a l y s e s .  A f t e r  t h i s  p r o j e c t ,  h e  w i l l  n e e d  some 
f u r t h e r  .work  a n d  t r a i n i n g  i n  a l o n g - e s t a b l i s h e d  l a b o r a t o r y .  

W o r k i n g  w i t h o u t  e q u i p m e n t  or materials h a s  b e e n  d i f f i c u l t .  
Work ing  w i t h o u t  o f f i c e  s p a c e  a n d  i n  t h e  m i d d l e  of c o n s t r u c t i o n  f o r  s i x  
m o n t h s  h a s  made it almost i m p o s s i b l e  t o  m a i n t a i n  a s e n s e  of o r d e r  a n d  
a c h i e v e m e n t ,  e s p e c i a l l y  i n  a project  w h e r e  t h e r e  a re  h i g h  demands  o n  
e x p e r t i s e ,  q u a l i t y  a n d  s p e e d .  



QUARTERLY REPORT 

To : Ellsworth Amundson, USAID/DJIBOUTI Date: April  25, 1981 

Fr om : D r .  Joseph Goebel, Project  Manager, RDA 

Subject:  Quar ter ly  Report, Djibouti ~ o i l / ~ a t e r  Project  

This i s  t he  second progress repor t  and it  covers t he  period of January 
23, 1981 t o  April 25,, 1981. 

I .  - Work Original ly Scheduled for t h e  Third Quar ter  -- 
Thir ty  s o i l s  were t o  be described during t h i s  period. This data 

would provide basel ine  information for the  country ' s  s o i l s  and would 
allow grouping the  s o i l s  based on similar  cha rac t e r i s t i c s  i n  order t o  
evaluate s o i l  t e s t  r e s u l t s  done i n  the laboratory. 

The 1:100,000 sca le  ( 1 2  sheet  s e r i e s )  s lope maps and watershed 
maps were t o  be drawn. These w i l l  be used t o  assess  t he  s o i l  and 
water c a p a b i l i t i e s  of Djibouti  i n  conjunction with a  preliminary s o i l s  
map based on the  known geology, c l imat ic  indicators ,  topographic maps, 
and s a t e l l i t e  imagery. 

A random sample of 1,000 locat ions  of one square kilometer was t o  
be taken t o  represent  5% of the  natura l  resources area.  This sample 
w i l l  allow cor re la t ion  of deta i led  invest igat ions  i n  s o i l s ,  hydoloqy, 
range, agr icu l tu re ,  and r u r a l  economics. I t  w i l l  a l s o  serve t o  
monitor resources changes and t o  es tab l i sh  ground t r u t h  for  fu ture  
remote sensing evaluations of t h e  conditions i n  Djibouti .  

Training was t o  be given in  remote sensing coverinq both 
s a t e l l i t e  imagery and a e r i a l  photography as  they are related t o  s o i l s  
and s o i l s  invest igat ions.  These techniques can expedite t he  accurate 
i d e n t i f i c a t i o n  and locat ion of s o i l  types. 

Construction work on the  laboratory was t o  be completed and the  
laboratory equipment properly i n s t a l l ed  i n  preparat ion for  t ra in ing  in  
water analyses. Materials and supplies  previously requested were t o  
be  del ivered by the  end of t h i s  quarter .  

11. Work Accomplished 

Sample col lec t ion,  s o i l s  i den t i f i ca t i on ,  c l a s s i f i c a t i o n  and 
descr ip t ion  proceeded e f fec t ive ly  for  the  s o i l s  of southern Djibouti .  
The s t a f f  characterized and separated the  major s o i l  areas and 
established a  framework t o  d is t inguish  the  various s o i l s .  Forty s o i l  
p r o f i l e s  were sampled and described. The samples a r e  s tored a t  the  
laboratory for l a t e r  chemical and physical t e s t i ng .  



One hundred random inventory sample s i t e s  were chosen from which 
t o  c o l l e c t  bas ic  da ta  for  t he  general  s o i l s  map. The f o r t y  s o i l  
p r o f i l e s  described were associated with fo r ty  inventory sample s j . tes ,  
thus  beginning the  de ta i l ed  technica l  descr ip t ions  of these  s i t e s .  
The s t a f f  col lec ted  da ta  on s o i l s ,  vegetat ion,  s lope  and 
geomorphology . 

Training was given on remote sensing. A review was made of the  
bas ic  elements of remote sensing using a s  a  t e x t  t he  ASP "Manual of 
Remote Sensing" and other references.  Speci f ic  t r a i n i n g  was given i n  
recognizing, on s a t e l l i t e  imagery, t h e  fea tu res  of Djibouti .  Aerial  
photographic i n t e rp re t a t i on  t r a in ing  was concentrated i n  t he  Mouloud 
a r ea s '  ground. Both counterpar ts  have responded well  t o  t h e  t r a in ing  
and a r e  applying t h e i r  new knowledge t o  the  projec t .  

Construction on t h e  laboratory f a c i l i t i e s  has proceeded 
throughout t h e  quar ter .  Work s t i l l  remains t o  be done. The equipment 
has  not been placed i n  t h e  laboratory due t o  t he  const ruct ion  
a c t i v i t y .  

The slope and watershed maps a t  t h e  1:100,000 sca le ,  t h e  
preliminary s o i l s  map and the  s o i l s  climate map a r e  e s s e n t i a l l y  
completed. We have a l s o  received t he  fi lm pos i t ives  of t h e  t h r ee  
color  p l a t e s  for t he  1 2  shee t s  of t h e  1:100,000 s c a l e  topographic map. 

In response t o  a  spec ia l  request  by t he  Minister of Agricul ture,  
t h e  s t a f f  of t he  laboratory prepared a  s t a t u s  repor t  fo r  t he  Ministry. 
This s t a t u s  repor t  contained, not only a  descr ip t ion  of t he  work 
performed t o  date ,  but a  de ta i l ed  budget for  operating t he  laboratory 
and some administrat ive recommendations on the  pos i t ion  of t he  
laboratory within t h e  government and servic ing r e s p o n s i b i l i t i e s ,  v is -  
a -v is  po ten t i a l  end-users. 

The four-wheel-drive Daihatsu vehic le  ar r ived during the quar ter .  
I n  addi t ion ,  f i e l d  equipment, more Landsat imagery and diazo color  
separa t ions  o f f  Landsat imagery ar r ived.  

111. Modifications i n  t h e  Plan and Their Consequences ----- 
The construct ion on the  laboratory was not completed. I t  i s  

e s s e n t i a l  a l l  construct ion be c m p l e t e  before s e t t i n g  up t h e  
laboratory s ince  construct ion a c t i v i t i e s  w i l l  d i s rup t  t r a in ing  and 
endanger the  equipment, mater ia ls ,  and supplies .  Some cabinets ,  
pa in t ing ,  and e l e c t r i c a l  work a r e  t h e  primary jobs remaining. These 
a r e  minor matters but appear t o  be very time-consuming due t o  the  
de t a i l ed  nature of the  work. 

Training on the  laboratory techniques cannot begin u n t i l  t he  
equipment, materials  and suppl ies  a r e  properly i n s t a l l e d  and 
funct ional .  More than a  year i s  needed t o  give proper t r a in ing  in  t he  
procedures for the  many analyses t o  be performed by t he  laboratory.  
Thus, construct ion m u s t  be completed a s  soon as possible .  I t  i s  
b e l j . t ~ e d  poss ib le  for  construct ion t o  be completed within s i x  weeks. 



The s t a t u s  and  b u d g e t  r e p o r t  p r e p a r e d  f o r  t h e  M i n i s t e r  o f  
A g r i c u l t u r e  was n e c e s s a r y  b u t  u n e x p e c t e d .  I t  d e l a y e d  e n t r y  i n t o  t h e  
f i e l d  t o  c o l l e c t  s a m p l e s  by  t h r e e w e e k s .  L a t e r ,  t h e r e w a s  a  t h r e e -  
week i n t e r r u p b i o n  i n  f i e l d  work due  t o  heavy  r a i n  which s e v e r e l y  
damaged t h e  t r a i l s  u s e d  t o  t r a v e l  t o  t h e  s ample  s i t es .  A s  a  
consequence ,  f o u r t e e n  s i t e s  r e m a i n  t o  be d e s c r i b e d  i n  o r d e r  t o  
c o m p l e t e  t h e  so i l s  work i n  t h e  s o u t h e r n  h a l f  o f  t h e  c o u n t r y .  These 
w i l l  t a k e  a b o u t  a  week t o  c o m p l e t e .  

The b u l k  o f  t h e  m a t e r i a l s  and  s u p p l i e s  h a v e  n o t  y e t  a r r i v e d  and  
may n o t  be a v a i l a b l e  u n t i l  t h e  end  o f  t h e  y e a r .  The c h e m i c a l s  needed  
f o r  wa te r  a n a l y s e s  were o r d e r e d  s e p a r a t e l y  by RDA and were d u e  t o  be 
s h i p p e d  A p r i l  15 ,  1 9 8 1  and  r e q u i r e  6-8 weeks by  s u r f a c e  f r e i g h t .  
T r a i n i n g  w i l l  be r e s t r i c t e d  i n  s c o p e  u n t i l  t h e s e  s u p p l i e s  and  
m a t e r i a l s  a r r i v e  s i n c e  t h e  a v a i l a b l e  s u p p l i e s  and  m a t e r i a l s  w i l l  s e r v e  
t o  d o  o n l y  b a s i c  w a t e r  a n a l y s e s .  

V.  P l a n s  f o r  t h e  Coming Q u a r t e r  -- 
I t  i s  e x p e c t e d  t h e  c o n s t r u c t i o n  o n  t h e  l a b o r a t o r y  w i l l  be 

c o m p l e t e d  s h o r t l y  so t h a t  t h e  s u p p l i e s ,  m a t e r i a l s  and  e q u i p v e n t  c a n  h e  
i n s t a l l e d  a s  q u i c k l y  as p o s s i b l e .  Immed ia t e ly  t r a i n i n g  w i l l  b e g i n  i n  
water q u a l i t y  t e s t i n g  p r o c e d u r e s .  I n  t h e  meant ime,  s e m i - d e t a i l e d  s o i l  
mapping w i l l  b e g i n  i n  Domer j o g  and Deydey w a t e r s h e d s .  By t h e  end  of 
t h e  coming q u a r t e r ,  t h e  n e x t  Annual Work P l a n  w i l l  be w r i t t e n .  



QUARTERLY REPORT 

To : E l l s w o r t h  Amundson, USAID/D~ i b o u t i  Date: J u n e  25 ,  1 9 8 1  

Fr om: D r .  J o s e p h  Goebe l ,  P r o j e c t  Manager,  RDA 

S u b j e c t :  Q u a r t e r l y  R e p o r t ,  D j i b o u t i  ~ o i l / ~ a t e r  P r o j e c t  

T h i s  p r o g r e s s  r e p o r t  c o v e r s  t h e  p e r i o d  o f  A p r i l  25 ,  1 9 8 1  t o  J u n e  26,  
1 9 8 1 .  

I .  Work O r i g i n a l l y  S c h e d u l e d  f o r  t h e  F o u r t h  Q u a r t e r  -- 

T h e  o v e r d u e  c o n s t r u c t i o n  o f  t h e  l a b o r a t o r y  f a c i l i t i e s  w a s  t o  b e  
compl e t e d  and l a b o r a t o r y  equ ipmen t  i n s t a l l e d  d u r i n g  t h i s  q u a r t e r  so 
l a b o r a t o r y  a n a l y s e s  t r a i n i n g  c o u l d  b e g i n .  T r a i n i n g  and mapp ins  f o r  a 
s e m i - d e t a i l e d  s o i l  s u r v e y ,  scale 1 :27 ,000 ,  w a s  t o  b e  i n i t i a t e d  f o r  t h e  
Domerajog and Deydey w a d i s  w a t e r s h e d s .  

Work Accompl i shed  

S e m i - d e t a i l e d ,  s c a l e  1 : 27 ,000  s o i l  mapping and t r a i n i n g  w a s  beaun  
b y  l o c a t i n g  t h e  p h o t o g r a p h s ,  m a t c h i n g  them c o r r e c t l y  t o  e a c h  o t h e r ,  
making a c o m p o s i t e  b a s e  map, l o c a t i n g  k i l o m e t e r  g r i d  c o o r d i n a t e s  on  
e a c h  p h o t o ,  a n d  e s t a b l i s h i n g  t h e  r e s o u r c e s  random i n v e n t o r y  s i t e s  i n  
t h e  s t u d y  area. F u r t h e r  f i e l d  p r o g r e s s  awai t s  t h e  a r r i v a l  o f  t h e  
s t e r e o s c o p e .  

A l l  o f  t h e  5 3  r e s o u r c e s  random s i tes  w e r e  d e s c r i b e d  e x c e p t  t h e  
f i v e  i n a c c e s s i b l e  o n e s .  T h e s e  s i t es  h a v e  a l l  b e e n  d e s c r i b e d ,  and 
c l a s s i f i e d  i n  E n g l i s h  and  F r e n c h  and  s o i l  s a m p l e s  p r e s e r v e d .  T h i s  
i n f o r m a t i o n  w a s  u s e d  as  g r o u n d  t r u t h  t o  i d e n t i f y  t h e  s o i l  t y p e s  o n  t h e  
1: 250 ,000  sca le  c o l o r e d  L a n d s a t  p h o t o g r a p h s .  

The  so i l s  o f  t h e  s o u t h e r n  h a l f  o f  D j i b o u t i  h a v e  now b e e n  
e s t a b l i s h e d  and mapped a t  t h e  1 :250 ,000  s ca le  and work was begun o n  
t h e  1 :100 ,000  sca le  so i l s  map. 

F i n a l  d r a f t i n g  o f  t h e  w a t e r s h e d  and s l o p e  maps w i t h  t h e  
c o m p l e t i o n  o f  t h e  D j i b o u t i  and  Loyada 1 :100 ,000  scale  t o p o g r a p h i c  
maps. 

R e m o t e  s e n s i n g  t r a i n i n g  advanced  w i t h  t h e  p r e p a r a t i o n  o f  a e r i a l  
p h o t o g r a p h s  f o r  d e t a i l e d  soi ls  mapping and  f o r  so i l s  i n t e r p r e t a t i o n  o f  
t h e  1 : 250 ,000  c o l o r e d  L a n d s a t  p h o t o g r a p h s .  

T h e  i n t e r n a t i o n a l  Desert F o r e s t  C o n t r o l  O r g a n i z a t i o n ' s  m e e t i n g  i n  
D j i b o u t i  and  s u b s e q u e n t  m e e t i n g  i n  Uganda r e q u i r e d  a n  u n e x p e c t e d  u s e  
o f  t w o  weeks  t i m e  o f  the p r i n c i p a l  c o u n t e r p a r t ' s  t i m e .  



111. M o d i f i c a t i o n s  i n  t h e  P l a n  a n d  t h e i r  Consequences  ---- 
Comple t ion  of t h e  l a b o r a t o r y  f a c i l i t i e s  are  now s c h e d u l e d  f o r  

Sep tember ,  s i x  months  a f t e r  s c h e d u l e d  c o m p l e t i o n .  . T h i s  c a l l s  f o r  
d e l a y i n g  i m p l e m e n t a t i o n  and t r a i n i n g  o n  l a b o r a t o r y  p r o c e d u r e s .  
C o n s e q u e n t l y  e f f o r t  w a s  d i r e c t e d  t o w a r d s  f i n a l  d r a f t s  o f  t h e  w a t e r s h e d  
and  s l o p e  maps and a p p l y i n g  more e f f o r t  t oward  c o m p l e t i n g  t h e  
1 : 1 0 0 , 0 0 0  s o i l s  map and  i n i t i a t e  s e m i - d e t a i l e d  mapping o f  Deydey and 
D o m e r  a j  og  . 

Delay  i n  t h e  a r r i v a l  o f  c h e m i c a l s  and  e q u i p n e n t  h a s  a l so  r e s u l t e d  
i n  d i r e c t i n g  e f f o r t s  t o  t h e  work which i s  n o t  dependen t  o n  them, s u c h  
a s  d r a f t i n g  maps and  m a t c h i n g  p h o t o g r a p h s .  

I V .  O b s t a c l e s  - t o  R e a c h i n g  t h e  O b j e c t i v e s  

The  d e l a y  i n  c o m p l e t i o n  o f  t h e  l a b o r a t o r y  f a c i l i t i e s  u n t i l  
Sep t ember ,  s i x  months  b e h i n d  s c h e d u l e ,  w i l l  s e r i o u s l y  l i m i t  t r a i n i n g  
o n  l a b o r a t o r y  a n a l y s e s .  

Aboubaker D o u a l e  w a s  t e m p o r a r i l y  r e a s s i g n e d  t o  assist  t h e  DLCO's 
i n t e r n a t i o n a l  m e e t i n g  i n  D j i b o u t i  and  a management m e e t i n g  i n  Uganda.  
H e ,  t h e r e f o r e ,  w a s  n o t  a v a i l a b l e  f o r  t w o  weeks o f  t r a i n i n g  and  work .  
On-the- j o b  t r a i n i n g  means t h e  p e r s o n n e l  must b o t h  l e a r n  and  p r o d u c e  
e f f e c t i v e l y .  I t  i s  i m p o r t a n t  t h a t  t h e  t r a i n e e  i s  a v a i l a b l e  f o r  work 
a n d  work ing  s a t i s f a c t o r i l y ,  a s  w e l l  as,  s t u d y i n g  and  u n d e r s t a n d i n g  t h e  
s u b j e c t  mat ter .  Such a s i t u a t i o n  r e q u i r e s  t w i c e  t h e  e f f o r t  o n  t h e  
p a r t  o f  t h e  p a r t i c i p a n t  t o  t a k e  a d v a n t a g e  o f  t h e  program i n  t h e  
p r o j e c t .  Reas s ignmen t  e l s e w h e r e  c o n f u s e s  the  t r a i n i n g  and  t h e  Work 
P l a n .  

E l r  . Douale  h a s  found  it v e r y  d i f f i c u l t  t o  a t t e n d  t o  work and  
t r a i n i n g  d u r i n g  t he  p a s t  q u a r t e r  d u e  t o  t h e  u n c e r t a i n t i e s  c o n c e r n i n g  
t h e  o r g a n i z a t i o n a l  p o s i t i o n  o f  t h e  l a b o r a t o r y  and t h e  r e s o u r c e s  he  h a s  
b e e n  g i v e n  t o  e x e r c i s e  h i s  r e s p o n s i b i l i t i e s .  H e  h a s  e v e n  s u g a e s t e d  h e  
may r e t u r n  t o  F r a n c e  f o r  f u r t h e r  s c h o o l i n g .  The s t a t u s  and b u d q e t  o f  
t h e  laboratory n e e d s  t o  be c l a r i f i ed  so t h a t  men may u n d e r s t a n d  h o w  
t h e y  a r e  g o i n g  t o  c o n t r i b u t e  t o  t h e  long- te rm s u c c e s s  o f  t h e  
l a b o r a t o r y .  Mr. D u a l e  h a s  d e m o n s t r a t e d  t h e  c a p a b i l i t y  t o  h a n d l e  h o t h  
t h e  t e c h n i c a l  and a d m i n i s t r a t i v e  r e q u i r e m e n t s  o f  t h e  l a b o r a t o r y .  H e  
mus t  be g i v e n  t h e  f a c i l i t i e s  t o  d o  b o t h  so h e  c a n  a c c o m p l i s h  t h e  
r e s p o n s i b i l i t i e s  o f  t h e  l a b o r a t o r y .  

The chemicals and  equ ipmen t  o r d e r e d  l a s t  y e a r  h a v e  n o t  y e t  
a r r i v e d .  Some are s c h e d u l e d  i n  a few weeks and  t h e  res t  i n  Sep tember .  
T h e r e f o r e ,  t h e  l a b o r a t o r y  s h o u l d  be a b l e  t o  b e g i n  t r a i n i n q  i n  
September .  



V. Plans f o r  t h e  Cominq Q u a r t e r  -- 

During t h e  coming q u a r t e r  we expect t o  complete t h e  1 : 100,000 and 
1:250,000 s c a l e  s o i l  maps of t h e  southern h a l f  of Dj ibout i .  

The 1:100,000 watershed maps and s lope  maps should be completely 
d r a f t e d .  

The Domerajog and Deydey watersheds should be mapped. 

The labora tory  equipment should be s e t  up t o  begin t r a i n i n g .  



QUARTERLY REPORT 

To : E l l s w o r t h  Amundson, uSAID/D~ i b o u t i  Date :  Oc tobe r  2  5, 1981  

Fr o m  : D r .  J o s e p h  Goebel, P r o j e c t  Manager RDA 

S u b j e c t :  Q u a r t e r l y  R e p o r t ,  D j i b o u t i  S o i l / W a t e r  P r o j e c t  

T h i s  r e p o r t  c o v e r s  t h e  p e r i o d  J u n e  26,  1 9 8 1  t o  October  26,  1981.  

I .  Work O r i g i n a l l y  S c h e d u l e d  f o r  t h e  F o u r t h  Q u a r t e r  -- 
During  t h i s  q u a r t e r  it was e x p e c t e d  t h a t  t h e  1 :125 ,000  s c a l e  

s o i l s  map o f  t h e  s o u t h e r n  h a l f  o f  D j i b o u t i  would be comple t ed ;  t h e  
1 :100 ,000  s c a l e  w a t e r s h e d  and s l o p e  maps w e r e  t o  b e  c o m p l e t e l y  
d r a f t e d ;  t h e  Domerajog and Deyudey w a t e r s h e d s  w e r e  t o  b e  mapped; t h e  
l a b o r a t o r y  equipment  was t o  be se t  up so l a b o r a t o r y  t r a i n i n g  c o u l d  
b e g i n ;  t h e  l a b o r a t o r y  c o n s t r u c t i o n  was t o  b e  m o n i t o r e d / f i n i s h e d ;  and 
t h e  equipment  was t o  be i n v e n t o r i e d ,  and  a  l i s t  o f  p u b l i c a t i o n s  f o r  
t h e  l i b r a r y  comple ted .  

I I .  Work Accomplished 

Dur ing  t h i s  q u a r t e r  t h e  so i l s  maps a t  t h e  1 :100 ,000  and 1 :250 ,000  
s c a l e  w e r e  l a r g e l y  i n t e r p r e t e d  and  f i n a l  c h e c k i n g  and d r a f t i n g  was 
i n i t i a t e d .  However, a  s p e c i a l  p r o j e c t  f o r  t h e  Un i t ed  N a t i o n ' s  High 
Commission o n  Refugees  r e q u e s t i n g  t e c h n i c a l  a s s i s t a n c e  on r e s e t t l i n g  
r e f u g e e s  and  t h e  homeles s  on  an  a g r i c u l t u r a l  p r o j e c t  i n t e r v e n e d .  
N e v e r t h e l e s s ,  t h e  1 :100 ,000  s c a l e  w a t e r s h e d  map and s l o p  map and 
U.T.M. k i l o m e t e r  g r i d  maps w e r e  comple t ed .  The w a t e r s h e d  map and t h e  
c o n t o u r  maps w e r e  s e n t  t o  Germany t o  be r e d u c e d  t o  1: 300,000 s c a l e  t o  
p r o v i d e  a  more-manageable s i z e .  T h i s  b a s e  ( 1 : 3 0 0 , 0 0 0 )  map w i l l  be 
u s e d  t o  report g e n e r a l  r e s o u r c e  i n f o r m a t i o n  a b o u t  ~ j i b o u t i .  ~ a p p i n g  
o f  t h e  Deydey and Damerajog w a t e r s h e d s  was pos tponed  t e m p o r a r i l y  d u e  
t o  o t h e r  w o r k .  

The equipment  a v a i l a b l e  w a s  i n s t a l l e d  i n  t h e  l a b o r a t o r y .  More 
equipment  i s  due n e x t  q u a r t e r .  Some o f  t h e  e q u i p n e n t  r e c e i v e d  ( A C ' s )  
i s  n o t  f u n c t i o n a l  due  t o  d e f i c i e n t  e l e c t r i c a l  s u p p l y .  I n  f a c t ,  o n e  o f  
t h e  A C ' s  burned  o u t .  L a b o r a t o r y  t r a i n i n g ,  t h e r e f o r e ,  h a s  n o t  been  
g i v e n .  The i n v e n t o r y  o f  c u r r e n t  equipment  i s  comple t e .  The l i s t  o f  
books  t o  be purchased  h a s  been  comple t ed .  Aboubaker Douale  a t t e n d e d  
t h r e e  weeks t r a i n i n g  i n r e m o t e  s e n s i n g  a t  F A O i n R o m e .  I s p e n t  t w o  
weeks on  v a c a t i o n .  F a r a h  Ornar l e a r n e d  t o  u s e  t h e  p l a n i m e t e r  and 
measured  t h e  s l o p e  a r e a s  and  w a t e r s h e d s  o n  t h e  1 :100 ,000  s c a l e  maps. 
W e  a t t e n d e d  t h e  M i n i s t r y  o f  A g r i c u l t u r e ' s  weekly  t e c h n i c a l  mee t ing  
which  proved  t o  be h e l p f u l 1  r e g a r d i n g  r e s o l v i n g  nany s t a g n a n t  
p rob lems .  W e  c o n t i n u e d  t o  s u p e r v i s e  t h e  s l o w  r e h a b i l i t a t i o n  o f  t h e  
1 a b o r  a t o r y  . W e  wrote t h e  Annual Work P l a n .  W e  p r e p a r e d  t h e  
l a b o r a t o r y  budge t  f o r  1982.  



Two papers were developed and accepted f o r  presenta t ion  i n  Cairo,  
Egypt, a t  t h e  I n t e r n a t i o n a l  Remote Sensing Symposium concerning 
n a t u r a l  water containment s i t e s  i n  Dj ibout i  and remote sensing a s  it 
app l i e s  t o  s o i l s  resource assessment. We presented a  d isp lay  of t h e  
work of t h e  laboratory a t  t h e  World Food Day event. Cooperative 
a s s i s t a n c e  has been given t h e  German Mission on su r face  water 
loca t ion ,  a v a i l a b i l i t y ,  recogni t ion  and methods of acqu i s i t ion .  
Assis tance was given t o  t h e  Ca tho l i c  Rel ief  Services  on s e l e c t i o n  of 
S o i l s  and Water f o r  Food f o r  Work p r o j e c t  i n  A l i  Sabieh and t h e  P e t i t  
Bara. 

We a s s i s t e d  t h e  Minis ter  of Agr icul ture  i n  giving a  t e c h n i c a l  
r e p o r t  t o  t h e  UNHCR on two s i t e s  t o  r e s e t t l e  refugees and t h e  
homeless. Both s i t e s  were mapped a t  1:25,000 s c a l e  and t h e  i r r i g a t i o n  
p o t e n t i a l  determined f o r  t h e  d i f f e r e n t  s o i l s  c l a s s i f i e d .  Various 
people sought advice and information from t h e  laboratory.  Besides t h e  
German Mission 's  r egu la r  r eques t s ,  t h e  Arab League of Nat ions '  
r ep resen ta t ive ,  ( a  h o r t i c u l t u r i s t )  received t echn ica l  advice.  The 
European Economic Community r ep resen ta t ive  received a  day of 
consultation/orientation of t h e  f a c i l i t y .  The Atar p ro jec t  received 
r o u t i n e  backstopping consu l t a t ion .  The Minister of Agr icul ture  
received t echn ica l  advice and r e p o r t s  as  requested.  We made a  f i e l d  
v i s i t  with him t o  t h e  Dikhi l  region and supplied him with t h e  
requested s o i l s  r epor t  f o r  t h e  UNHCR. 

111. Modifications i n  t h e  Plan and Thei r  Consequences 

Minor cons t ruc t ion  on t h e  laboratory s t i l l  has not  been 
accomplished. Therefore, t h e  o f f i c e  has not  been organized and 
equipment i n s t a l l e d .  Consequently, t h e  team has been working under 
very confined circumstances which have not  been conducive t o  good 
product iv i ty .  This and t h e  l o s s  of t h e  a i r  condi t ioners  and an 
improper supply of e l e c t r i c i t y  has prevented t h e  opera t iona l  
implementation of t h e  labora tory  equipment and, the re fo re ,  t r a i n i n g  i n  
labora tory  procedures has  not begun. Without t h e  e l e c t r i c i t y  and 
o f f i c e ,  t h e  laboratory has not  been completed f o r  occupancy now over a  
year  from i n i t i a l  cons t ruc t ion .  

Outside requests  such a s  s p e c i a l  s t u d i e s  o r  meetings o r  r e p o r t s  
consumed time and/or r e d i r e c t e d  t h e  e f f o r t s  of t h e  laboratory 
personnel.  Often t h e s e  cannot be avoided o r  foreseen such a s  t h e  
refugee rese t t lement  o r  meeting with t h e  MOA o r  prepara t ion  of t h e  
budget, and supporting t r a i n i n g  and meetings. A s .  a  r e s u l t  t h e  s o i l s  
maps a r e  not complete. 

IV. Obstacles - t o  Meeting t h e  Objec t ives  

The main obs tac le  t o  meeting t h e  objec t ive  i s  t h e  def iciency of 
equipment a l l  of which a r e  on o rde r  and expected t o  a r r i v e  i n  l a t e  
December. Unfortunately,  o u t s i d e  in te r rup tu ions  cause a  s l ippage  of 
our  objec t ives .  The lack of a  budget f o r  t h e  laboratory has been a  
s e r i o u s  obs tac le  because t h e  needs of t h e  laboratory cannot be m e t .  
S p e c i f i c a l l y ,  a l l  of t h e  needed personnel cannot be assigned. Per 
diem i s  not  paid.  Without assurance of i t s  payment, we cannot r e tu rn  



t o  the  f i e l d  i n  December because the  men w i l l  not be duly reimbursed. 
These a r e  only some of t he  problems of operating without a  budaet. A 
generator which supplies  l l O V  60HZ current  m u s t  be obtained before t he  
laboratory equipment can be made operable.  I t  i s  expected t o  a r r i v e  
i n  December. 

The Special So i l s  Reports d i rec ted  e f f o r t  t o  mappinq t he  Deydey 
and Damerajog watersheds. These r epo r t s  w i l l  be considered as  well a s  
t h e  de t a i l ed  s tud ies  for  t he  Hanle anC? Gobahd ag r i cu l t u r a l  p ro j ec t s  
per t he  P I o / T  scope of work. The watersheds w i l l  be mapped l a t e r  i n  
t h e  p ro jec t .  

V.  Plans for  t h e  Coming Quar ter  -- 
I n  the  coming quarter  we expect t o  f i n i sh  t he  s o i l s  r epor t  for  

t h e  MOA t o  UNHCR. 

We expect t o  complete t h e  measurement and repor t  on t he  s i z e  of  
water sheds and t h e i r  s lope groups. 

We w i l l  await t h e  equipment and hopefully i n s t a l l  it i n  t he  f i r s t  
quar ter  of 1982. 

We w i l l  begin t he  f i e l d  work for  s o i l  mappinq t he  northern ha l f  
of Djibouti .  

We w i l l  gather t he  da ta  necessary t o  prepare s o i l s  maps for  t he  
Deydey and Damerajog watersheds. 



QUARTERLY RFFORT 

To: E l l s w o r t h  Amunuson, ~ ~ ~ ~ ~ / ~ j i b c ! . i t i  Date:  J a n u a r y  2 5 ,  l9P2 

From: D r .  J o s e p h  GoeSel ,  P r o j e c t  !fana.;er RDA 

S u b j e c t :  Q u a r t e r l y  R e p o r t ,  D j i b o u t i  ~ c i i , . ' ~ a t e r  P r o j e c t  

---------------------------------------------------------------------------- 
T h i s  r e p o r t  c o v e r s  t h e  p e r i o d  O c t a k e r  26 ,  1981 t o  J a n u a r y  2 5 ,  19e2 .  

I .  Nork O r i g i n a l l y  Schedu led  f o r  t h e  S i x t h  Q u a r t e r  --- 
T h i s  q u a r t e r  i t  was e x p e c t e d  t h a t  we would f i n i s h  t h e  s p e c i a l  

s o i l  r e p o r t  f o r  t h e  M i n i s t r y  c f  , ? ? r i c u l t ? ~ r e  and R u r a l  Development and 
t h e  U n i t e d  N a t i o n s  High Cornr,issi?n of Fe fugees .  W e  a l s o  e x p e c t e d  t o  
c o m p l e t e  t h e  measurement anfi r e p o r t  on t h e  s i z e  of  w a t e r s h e d s  and  
t h e i r  s l o p e  g r o u p s .  

A l s o ,  we w e r e  e x p e c t i n g  t o  r e c e i v e  t h e  equipment  and  i n s t a l l  i t  
i n  J a n u a r y ,  1982.  

W e  e x p e c t e d  t o  b e g i n  t r a i n i n q  on w a t e r  q u a l i t y  a n a l y s i s .  

W e  e x p e c t e d  t o  b e g i n  t h e  f i e l d  work f o r  t h e  s o i l s  mappin? i n  t h e  
n o r t h e r n  h a l f  o f  D j i b o u t i  and c o l l e c t  t h e  s o i l s  d a t a  t o  make t h e  s o i l s  
map. 

We e x p e c t e d  t o  g a t h e r  t h e  d a t a  n e c e s s a r y  t o  p r e p a r e  t b e  s o i l s  map 
f o r  t h e  Deydey and  Damerajoa w a t e r s 3 e d s  a t  a  s c a l e  o f  1 :25 ,000 .  

We a l s o  e x p e c t e d  t o  have  t r a i n i n g  i n  v e g e t a t i o n  i d e n t i f i c a t i o n  i n  
c o n j u n c t i o n  w i t h  D r .  Maureen Y a t e s .  

We a l s o  e x p e c t e d  t o  d e l i v e r  two p r o f e s s i o n a l  p a p e r s  i n  C a i r o ,  
Egypt ,  a t  t h e  Remote S e n s i n g  Symposium f o r  Ar id  Land S t u d i e s .  

I I .  Work Accomplished 

During t h e  l a s t  q u a r t e r  w e  a c c ~ ~ ~ i p l i s h e d  t h e  f o l l o w i n g  e f f o r t :  

F i r s t ,  w e  f i n i s h e d  a  s o i l s  r e p o r t  f o r  t h e  M i n i s t r y  o f  A g r i c u l t u r e  
t o  t h e  U n i t e d  N a t i o n s  High Commission on Refugees .  T h i s  r e p o r t  
c o n c e r n s  t h e  a d a p t a b i l i t y  and  l o c a t i o n  of  s o i l s  i n  t h e  a r e a s  o f  
C h e k h e y t i  on t h e  Han le  P l a i n  and Sabbalou  on t h e  Gobbad P l a i n .  The 
o b j e c t i v e  was t o  r e s e t t l e  r e f u g e e s  i n  a g r i c u l t u r a l  p r o j e c t s .  The work 
was comple t ed ,  handed  i n  on t i m e ,  and s u b m i t t e d  t o  Geneva. T h i s  was 
done  i n  c o o p e r a t i o n  w i t h  t h e  A g r i c u l t u r e  S e c t i o n  and t h e  German 
C o o p e r a t i o n .  



W e  measured and  e s t a b l i s h e d  t h e  s i z e  o f  t h e  w a t e r s h e d s  and t h e  
r e s p e c t i v e  a r e a s  of  t h e  s t a n d a r d  s l o p e  g roups  w i t h i n  each  w a t e r s h e d .  
The  maps a r e  comple te ,  and  a  summary r e p o r t  a v a i l a b l e .  

W e  d i d  n o t  r e c e i v e  t h e  equipment  i n  J a n u a r y  and t h e r e f o r e ,  
t r a i n i n g  d i d  n o t  b e g i n  on  w a t e r  q u a l i t y  a n a l y s i s  a s  s c h e d u l e d .  I n  t h e  
meantime, t h e  work was d i r e c t e d  toward  t r a i n i n g  i n  s o i l  a n a l y s i s  w i t h  
a v a i l a b l e  equipment .  

W e  d i d  t h e  f i e l d  work t o  g a t h e r  t h e  d a t a  f o r  s o i l s  mapping o f  t h e  
n o r t h e r n  h a l f  of  D j i b o u t i ,  e x c e p t  f o r  t h i r t y - f i v e  ( 3 5 )  remote  a r e a s  
t h a t  c o u l d  n o t  be a c c e s s e d  by v e h i c l e .  A d e l a y  on t h e  p a r t  o f  
s u b m i t t i n g  t h e  r e q u e s t ,  and  a  need  f o r  a  new r o t o r  f o r  t h e  h e l i c o p t e r ,  
p o s t p o n e d  t h i s  l a s t  p h a s e  o f  t h e  i n v e s t i g a t i o n .  W e  d i d  deve lop  t h e  
so i l s  mapping u n i t s  and  t h e  so i l s  mapping l egend .  

The f i e l d  d a t a  n e c e s s a r y  t o  p r e p a r e  t h e  so i l s  nap  of t h e  Deydey 
a n d  Damerajog w a t e r s h e d  a t  a  s c a l e  o f  1:25,000 was g a t h e r e d .  

A p r o j e c t  was i n i t i a t e d  t o  m o n i t o r  t h e  s a l t  c o n t e n t ,  e l e c t r i c  
c o n d u c t i v i t y  and  t h e  w a t e r  d e p t h  f o r  s e l e c t e d  w e l l s  i n  t h e  Houmbouli 
and  Douda a g r i c u l t u r a l  a r e a s .  The p u r p o s e  was t o  e s t a b l i s h  b a s e  d a t a  
t o  d e c i d e  i f  t h e r e  was t o o  much draw on t h e  a q u i f e r  t h i s  y e a r  w i t h  t h e  
i n s t a l l a t i o n  o f  s e v e r a l  new fa rms .  

Dur ing  t h i s  q u a r t e r  w e  h a d  a  t e c h n i c a l  rev iew by t h e  USDA S o i l  
C o n s e r v a t i o n  S e r v i c e ,  M r .  A l l e n  He ide lbaugh .  H e  s p e n t  two weeks w i t h  
u s  r e v i e w i n g  t h e  p r o j e c t  and  making recommendat ions a b o u t  f u t u r e  
e f f o r t .  The rev iew was s a t i s f a c t o r y .  

Two h o u r s  one  day  were s p e n t  w i t h  t h e  P r e s i d e n t  o f  t h e  R e p u b l i c  
o f  D j i b o u t i  i n  c o n j u n c t i o n  w i t h  h i s  Pr ime M i n i s t e r  and  s e v e r a l  o t h e r  
m i n i s t e r s  e x p l a i n i n g  t h e  c o m p l i c a t i o n s  and  l i m i t a t i o n s  t o  t h e  
deve lopment  of  t h e  Grand Bara  and  o t h e r  a l t e r n a t i v e s  t o  development  i n  
o t h e r  p a r t s  of  t h e  c o u n t r y .  T h i s  was a l s o  a s s i s t e d  by D r .  M u e l l e r .  

A mee t ing  was h e l d  w i t h  t h e  D i s t r i c t  Commissioners t o  present  t o  
them t h e  s t r u c t u r e  and p u r p o s e  o f  t h e  l a b o r a t o r y  and o f f e r  them a view 
o f  s o m e  of  t h e  maps and  accompl i shmen t s  t h a t  have  been a c h i e v e d .  They 
w e r e  a l l  f a v o r a b l y  i m p r e s s e d ,  and  c o u l d  u n d e r s t a n d  t h e  e f f o r t  t h a t  h a s  
been  p u t  fo rward  i n  g e t t i n g  a  s o l i d  b a s e  f o r  t h e  s y s t e r a t i c  
deve lopment  o f  t h e  a g r i c u l t u r e .  

The l a b o r a t o r y  was v i s i t e d  by t h e  U n i t e d  S t a t e s  Ambassador, M r .  
Nor th ,  t h e  USAID r e p r e s e n t a t i v e ,  M r .  Amundson, and  t h e  Gen ie  R u r a l  
C h i e f ,  M r .  Waberi t o  r ev iew t h e  s t a t u s  o f  t h e  l a b o r a t o r y .  A f a v o r a b l e  
r e s p o n s e  was made. 

The  P r o j e c t  Manager s p e n t  t i m e  c o o p e r a t i n g  w i t h  t h e  f o l l o w i n g  
p e o p l e  and  a g e n c i e s :  Time was s p e n t  w i t h  t h e  FA0 A g r i c u l t u r a l  
S p e c i a l i s t ,  M r .  S o r e n t i ,  a l s o  w i t h  t h e  German h y d r o g e o l o q i s t ,  D r .  
M u e l l e r ,  and w i t h  D r .  B o r n h o r s t ,  g e o l o g i s t .  H e  a l s o  s p e n t  t i m e  
a d v i s i n g  t h e  A g r i c u l t u r a l  S e c t i o n  C h i e f ,  M r .  Awali and t h e  Ranqe 
S e c t i o n  C h i e f ,  M r .  Moussa, and  t h e  European  Economic Community P r o j e c t  



A d v i s o r ,  b l r .  C u s t e r .  H e  a l s o  s p e n t  t i m e  w i t h  t h e  C a t h o l i c  R e l i e f  
S e r v i c e s  D i r e c t o r ,  M r .  Bouras sa ,  and h e  s p e n t  t i m e  on s e v e r a l  f i e l d  
t r i p s  w i t h  t h e  M i n i s t e r  of  A g r i c u l t u r e .  The t r i p s  were t o  q i v e  
t e c h n i c a l  i n f o r m a t i o n  on  soi ls ,  agronomy, and i r r i g a t i o n  
i n t e r p r e t a t i o n s .  

111. M o d i f i c a t i o n s  i n  t h e  P l a n  and  T h e i r  Consequences ---- 

Minor c o n s t r u c t i o n  on  t h e  l a b o r a t o r y  s t i l l  h a s  n o t  been  
comple t ed .  The e l e c t r i c i t y  h a s  n o t  been  i n s t a l l e d  f o r  l l O V  60Hz 
c u r r e n t .  Equipment t o  d o  so h a s  n o t  y e t  a r r i v e d .  The equipment  and 
c h e m i c a l s ,  o r d e r e d  o v e r  a  y e a r  ago  ahve  n o t  y e t  a r r i v e d .  A s  a  
consequence ,  t r a i n i n g  i n  w a t e r  and  s o i l  a n a l y s i s  w i l l  be s e v e r e l y  
d e l a y e d  and  due t o  t h e  s h o r t  t i m e  r e m a i n i n g  i n  t h e  p r o j e c t ,  t r a i n i n g  
w i l l  b e  d i r e c t  and  n o n - r e p e t i t i v e .  O u t s i d e  r e q u e s t s  f o r  work on  t h e  
s t a t u s  o f  t h e  l a b o r a t o r y ,  d e v e l o p i n g  a  l e g a l  s t a t u t e  f o r  i t s  autonomy, 
t h e  q u e s t i o n  o f  n o t  r e s o l v i n g  t h e  employment s t a t u s  o f  t h e  
c o u n t e r p a r t s ,  t h e  q u e s t i o n s  o f  r e q u e s t s  f o r  a t t e n d a n c e  by t h e  t r a i n e e s  
o r  t h e  p r o j e c t  c o n s u l t a n t  have  t a k e n  unschedu led  t i m e  from t h e  d i r e c t  
o b j e c t i v e s  of  t h e  p r o j e c t  -- t h u s  hamper ing  r e g u l a r  and s y s t e m a t i c  
deve lopment  o f  t h e  o b j e c t i v e s .  

The d e l a y  i n  s u b m i t t i n g  t h e  r e q u e s t s  t o  t h e  m i l i t a r y  f o r  t h e  u s e  
o f  t h e  h e l i c o p t e r ,  a  d e l a y  made by t h e  Ch ie f  o f  Gen ie  R u r a l ,  
p r o h i b i t e d  t h e  a p p r o v a l  o f  i t s  u s e  u n t i l  it was t o o  l a t e  t o  accor rp l i sh  
a n y t h i n g  i n  J a n u a r y .  T h i s  w i l l  c a u s e  a n  unknown amount of  d e l a y ,  
p r o b a b l y  s i x  t o  e i g h t  weeks b e f o r e  t h e  f i n a l  f i e l d  d a t a  can  b e  
c o l l e c t e d .  T h i s  i n  t u r n  w i l l  d e l a y  t h e  d r a f t i n q ,  mapping, a n 2  summary 
o f  t h e  s o i l s  d a t a  u n t i l  some months a f t e r  t h i s  d a t a  i s  c o l l e c t e d .  

I V .  O b s t a c l e s  - t o  Meet ing  t h e  O b j e c t i v e s  

Again  t h e  main o b s t a c l e  t o  mee t ing  t h e  o b j e c t i v e s  e s t a b l i s h e d  i s  
t h e  d e f i c i e n c y  o f  equipment  i n c l u d i n g  some f i e l d  equipment  t h a t  s t i l l  
h a s  n o t  a r r i v e d ,  t h e r e f o r e ,  t r a i n i n g  i n  w a t e r  a n a l y s i s  c o u l d  n o t  
b e g i n .  

Ano the r  o b s t a c l e  i s  t h e  l a c k  o f  b u d g e t  f o r  t h e  laboratory. A s  a 
consequence  work h a s  h a d  t o  p r o c e e d  i n  d i r e c t i o n s  i n  which  
e x p e n d i t u r e s  a r e  n o t  r e q u i r e d .  T h i s  t y p e  o f  e f f o r t  h a s  been  
e x h a u s t e d .  

Ano the r  o b s t a c l e  t o  t h e  work t h i s  q u a r t e r  was t h e  f a c t  t h a t  t h e  
men w e r e  n o t  a s s i g n e d  o r  o f f i c i a l l y  a t t a c h e d  t o  t h e  l a b o r a t o r y .  A s  a  
r e s u l t ,  t h e y  were d e n i e d  t h e i r  p e r  diem, and  o t h e r  f i e l d  b e n e f i t s .  
T h i s  i s  a g a i n  an  a d m i n i s t r a t i v e  c o m p l i c a t i o n  which can  o n l y  b e  
r e s o l v e d  by t h e  D j i b o u t i a n  Government.  

V .  P l a n s  f o r  t h e  Coming Q u a r t e r  -- 
Next q u a r t e r  w e  hope  t o  c o n t i n u e  t h e  t r a i n i n g  i n  so i l s  t e s t i n g .  

We e x p e c t  t o  d o  t h e  s e m i - d e t a i l e d  soils maps f o r  t h e  Deydey and 
Damerajog w a t e r s h e d s .  



W e  e x p e c t  t o  d e v e l o p  so i l s  u s e  i n t e r p r e t a t i o n s .  

W e  e x p e c t  t o  complete t h e  so i l s  s a m p l i n g  a n d  d o  t h e  mapping  o f  
t h e  n o r t h e r n  h a l f  o f  D j i b o u t i .  

W e  e x p e c t  t o  s t a r t  a g r i c u l t u r a l  mapping  i n  c o o p e r a t i o n  w i t h  t h e  
A g r i c u l t u r a l  S e r v i c e  by u s e  o f  a i r  photo i n t e r p r e t a t i o n  a t  a s c a l e  o f  
1 : 5 , 0 0 0 .  

W e  e x p e c t  t o  c o n t i n u e  m o n i t o r i n g  t h e  w e l l s  o f  Houmbouli  a n d  Douda 
a n d  w e  e x p e c t  t o  s t a r t  w a t e r  q u a l i t y  a n a l y s i s  t r a i n i n g .  

W e  e x p e c t  t o  r e c e i v e  a n d  s e t  u p  t h e  e q u i p m e n t  when it a r r i v e s .  

W e  e x p e c t  t o  c o n t i n u e  t o  cooperate w i t h  t h e  o ther  a g e n c i e s  o n  
b e h a l f  o f  a g r i c u l t u r a l  d e v e l o p m e n t  a n d  u s e  o f  t h e  S o i l s  a n d  W a t e r  
L a b o r a t o r y .  



From : D r .  J o s e p h  Goebel, P r o j e c t  Manager  RDA 

S u b j e c t :  Q u a r t e r l y  R e p o r t ,  D j i b o u t i  ~ o i l / ~ a t e r  P r o j e c t  

T h i s  report  c o v e r s  t h e  p e r i o d  J a n u a r y  2 6 ,  1 9 8 2  t o  A p r i l  2 5 ,  1 9 8 2 .  

I .  Work O r i g i n a l l y  S c h e d u l e d  f o r  t h e  S e v e n t h  Q u a r t e r  -- 
D u r i n g  t h i s  q u a r t e r  it was  e x p e c t e d  t h a t  b o o k s  w o u l d  be o r d e r e d  

f o r  t h e  l i b r a r y .  

I t  w a s  e x p e c t e d  t h a t  w e  w o u l d  b e g i n  t r a i n i n g  o n  w a t e r  q u a l i t y  
a n a l y s i s .  

W e  e x p e c t e d  t o  c o n t n u e  t r a i n i n g  i n  s o i l s  t e s t i n g .  

W e  e x p e c t e d  t o  c o n t i n u e  m o n i t o r i n g  t h e  w e l l s  o f  H o u m b o u l i  a n d  
Douda . 

W e  p l a n n e d  t o  b e g i n  m a p p i n g  o f  a g r i c u l t u r a l  s i tes  i n  c o o p e r a t i o n  
w i t h  t h e  A g r i c u l t u r a l  S e r v i c e  b y  the  u s e  o f  a i r  p h o t o  i n t e r p r e t a t i o n  
a t  1 : 5 , 0 0 0 .  

W e  p l a n n e d  t o  complete t h e  s o i l  s a m p l i n g  b y  h e l i c o p t e r  a n d  t o  map 
t h e  n o r t h e r n  h a l f  o f  D j i b o u t i .  

W e  a l so  a n t i c i p a t e d  c o m p l e t i n g  t h e  s e m i - d e t a i l e d  s o i l s  maps  of 
Deydey  a n d  D a m e r a j o g  a t  1 : 2 5 , 0 0 0  dcale .  

W e  p l a n n e d  t o  do s o i l  i n t e r p r e t a t i o n s ,  and w e  a l s o  e x p e c t e d  t o  
c o n t i n u e  t o  c o o p e r a t e  w i t h  o t h e r  a g e n c i e s .  

Work A c c o m p l i s h e d  

D u r i n g  t h i s  q u a r t e r  we r e c e i v e d  t h e  e q u i p m e n t  we had b e e n  w a i t i n g  
f o r .  W e  i n v e n t o r i e d  it a n d  s e t  u p  m o s t  of it. 

S e c o n d ,  we l i s t e d  books f o r  t h e  l i b r a r y .  T h e  l i s t  h a s  b e e n  s e n t  
o u t  f o r  p u r c h a s e .  

W e  c o n t i n u e d  t r a i n i n g  i n  so i l s  t e s t i n g ,  d i d  t e s t i n g  o n  p a r t i c l e  
s i ze  a n a l y s i s  b y  h y d r o m e t e r  a n d  b y  s i e v e  m e t h o d s .  W e  l e a r n e d  t o  take 
pH, s o i l  c o n d u c t i v i t y ,  t o t a l  s a l t  c o n t e n t ,  c h l o r i d e  c o n t e n t  a n d  t o t a l  
m o i s t u r  e. 

W e  c o n t i n u e d  m o n i t o r i n g  the  w e l l s  o f  Houmbou l i  a n d  Douda  m o n t h l y .  



W e  s t a r t e d  mapping t h e  a g r i c u l t u r a l  areas i n  c o o p e r a t i o n  w i t b  
B e v e r l y  R o l l i n s ,  who works  w i t h  t h e  A g r i c u l t u r a l  S e r v i c e  and d o e s  a i r  
p h o t o  i n t e r p r e t a t i o n  t o  e s t a b l i s h  a base map a n d  t.o u s e  s o m e  
h e l i c o p t e r  p h o t o s  t a k e n  t o  i d e n t i f y  t h e  p r e s e n t  a g r i c u l t u r a l  s i t e s -  
T h e  f i n a l  map w i l l  be a t  a scale o f  1 : 5 , 0 0 0 .  

W e  c o m p l e t e d  t h e  s o i l  s a m p l i n g  o f  t h e  n o r t h e r n  h a l f  o f  ~ j i b o u t i .  
T h e  d e l i n e a t i o n s  a n d  d i s t r i b u t i o n  o f  t h e  s o i l  u n i t s  o f  t h e  n o r t h  h a l f  
h a s  n o t  b e e n  a d d r e s s e d  y e t .  

W e  a l so  d i d  n o t  s t a r t  w a t e r  q u a l i t y  a n a l y s i s  t r a i n i n q  e x c e p t  f o r  
c o n d u c t i v i t y  a n d  t o t a l  s a l t s .  

W e  c o l l e c t e d  a l l  t h e  d a t a  f o r  t h e  s e m i - d e t a i l e d  s o i l s  map o f  
Deydey a n d  Damera jog .  Bu t  t h e  s o i l  d e l i n e a t i o n s  h a v e  n o t  b e e n  d o n e  
p e n d i n g  c o m p l e t i o n  o f  the  so i l  d e l i n e a t i o n s  i n  the  n o r t h e r n  h a l f  o f  
D j i b o u t i .  W e  a l s o  h a v e  n o t  d o n e  t h e  so i l  u s e  i n t e r p r e t a t i c n s .  

W e  h a v e  c o n t i n u e d  t o  c o o p e r a t e  w i t h  the  other a g e n c i e s ,  i n c l u d i n g  
t h e  M i n i s t e r  o f  A g r i c u l t u r e  o n  g u i d a n c e  f o r  s o i l s  u s e  and 
i n t e r p r e t a t i o n s  o n  f i e l d  t r i p s .  W e  a s s i s t e d  t h e  German , Cooper  a t i o n ,  
w i t h  D r .  M u e l l e r  i n  d i s c u s s i n g  h y d r o g e o l o g y ,  D r .  M e r k t ,  i n  d i s c u s s i o n s  
o f  t h e  Q u a t e r n a r y  g e o l o g y  a n d  Mr. S t r o e b i n g  i n  terms o f  p a r t i c l e  s i z e  
a n a l y s i s  i n  d i s c u s s i o n  o f  i n f i l t r a t i o n  r a t e s  a t  t h e  c h a n n e l s .  W e  
c o o p e r a t e d  w i t h  FAO, M r .  S o r e n t i  a n d  Px. A l s a u e '  o f  T u n i s i a  o n  an 
a g r i c u l t u r  a1 d e v e l o p m e n t  p l a n .  W e  c o o p e r a t e d  w i t h  C a t h o l i c  R e l i e f  
S e r v i c e s ,  Mr. B o u r a s s a ,  o n  p l a c e m e n t  o f  w e l l s  a n d  a g r i c u l t u r a l  s i t e s  
o n  a  Food f o r  Work P r o g r a m .  F i n a l l y ,  a l l  o f  t he  e f f o r t  toward  
a c h i e v i n g  au tonomy w a s  p o s i t i v e l y  a c h i e v e d  a n d  the l a b o r a t o r y  i s  now a 
l ega l  s u b - e n t i t y  d i r e c t l y  u n d e r  t h e  M i n i s t r y  o f  A g r i c u l t u r e  a n d  R u r a l  
Deve lopment .  

111. M o d i f i c a t i o n s  i n  t h e  P l a n  a n d  T h e i r  C o n s e q u e n c e s  ---- 
T h e  q u e s t i o n  o f  t h e  a c c e s s i b i l i t y  o f  t h e  random s a m p l e  s i t es  b y  

v e h i c l e  p r o v e d  i n a d e q u a t e .  Thus  t h e  p l a n s  w e r e  m o d i f i e d  t o  c o n p l e t e  
t h e  s o i l  s a m p l i n g  by h e l i c o p t e r .  T h i s  w a s  t o  m a k e  r p e p a r a t i o n s  for 
t h e  d a t a  n e c e s s a r y  t o  c o m p l e t e  t h e  mapping .  The  d e l a y  i n  h e l i c o p t e r  
a v a i l a b i l i t y  c a u s e d  t h e  d e l a y  of mapping  t h e  n o r t h e r n  h a l f  o f  D j i b o u t i  
a t  1 : 1 0 0 , 0 0 0  a n d  f i n i s h i n g  t h e  map f o r  t h e  Deydey a n d  Damerajoq 
w a t e r s h e d s  a t  a scale o f  1 : 2 5 , 0 0 0 .  Bu t  w i t h  t h i s  i n f o r m a t i o n  now 
c o l l e c t e d ,  we s h o u l d  p r o c e e d  t o  do s o i l s  i n t e r p r e t a t i o n s  a n d  s o i l s  
mapping  s o o n .  

I V .  O b s t a c l e s  M e e t i n q  t h e  - O b j e c t i v e s  

One o f  the  o b s t a c l e s  which  p r e v e n t e d  m e e t i n g  t h e  o b j e c t i v e s  w a s  
t h e  l a c k  o f  p r o p e r  l l O V  6OHz e l e c t r i c i t y .  Though t h e  e q u i p m e n t  h a s  
a r r i v e d ,  t h e  f a c i l i t i e s  h a v e  n o t  b e e n  b u i l t  t o  i n s t a l l  t h e  g e n e r a t o r .  
A s  a  c o n s e q u e n c e ,  t h e  other l a b o r a t o r y  e q u i p m e n t  t h a t  h a s  b e e n  
i n s t a l l e d  h a s  b e e n  l i m i t e d  t o  t h a t  which  has b e e n  a d a p t a b l e  t o  t h e  
i n v e r  tor w h i c h  I h a v e  s u p p l i e d .  



Another obs tac le  t o  meeting the  objec t ives  was t h e  time used by 
M r .  Douale t o  e s t ab l i sh  autonomy. This was time taken from necessary 
t r a i n i n g  and a l so  production i n  mapping. The r e s u l t s  were t he  
solu t ion  t o  t he  problem of t he  l ega l  s t a t u s  of the  laboratory and t he  
problem of a  necessary budget for  t h e  laboratory t o  acconplish i t s  
work a f t e r  t h i s  p ro jec t  i s  over.  I n  the  meantime, t h i s  i s  causins 
more time i n  administrat ive organizat ion which continues t o  d e t r a c t  
from t r a in ing  and work accomplishment. 

Another problem which has been encountered has been locat ing  an 
e lec t ron ics  or  e l e c t r i c a l  expert  who i s  ab le  t o  repa i r  t he  equipment 
when t he r e  i s  minor malfunction. I t  i s  hoped t h a t  one i s  present ly  
located and we a r e  checking h i s  work on one of t he  instruments t h a t  i s  
malfunctioning . Also, demands for  specia l  r epo r t s  and spec ia l  
a s s i s t ance  by other  agencies have t o  be monitored ca re fu l ly  or tFey 
tend t o  de t r ac t  from the  pace s e t  t o  accomplish the  goals.  

The counterpart  does not always apply himself t o  the  work and 
t r a in ing  when it i s  assigned, thus  delaying t he  implementation of t he  
next sequence of work and t r a in ing .  A new work schedule i s  attached 
designed t o  complete t he  ob jec t ives  of t h i s  projec t .  I t  i s  imperative 
t h a t  t h e  work and t r a in ing  and timing of t h i s  schedule be met or 
surpassed a s  prescribed.  

V. Plans for  t he  Coming Quar te r  -- 

I n  t he  coming quar te r ,  we expect t o  complete the 1:100,000 s c a l e  
s o i l s  map of Djibouti .  

We expect t o  complete t he  1:25,000 s ca l e  map of the  Deydey and 
D j  amer a j  og water sheds. 

We expect t o  complete the  ag r i cu l t u r a l  maps of Houmbouli and 
Douda ag r i cu l t u r a l  a reas  a t  a  s ca l e  of 1:5,000. 

We expect t o  measure t he  s o i l s  map. 

We expect t o  do s o i l s  i n t e r p r e t a t i o n s  for  ag r i cu l t u r a l  an$ ranqe 
use. 

We expect t o  i n i t i a t e  water ana lys i s  t r a in ing .  

We expect t o  organize t he  s o i l  and water sampling co l l ec t ion  
procedures. 

We expect t o  continue t o  do s o i l  analys is  t r a in ing .  

We expect t o  compute t he  r e s u l t s  of ana lys i s  made i n  t he  
1 abor atory . 

We expect t o  e s t a b l i s h  t he  laboratory repor ts .  



W e  e x p e c t  t o  c o n t i n u e  t o  c o o p e r a t e  w i t h  o t h e r  a g e n c i e s .  

W e  a l s o  p l a n  t o  a n  Annua l  Work P l a n  f o r  t h e  coming y e a r .  

W e  e x p e c t  t o  c o m p l e t e  t h e  p r o j e c t  and s u b m i t  a  f i n a l  report by 
J u l y  2 5 ,  1 9 8 2 .  



QUARTERLY WORK PLAN - APRIL 25 - JULY 2 5 ,  1 9 8 2  --------- TIME FRAME -- 
C o m p l e t e  1 : 1 0 0 , 0 0 0  sca le  so i l s  map 

Goebel, D r a f t i n g  a n d  C o r r e c t i n g  
D o u a l e ,  Mapping  
O r n a r ,  M e a s u r i n g  

C o m p l e t e  1: 2 5 , 0 0 0  s o i l s  map 
Goebel, T r a i n i n g  and  D r a f t i n g  
D o u a l e ,  T r a i n i n g  a n d  Mapping  
Omar , M e a s u r i n g  

Set-Up E q u i p m e n t  
Goebel, D o u a l e ,  Omar 

C o m p l e t e  A g r i c u l t u r a l  Maps 1: 5 , 0 0 0  
Goebel, T r a i n i n g  a n d  D r a f t i n g  
R o l l i n s ,  Mapping  

F i n a l  Report 
Goebel 

S o i l s  I n t e r p r e t a t i o n s  
Goebel, D o u a l e  

Water A n a l y s i s  T r a i n i n g  
Goebel, D o u a l e ,  Omar 

S o i l  A n a l y s i s  T r a i n i n g  
Goebel, D o u a l e ,  Omar 

Compute  R e s u l t s  
Goebel, D o u a l e ,  Omar 

O r g a n i z e  S o i l  a n d  Water S a m p l e  C o l l e c t i o n  
Goebel, D o u a l e  

E s t a b l i s h  L a b o r a t o r y  R e p o r t s  
Goebel, D o u a l e  

A n n u a l  Work P l a n  
Goebel, D o u a l e ,  Omar 

Apr .  2 4  t h r u  May 1 5  
Apr .  2 4  t h r u  May 8 
May 1 t h r u  May 2 9  

May 1 5  t h r u  May 2 9  
May 1 5  t h r u  May 2 2  
May 2 9  

J u n e  5  

Apr .  2 4  t h r u  May 2 9  
Apr .  2 4  t h r u  J u n e  5  

May 8 t h r u  May 2 9  

J u n e  1 2  

J u n e  1 2  t h r u  J u n e  1 9  

J u n e  2 6  t h r u  J u l y  3 

J u l y  10 

1 1 4  - J u l y  1 7  

1 / 2  - J u l y  1 7  

1 1 4  - J u l y  1 7  



QUARTERLY REPORT 

To : Ellsworth Amundson, U ~ ~ ~ ~ / ~ j i b o u t i  Date: Auqust 1, 1982 

From : Dr. Joseph Goebel, Projec t  Managewr, RDA 

Subject: Quar ter ly  Report, Djibouti  ~ o i l / ~ a t e r  Project  

This repor t  i s  t he  e ighth  and f i n a l  quarter which covers t h e  period 
April 25, 1982 t o  August 1, 1982. 

I .  Work Original ly  Scheduled for  t he  ~ i a h t h  Quar ter  --- 
During t h i s  quar ter  we expected t o  complete the  1 :loo, 000 s c a l e  

s o i l s  map of Djibouti .  

We expected t o  complete the  1:25,000 sca le  map of the  Deydey and 
Damer a j  og water sheds. 

We expected t o  complete the  agr icu l tu ra l  map of Houmbouli and 
Douda ag r i cu l tu r a l  areas  a t  a s ca l e  of 1:5,000. 

We expected t o  measure the  s o i l s  map. 

We expected t o  do t he  s o i l s  in te rpre ta t ions  for a g r i c u l t u r a l  and 
range use. 

We expected t o  i n i t i a t e  water analysis  t r a in ing .  

We expected t o  organize the  s o i l  and water sample co l l ec t i on  
procedur es  . 

We expected t o  continue t o  do s o i l  analysis  t r a in ing .  

We expected t o  compute the  r e s u l t s  of t h e  analys is  made i n  the  
laboratory . 

We expected t o  e s t ab l i sh  t he  laboratory repor ts .  

We expected t o  continue t o  cooperate with other agencies. 

We a lso  planned t o  do an Annual Work Plan for the  coming year. 

We. expected t o  complete the  projec t  and submit the  f i n a l  repor t  
by Ju ly  30, 1983. 

We expected t o  s e t  up the  equipment. 

We expected t o  do s o i l  in te rpre ta t ions  for the  s o i l s  s e r i e s  of 
Djibouti .  



11.. Work Accompl i shed  

D u r i n g  t h i s  q u a r t e r  w e  c o m p l e t e d  t h e  1 :100 ,000  sca le  so i l s  map 
o f  t h e  R e p u b l i c  o f  D j i b o u t i .  

W e  c o m p l e t e d  t h e  1 :25 ,000  maps o f  t h e  Peydey a n d  Damerajoq 
w a t e r s h e d s .  

W e  c o m p l e t e d  t h e  a g r i c u l t u r a l  o w n e r s h i p  map o f  t h e  Douda 
a g r i c u l t u r a l  area a n d  some work r e m a i n s  on t h e  Houmbouli  a g r i c u l t u r a l  
area a t  1 :5 ,000 .  

W e  measu red  t h e  s o i l s  :maps. 

W e  d i d  t h e  i n t e r - r e l a t i o n s  o f  t h e  m a j o r  s o i l  series f o r  
a g r i c u l t u r e  and  r a n g e  u s e .  

W e  i n i t i a t e d  water a n a l y s i s  t r a i n i n g  a t  t h e  e n d  o f  t h e  q u a r t e r  
w i t h  t h e  a s s i s t a n c e  o f  USDA S o i l  C o n s e r v a t i o n  S e r v i c e  p e r s o n n e l .  

W e  worked w i t h  the  USDA p e r s o n n e l  t o  o r g a n i z e  t h e  s a m p l i n g  o f  
s o i l  a n d  w a t e r .  

W e  c o n t i n u e d  s o i l  a n a l y s i s  t r a i n i n g  w i t h  t h e  a s s i s t a n c e  o f  t h e  
S o i l  C o n s e r v a t i o n  S e r v i c e  USDA p e r s o n n e l .  

W e  computed t h e  r e s u l t s  o f  t h e  a n l y s i s  t h a t  w e  made i n  t h e  
l a b o r a t o r y  and  any  new a n a l y s e s  w i l l  be computed.  

W e  c o o p e r a t e d  w i t h  t h e  f o l l o w i n g  a g e n c i e s :  The  German M i s s i o n ;  
t h e  European  Economic Community M i s s i o n ;  t h e  A g r i c u l t u r a l  S e r v i c e ;  t h e  
C a t h o l i c  R e l i e f  S e r v i c e s ;  t h e  M i n i s t r y  o f  A g r i c u l t u r e  i n  Garden  S i t i n q  
a t  Yoboki  a n d  g a v e  c o u n s e l i n g  f o r  o r g a n i z i n g  t h e  n a t i o n a l  c e n s u s .  

W e  w r o t e  a n  Annual  Work P l a n  f o r  t h e  coming y e a r .  

W e  b a l a n c e d  t h e  s o i l s  and  w a t e r s h e d  areas t o  d e t e r m i n e  how much 
o f  e a c h  s o i l  i s  p r e s e n t  i n  t h e  c o u n t r y .  

W e  w r o t e  t h e  i n i t i a l  F i n a l  Report. 

W e  s e t  u p  t h e  equ ipmen t  and  g o t  t h e  a l t e r n a t o r  a t  110V, 60Hz 
p r o d u c t i o n  i n s t a l l e d .  

W e  made r e c e i v i n g  forms and  h a v e  f i l l e d  them o u t  f o r  a l l  t h e  
samples t h a t  w e  h a v e  r e c e i v e d .  

T r a i n i n g  w a s  g i v e n  o f  r e m o t e  s e n s i n g  by way o f  p h o t o  
i n t e r p r e t a t i o n  a n d  p h o t o  t r a n s f e r  and  map c o n s t r u c t i o n  f o r  t h e  Deydey 
w a t e r s h e d .  

I made a f i e l d  t r i p  g u i d e  f o r  t h e  a g r i c u l t u r a l  p o s i t i o n s  f o r  
d e v e l o p i n g  p o t e n t i a l  a g r i c u l t u r a l  s i tes  from D j i b o u t i  t o  E a l i  S a b i e h .  



111. M o d i f i c a t i o n s  i n  t h e  P l a n  a n d  T h e i r  C o n s e q u e n c e s  ----- 
D e l a y  i n  i n s t a l l i n g  t h e  a l t e r n a t o r  t o  p r o d u c e  t h e  n e c e s s a r y  l l O V ,  

60Hz c y c l e  e l e c t r i c i t y  r e q u i r e d  p o s t p o n i n g  t r a i n i n g  i n  s o i l  a n d  w a t e r  
a n a l y s i s  u n t i l  J u l y  a n d  A u g u s t  a n d  a n o t h e r  s e s s i o n  l a t e r .  This 
r e q u i r e d  t h a t  we d e v e l o p  a n  a l t e r n a t i v e  p l a n  t o  accomplish some more 
t r a i n i n g  i n  t h e  l a b o r a t o r y  t e c h n i q u e s  a n d  p r o c e d u r e s .  

IV. Obstacles - t o  K e e t i n q  t h e  O b j e c t i v e s  - 
T h e  f i r s t  obstacle  i s  t h a t  t h e  l a b o r a t o r y  be a u t o n o m o u s  f r o m  

G e n i e  R u r a l  h a s  s t i l l  b e e n  a w a r d e d  n o  b u d g e t .  As a r e s u l t ,  t h e r e  a r e  
i n s u f f i c i e n t  f u n d s  t o  m e e t  t h e  d a y - t o - d a y  r e q u i r e m e n t s  o f  t h e  
l a b o r a t o r y .  T h e  l a b o r a t o r y  does h a v e  a v a i l a b l e  t h e  o n e  m i l l i o n  
D j i b o u t i  F r a n c s  t h a t  were a l l o c a t e d  l a s t  y e a r  a n d  w h i c h  a r e  b e i n g  u s e d  
v e r y  j u d i c i o u s l y .  

F u r t h e r ,  t h e  p e r s o n n e l  h a v e  n o t  b e e n  a s s i g n e d  t o  t h e  l a b c r a t o r y ,  
n e i t h e r  t h e  p e r s o n n e l  w h i c h  I work  w i t h  w h i c h  h a v e  b e e n  a s s i g n e d  t o  
t h e  A g r i c u l t u r a l  S e r v i c e  n o r  t h e  n e c e s s a r y  new p e r s o n n e l  t h a t  h a s  b e e n  
r e q u e s t e d  i n  t h e  new l a b o r a t o r y  P l a n  a n d  B u d g e t .  

T h e  c o n s t r u c t i o n  o f  t h e  l a b o r a t o r y  a s  w e l l  a s  t h e  i n s t a l l a t i o n  of 
t h e  a l t e r n a t o r  b y  G e n i e  R u r a l  w a s  f a r  too s l o w .  T h e  a l t e r n a t o r  w a s  
n o t  i n s t a l l e d  u n t i l  f o u r  m o n t h s  a f t e r  i t s  a r r i v a l  w i t h  c o n s t a n t  
a t t e n t i o n  t o  g e t t i n g  t h e  men t o  g e t  t h e i r  work f i n i s h e d .  

F u r t h e r  , t h e r e  h a v e  b e e n  n o  b o o k s  a c q u i r e d  y e t  f o r  t h e  l i b r a r y ,  
t h o u g h  t h e  b o o k s  a r e  o n  order. As a c o n s e q u e n c e ,  t h e  c o n s u l t i n q  
p e d o l o g i s t  w i l l  l e a v e  h i s  b o o k s  b e h i n d  f o r  t h e i r  u s e  u n t i l  t h e  new 
b o o k s  a r r i v e .  

V. P l a n s  f o r  t h e  Coming Q u a r t e r  -- 
S i n c e  t h i s  i s  t h e  f i n a l  q u a r t e r  of t h e  c o n t r a c t ,  t h e  n e x t  

Q u a r t e r l y  Report w i l l  be p r e s e n t e d  b y  t h e  C h i e f  o f  t h e  L a b o r a t o r y ,  Mr. 
A b o u b a k e r  D o u a l e ,  who h a s  n o t  b e e n  a s s i g n e d  as C h i e f  of t h e  L a b o r a t o r y  
a s  y e t .  T h e r e f o r e ,  t h e  laboratory i s  w i t h o u t  t h e  n e c e s s a r y  
leader s h i p .  

I t  i s  a n t i c i p a t e d  d u r i n g  t h e  n e x t  q u a r t e r  t h a t  two  w e e k s  of 
a s s i s t a n c e  i n  t h e  f i r s t  p a r t  of A u g u s t  w i l l  be g i v e n  b y  t h e  S o i l  
C o n s e r v a t i o n  S e r v i c e ,  USDA a s s i s t a n c e  t o  U S A I D  for  t h e  l a b o r a t o r y .  

T h e  p e r m a n e n t l y  a s s i g n e d  p e r s o n n e l  a t  t h e  l a b o r a t o r y  w i l l  t a k e  a t  
l e a s t  t w o  m o n t h s  of v a c a t i o n  d u r i n g  t h e  l a t t e r  p a r t  of t h e  q u a r t e r .  

T h e r e  w i l l  be some t r a i n i n g  for M r .  Doua l  e. I n  t h e  m e a n t i m e ,  t h e  
p r i n c i p a l  p e d o l o g i s t  c o n s u l t a n t  w i l l  work  o n  t h e  F i n a l  R e p o r t  i n  
b r i n g i n g  up  t h e  d a t a  a n d  i n f o r m a t i o n  t o  make it p r e s e n t a b l e  i n  
J a n u a r y .  



V I .  P e r s o n n e l  E v a l u a t i o n  

The  l a b o r a t o r y  s t a f f  d i d  n o t  grow a s  a n t i c i p a t e d  i n  o u r  b u d q e t  
r e q u e s t s .  T h i s  i n  a  l a r g e  p a r t  l e a v e s  some q u e s t i o n  a s  t o  t h e  
commitment t h a t  t h e  Government  o f  D j i b o u t i  h a s  t oward  a s s u m i n g  t h e  
l a b o r a t o r y  a f t e r  o u t s i d e  a s s i s t a n c e .  The q u e s t i o n  i s  n o t  o n l y  t he  
l a c k  o f  p e r s o n n e l  b u t  t h e  l a c k  o f  f u n d i n g  o f  t h e  app roved  b u d g e t .  

Two p e r s o n s  o n  t h e  s t a f f  c a n  be e v a l u a t e d .  The f i r s t  i s  t h e  
C h i e f  and p r i n c i p a l  d e g r e e - t r a i n e d  p e d o l o g i s t  a s s i g n e d  t o  t h e  p r o j e c t ,  
Mr. Aboubaker Doua l e .  Mr. Doua l e  i s  a n  i n t e l l i g e n t  man. H e  i s  
p l e a s a n t  and  s e n s i t i v e .  H e  h a s  b e e n  w e l l - t r a i n e 2  i n  p e d o l o g y  and i n  
g e n e r a l  e d u c a t i o n .  H e  i s  a  commi t t ed  p e r s o n .  H e  i s  h o n e s t .  H e  i s  
d e d i c a t e d  t o  h i s  work.  H e  i s  c o m p e t e n t .  H e  i s  i n t e r e s t e d  i n  t h e  
s u b j e c t  and i s  c a p a b l e  o f  h a n d l i n g  h i s  j ob .  H e  d o e s  need  some more 
t r a i n i n g  and d e v e l o p m e n t  i n  s u p e r v i s i o n / m a n a g e m e n t  -- t w o  s k i l l s  w h i c h  
h e  w i l l  be r e q u i r e d  t o  u s e  and  i n  wh ich  h e  i s  d e f i c i e n t .  H e  n e e d s  t o  
d e v e l o p  a  good work p l a n  and  f o l l o w  t h e  p l a n  as h e  a s s i g n s  t h e  work t o  
h i m s e l f .  H e  h a s  t o  s t i c k  t o  h i s  p l a n s .  H e  d o e s  need  t i m e  and  h e l p  t o  
m a t u r e  and g e t  t h e  p e r s p e c t i v e  o f  t h e  l a b o r a t o r y  unde r  c o n t r o l .  H e  i s  
p r e s e n t l y  a b l e  t o  e x e c u t e  a l l  t h e  r e q u i r e m e n t s  o f  t h e  l a b o r a t o r y  a n d  
t h e  s o i l  s u r v e y .  Though a d v a n c e d  t r a i n i n g  on  t h i s  s u b j e c t  a t  t h e  
g r a d u a t e  l e v e l  i s  n e c e s s a r y  for him t o  e x e c u t e  t h e  added  
r e s p o n s i b i l i t i e s ,  t h a t  w i l l  come w i t h  t i m e .  H e  w i l l  a l s o  need  more  
e x p e r i e n c e  and he mus t  h a v e  t i m e  t o  g a i n  c o n t r o l  o f  h i s  p o s i t i o n .  
G i v e n  t i m e ,  he w i l l  make t h e  l a b o r a t o r y  o p e r a t e  w e l l .  

The o t h e r  p e r s o n  i s  F a r a h  Omar. F a r a h  i s  a  p l e a s a n t ,  e a g e r ,  
d i l i g e n t ,  and  p a t i e n t  i n d i v i d u a l  who r e c e i v e s  t r a i n i n q  w e l l .  H e  i s  
d e d i c a t e d  and r e l i a b l e  i n  h i s  job. H i s  backg round  i s  l i m i t e d ,  
e s p e c i a l l y  i n  g e t t i n g  h i m  t r a i n e d .  H e  a n t i c i p a t e s  wha t  i s  t o  happen  
when t h e  t r a i n i n g  i s  g i v e n  and  t h e r e f o r e ,  h e  r e q u i r e s  c a r e f u l  
i n s t r u c t i o n s  under  close s u p e r v i s i o n  t o  be sure t h a t  he e x e c u t e s  t h e  
work a s s i g n e d  and as d e s c r i b e d .  Once t r a i n e d ,  he i s  a  v e r y  a c c u r a t e ,  
r e l i a b l e ,  and d i l i g e n t  w o r k e r .  When h e  r e t u r n s  t o  work p r e v i o u s l y  
p e r f o r m e d ,  h e  n e e d s  a good c a r e f u l  r e v i e w  o n  how t o  d o  t h e  work.  Wi th  
c a r e f u l  s u p e r v i s i o n ,  F a r a h  Omar w i l l  d o  a l l  work needed  f o r  t h e  
l a b o r a t o r y  a n a l y s i s  a n d  s o i l  s u r v e y  a s s i s t a n c e .  

T h e s e  t w o  men complement  each o t h e r  and n o r m a l l y  work w e 1 1  
t o g e t h e r .  They h a v e  a n  a c c e p t a b l e  r e s p e c t  f o r  e a c h  o t h e r .  From t i m e -  
to-time, t h e y  w i l l  need  h e l p  t o  r e c t i f y  t h e i r  p e r s o n a l i t y  d i f f e r e n c e s .  
They s h o u l d  r e s o l v e  t h e s e  d i f f e r e n c e s  w h i l e  t h e y  are  s m a l l ,  b e f o r e  
t h e y  g e t  o u t  o f  p r o p o r t i o n .  

O v e r a l l ,  I t h i n k  t h e  l a b o r a t o r y  has t h e  equ ipmen t ,  t h e  s t r u c t u r e ,  
a n d  t h e  p e r s o n n e l .  G iven  some more  t i m e  i t  w i l l  be a s u c c e s s f u l  and  
p r o d u c t i v e  l a b o r a t o r y ,  p r o b a b l y  t h e  best l a b o r a t o r y  i n  t h e  h o r n  o f  
A f r  ica .  



APPENDIX C-2 

ANNUAL WORK PLANS 

FIRST ANNUAL WORK PLAN -- 
T h i s  f i r s t  Annua l  Work P l a n  i s  e s s e n t i a l l y  a n  o u t l i n e ,  

d e s i g n e d  t o  l i s t  t h e  o b j e c t i v e s  and means of  o b t a i n i n g  t h o s e  
o b j e c t i v e s  for t h e  S o i l s  and  Water L a b o r a t o r y .  I t  l i s t s  j o b  
r e s p o n s i b i l i t i e s  and  s p e c i f i c  t a s k s  and  t h e  t i m e  and  p e o p l e  who 
w i l l  a c c o m p l i s h  t h o s e  t a s k s .  

A Work P l a n  i s  a p r o j e c t i o n  o f  t h e  t e a m ' s  p e r c e p t i o n  o f  work 
r e q u i r e m e n t s  and  how t h e y  w i l l  be a c c o m p l i s h e d  i n  t h e  coming 
y e a r .  P r o g r e s s  t o w a r d s  g o a l s  w i l l  be r e p o r t e d  q u a r t e r l y .  

To p l a c e  t h i s  Annua l  Work P l a n  i n  p e r s p e c t i v e ,  a n  
I m p l e m e n t a t i o n  P l a n  h a s  b e e n  a t t a c h e d  which  shows a  b r o a d e r  and  
more c o m p r e h e n s i v e  v i ew  o f  t h e  p r o j e c t e d  t i m i n g  o f  t h e  e f f o r t  
t o w a r d  s u c c e s s f u l l y  c o m p l e t i n g  t h e  p r o j e c t .  

O b j e c t i v e s  o f  t h e  S o i l s  a n d  Water T e s t i n ?  L a b o r a t o r y  -- 

T h e  so i l s  and  Water T e s t i n g  L a b o r a t o r y  h a s  b e e n  e s t a b l i s h e d  
w i t h  many o b j e c t i v e s  i n  mind .  A l l  o f  t h e  o b j e c t i v e s  a r e  d i r e c t e d  
t o w a r d  d e v e l o p i n g  a n  a g r i c u l t u r  a1 c a p a c i t y  i n  D j i b o u t i  u s i n g  
e x i s t i n g  s o i l  and  water r e s o u r c e s  t o  c o n t r i b u t e  t o  t h e  s o c i a l  and 
economic  d e v e l o p m e n t  o f  t h e  c o u n t r y  and r e d u c e  t h e  dependency  on 
n e i g h b o r i n g  c o u n t r i e s  for f o o d  s u p p l i e s .  

A g r i c u l t u r e  d e p e n d i n g  on  i r r i g a t i o n  w i l l  be t h e  m a j o r  
b e n e f i c i a r y  o f  t h e  l a b o r a t o r y  e f f o r t .  The h i g h - q u a l i t y  and  b r o a d  
c a p a b i l i t y  o f  t h e  e q u i p m e n t  a n d  p e r s o n n e l  makes t h e  l a b o r a t o r y  a n  
asset  for t h e  o t h e r  g o v e r n m e n t  a g e n c i e s  which  m i g h t  c h o o s e  t o  u s e  
i t s  f a c i l i t i e s .  

The p r i n c i p a l  a n a l y s i s  w i l l  be d i r e c t e d  t o w a r d  s o i l  
f e r t i l i t y  and  w a t e r  q u a l i t y .  L a b o r a t o r y  p e r s o n n e l  w i l l  c l a s s i f y ,  
map and  d e s c r i b e  t h e  s o i l s  o f  D j i b o u t i  a s  a n  i n v e n t o r y  o f  t h i s  
v a l u a b l e  r e s o u r c e .  They w i l l  c o l l e c t ,  c a t a l o u u e  and d i s s e m i n a t e  
i n f o r m a t i o n  o n  s u r f a c e  a n d  s u b s u r f a c e  h y d r o l o g y  and s o i l  a n a l y s i s  
d a t a .  They w i l l  i n t e r p r e t  t h e  h y d r o l o g i c  and  s o i l s  i n f o r m a t i o n  
f o r  t h e  p u r p o s e  o f  a g r  i c u l t u r  a1 deve lopmen t .  

Equipment ,  a m t e r  i a l s ,  s p a c e  and p e r s o n n e l  w i l l  be 
e s t a b l i s h e d ,  m a i n t a i n e d  and  improved  a s  n e c e s s a r y  f o r  h i g h -  
q u a l i t y  r e s u l t s  i n  s a m p l e  t e s t i n g  and i n t e r p r e t a t i o n  o f  t h e  
r e s u l t s .  

Means for A c h i e v i n g  t h e  O b j e c t i v e s  of t h e  S o i l  and  Water T e s t i n g  - ---- 
Labor  atorv 

P e r s o n n e l  a s s i g n e d  t o  t h e  l a b o r a t o r y  w i l l  i d e n t i f y  and  
d e f i n e  t h e  p o t e n t i a l  s o i l ,  water and human r e s o u r c e s  a v a i l a b l e  
f o r  a g r  i c u l t u r  a1 p r o d u c t i o n .  



Laboratory personnel  w i l l  f u r t h e r  t h e i r  e x p e r t i s e  by graduate  
education t o  a s su re  growth i n  t h e  c a p a b i l i t y  t o  accomplish high- 
q u a l i t y  a n a l y s i s  and i n t e r p r e t a t i o n s .  The l abora to ry  w i  11 
e s t a b l i s h  a  r e sea rch  cen te r  fo r  problems of s o i l  and water i n t e r -  
r e l a t i o n s h i p s  i n  D j ibou t i .  A l i b r a r y  of t e c h n i c a l  information 
s p e c i f i c  t o  Dj ibout i  and s o i l s  and water w i l l  be  e s t a b l i s h e d .  
Information gathered and der ived  about t h e  c o u n t r y ' s  s o i l s  and 
water w i l l  be  assembled, a s ses sed ,  summarized and disseminated i n  
an appropr i a t e  manner t o  o the r  agencies  and ind iv idua l s .  

Systems for  c o l l e c t i n g  samples and information on s o i l s  and 
water w i l l  be e s t a b l i s h e d .  Local t r a i n i n g  w i l l  be given t o  
personnel a s soc ia t ed  wi th  t h e  l abora to ry  t o  inc rease  t h e  q u a l i t y  
and q u a n t i t y  of a n a l y s i s  performed. A prel iminary inventory of 
t h e  s o i l s  of t h i s  country w i l l  be  made using previous s t u d i e s ,  
c u r r e n t  maps, a e r i a l  photographs and s a t e l l i t e  imagery. 

The d a t a  c o l l e c t e d  from t h e  s o i l s  inventory and t h e  s o i l  and 
water sample a n a l y s i s  w i l l  be used t o  e s t ima te  f u r t h e r  
requirements of t h e  s o i l  and water resources .  

Work Descr ip t ions  fo r  S o i l s  - and Water Laboratory Personnel 

Chief of t h e  Laboratory - Aboubaker Duale -- - 

The Chief of t h e  Laboratory i s  r e spons ib le  fo r  t h e  o v e r a l l  
i n t e r n a l  performance of t h e  S o i l s  and Water Laboratory.  He i s  t o  
a s s u r e  t h a t  t h e  l abora to ry  func t ions  smoothly and meets i t s  
o b j e c t i v e .  In  a d d i t i o n  t o  genera l  management of t h e  l abora to ry ,  
t h i s  person should be s p e c i f i c a l l y  r e spons ib le  for  t h e  n a t i o n a l  
s o i l s  inventory which inc ludes  desc r ib ing ,  c l a s s i f y i n g  and 
mapping and i n t e r p r e t i n g  t h e  s o i l s  of Dj ibout i .  He w i l l  r e c e i v e  
t r a i n i n g  on t h e  procedures  used i n  t h i s  labora tory  f o r  ana lyz ins  
s o i l  and water samples submitted.  He w i l l  i n t e r p r e t  t h e  r e s u l t s  
o f  t h e  l abora to ry  a n a l y s i s  and r e p o r t  t h e  r e s u l t s  t o  t h e  person 
o r  agency t h a t  submitted t h e  sample f o r  ana lys i s .  He w i l l  make 
genera l  r e p o r t s  t o  o the r  agencies  a s  wel l  a s  maintain a  t e c h n i c a l  
l i b r a r y  of t h e  information about s o i l s  and water of Dj ibout i .  He 
w i l l  e s t a b l i s h  r e sea rch  r e l e v a n t  t o  t h e  improvement of t h e  usage 
o f  s o i l s  and water r e sources .  He w i l l ,  from time t o  t ime, 
r e c e i v e  f u r t h e r  graduate  and s p e c i f i c  t r a i n i n g  necessary t o  
f u l f i l l  t h e  r e s p o n s i b i l i t i e s  of t h i s  pos i t ion .  

Senior Technical  Advisor - D r .  Joseph E .  Goebel - -  - 

The Senior Advisor w i l l  be r e spons ib le  fo r  t h e  l abora to ry  
achieving i t s  t e c h n i c a l  g o a l s  i n  s o i l s  and water ana lyses ,  s o i l  
inventory,  personnel  t r a i n i n g ,  l abora to ry  o rgan iza t ion ,  d a t a  
c o l  Lection, information d isseminat ion  and o v e r a l l  t e c h n i c a l  
c a p a b i l i t y .  He w i l l  f a c i l i t a t e  equipping t h e  s o i l s  l abora to ry .  
He w i l l  develop an i n i t i a l  annual work d e s c r i p t i o n .  He w i l l  
conduct a  s o i l  survey.  He w i l l  a s s i s t  i n  t h e  p repa ra t ion  of 



repor t s  of t he  s o i l  survey. He w i l l  a s s i s t  i n  developing land- 
use recommendations. He w i l l  provide on-the- job t r a in ing  for t he  
laboratory d i r ec to r  and laboratory a s s i s t a n t  i n  s o i l  survey, s o i l  
and water ana lys i s ,  and report ing of r e s u l t s .  He w i l l  coordinate 
t h e  s o i l  and water sample co l l ec t ion  for ana lys i s  for donor 
agencies.  

S o i l  and Water Analyst - Farah Omar -- - 
This analys t  w i l l  be responsible  for  t he  accura te  ana lys i s  

of  t h e  s o i l  and water samples submitted t o  the  labora tory .  He 
w i l l  be responsib le  for material  and equipment . i lnventor i e s  i n  
t he  laboratory.  He w i l l  maintain the  laboratory f a c i l i t i e s  and 
procedures i n  high-quality condition t o  assure  high-qual i ty t e s t  
r e s u l t s .  He w i l l  receive t r a in ing  i n  s o i l  and water analys is .  
Fur ther ,  he  w i l l  become acquainted with t he  s o i l s  of Djibouti  
with t r a in ing  i n  s o i l  survey. He w i l l  rece ive  fur ther  formal 
t r a i n i n g  as  i s  necessary t o  meet h i s  r e s p o n s i b i l i t i e s .  

Technical Ass i s tan t s  People With Post-Secondary Tra in ing)  

These personnel w i l l  a s s i s t  i n  the  laboratory t o  maintain 
t h e  f a c i l i t i e s  a t  high standards and keep t he  mater ia ls  and 
suppl ies  i n  exce l l en t  condition. They w i l l  a l s o  a s s i t  i n  simple 
rou t i ne  preparat ion of materials  and samples, and i n  
ca lcu la t ions .  

Secretary (French Language Capab i l i ty )  

The sec re ta ry  w i l l  receive and process wr i t t en  and telephone 
messages. She w i l l  type andmai l  r epo r t s  a n d r e s u l t s .  She w i l l  
maintain t h e  l i b r a r y  for  checking t he  mater ia ls  out  a s  requi red .  
She w i l l  maintain an accurate  f i l e  system. 



Annual  Work P l a n  for 1980-1981 ---  Contempla t ed  P e r i o d  ( M O S .  ) 

I .  SET UP TIME 
I n v e n t o r y  o f  M a t e r i a l s  F i r s t  h a l f  o f  August  

Drawing P l a n s  f o r  t h e  Lab L a s t  h a l f  o f  August 

S u p e r v i s e  C o n s t r u c t i o n  o f  L a s t  h a l f  o f  September  
L a b o r a t o r y  t h r u  March 

Order  Lab M a t e r i a l s  L a s t  h a l f  o f  Aug., t h r u  
f i r s t  h a l f  Oc tobe r  

Order  S a t e l l i t e  Imagery F i r s t  h a l f  September  

I I. ESTABLISH LIBRARY 

Order  Books & Maps F i r s t  h a l f  September  

111. ANNUAL PLANNING 

Write Annual P l a n  L a s t  h a l f  November 

I V .  SOIL MORPHOLOGY & CLASSIF. 

F i e l d  Review F i r s t  3 / 4  Oc tobe r  

T rng .  P r o f i l e  Descr. 

D e s c r i b e / ~ a m p l e  3 0  S o i l s  

V. CARTOGRAPHY 

Draw S l o p e  Map 

Draw D r a i n a g e  Network Map 

Draw P r e l i m .  S o i l  Map 

Draw Random I n v  . Sample 

V I .  REMOTE SENSING TRAINING 

' A i r  P h o t o  I n t e r p r e t a t i o n  

S a t e l l i t e  Imagery I n t e r p .  

V I I .  LABORATORY IMPLEMENTATION 

November and December 

F i r s t  1 / 2  J a n  & a l l  Feb. 

F i r s t  3 / 4  J a n u a r y  

F i r s t  3/4  J a n u a r y  

F i r s t  h a l f  J a n u a r y  

Middle  2-wks J a n u a r y  

F i r s t  3 /4  March 

L a s t  3 / 4  March 

Equipment Set-Up A l l  o f  A p r i l  

T r n g .  Water Q u a l i t y  A n a l y s i s  May - J u n e  - J u l y  



IMPLEMENTATION PLAN 

1 9 7 9  

J a n u a r y  

F e b r u a r y  

Apr il 

J u n e  

1 9 8 0  
F e b r u a r y  

March 

J u l y  

A u g u s t  

O b j e c t i v e  R e s p o n s i b i l i t y  

P r o j e c t  p r o p o s a l  a p p r o v e d  AAO/D REDSO/EA 
P r o j e c t  A g r e e m e n t  s i g n e d  AAO/D REDSO/EA A I D / W  

P I O / T  i s s u e d  a n d  c o n t r a c t i n g  f o r  
t e c h .  s e r v i c e s  b e g i n  A I D / W  REDSO/EA 

V e h i c l e s  a n d  e q u i p m e n t  o r d e r e d  AAO/D REDSO/EA 

P r o j e c t  a g r e e m e n t  r e v i s e d  t o  i n c l u d e  
o n l y  t h e  S o i l s  & Water L a b o r a t o r y  AAO/D REDSO/EA 

H o u s i n g  f o r  t e c h n i c i a n  o b t a i n e d  AAO/ D 

C o n s t r u c t i o n  b e g i n s  o n  lab.  b l d g .  GROD 

E q u i p m e n t  a r r i v e s  AAO/D GROD 

T e m p o r a r y  c o n t r a c t  s i g n e d  f o r  
t e c h .  a s s i s t a n c e  

REA/AAO/D REDSO/EA 
A I D / W  GROD 

D e g r e e - t r a i n e d  D j i b o u t i a n  p e d o l o g i s t  GROD 
a s s i g n e d  

L a b o r a t o r y  mater i a l  i n v e n t o r i e d  

L a b o r a t o r y  f a c i l i t i e s  l a y o u t  & 
r e q u i r e m e n t s  d e f i n e d  

S e p t e m b e r  O r d e r  c h e m i c a l s ,  materials ,  f i e l d  
e q u i p m e n t  a n d  s a t e l l i t e  i m a g e r y  

C o n s t r u c t  laboratory f a c i l i t i e s  

O c t o b e r  S i g n  f i n a l  c o n t r a c t  a g r e e m e n t  

November Write A n n u a l  Work P l a n  

G i v e  t r a i n i n g  i n  s o i l  d e s c r i p t i o n  
a n d  c l a s s i f i c a t i o n  

December C o n t i n u e  t r a i n i n g  i n  s o i l s  

RDA GENIE Rur a1 

RDA GENIE R u r a l  

RDA GENIE F u r a l  
AAO/D 

GROD 

RDA AAO/D REDSO/EA 
A I D / W  GROD 

RDA GENIE R u r a l  

RDA GENIE Pur  a1 

PDA GENIE R u r a l  



IMPLEMENTATION PLAN ( c o n t i n u e d )  

1 9 8 1  - O b j e c t i v e  R e s p o n s i b i l i t y  

J a n u a r y  G ive  t r a i n i n g  i n  s o i l  c a r t o g r a p h y  RDA GENIE R u r a l  
Make p r e l i m i n a r y  s o i l s  map RDA 
Draw Random S o i l  I n v e n t o r y  Samples  RDA 
W r  i t e  Q u a r t e r  l y  R e p o r t  RDA 

F e b r u a r y  C o l l e c t ,  d e s c r i b e  & c l a s s i f y  30 s o i l s  RDA GENIE R u r a l  
f o r  s o i l s  i n v e n t o r y  

March G i v e  t r a i n i n g  i n  r e m o t e  s e n s i n g  
I n s t a l l  l ab  e q u i p m e n t  

RDA GENIE R u r a l  
RDA GENIE R u r a l  

A p r i l  Wr i t e  Q u a r  ter  l y  R e p o r t  RDA 
R e c e i v e  e q u i p .  & materials  o r d e r e d  RCA GENIE R u r a l  

May-July E n t e r  d e t a i l e d  t r a i n i n g  i n  l a b  p ro -  RDA G E N I E  R u r a l  
c e d u r e s  & t e c h .  f o r  water q u a l i t y  tes ts  

W r  i t e  Annua l  Work ~ l a n / ~ u a r  t . R e p o r t  RDA G E N I E  R u r a l  

Aug-Sept E n t e r  d e t a i l e d  t r a i n i n g  f o r  l a b  p ro -  
c e d u r e s  a n d  t e c h .  f o r  s o i l  tests  RDA GENIE R u r a l  

O c t - D e c  Write Q u a r t e r l y  R e p o r t  RDA 

Do s m a l l  & medium-sca le  s o i l  s u r v e y  
i n v e s t i g a t i o n  RDA GENIE R u r a l  

1982  
J an -Feb  W r  i t e  Q u a r t e r  l y  R e p o r t  RDA 

C o n t .  s m a l l / m e d - s c a l e  s u r v e y  i n v e s t .  RDA G E N I E  R u r a l  

Mar c h  I n t e r p r e t  l a n d - u s e  f o r  a l l  so i l s  s t u d .  RDA GENIE R u r a l  

A p r i l  Compute the r e s u l t s  o f  s o i l / w a t e r  
a n a l y s i s  RDA GENIE R u r a l  
G i v e  t r a i n i n g  o n  r o u t i n e  lab  and 
s o i l s  r e p o r t s  RDA G E N I E  R u r a l  

May-Jun,e ~ e v i e w / s u m m a r  i z e /  s y n t h e s i z e  f i n a l  r e p .  RDA G E N I E  Rur a1 

J u l y  B r i n g  t h e  p r o j e c t  t o  c o n c l u s i o n  RDA/GENIE ~ u r  ~ ~ / A A O / D  

1983  
J a n u a r y  Lab.  A s s ' t .  f o r  6-Mo. OJT 

J u n e - J u l y  Fol low-up t e c h .  r e t u r n  v i s i t  
P r e s e n t  F i n a l  R e p o r t  
P r o j e c t  E v a l u a t i o n  

GENIE RURAL AAO/D 

RDA/GENIE Rur ~ ~ / A A O / D  
RDA 
AAO/D A I D  PEDSO/EA 



IMPLEMENTATION PLAN ( C o n t i n u e d )  

1983  O b j e c t i v e  R e s p o n s i b i l i t y  

Augus t  Tech.  a d v i s o r  w r i t e s  r e p o r t s  o n  v i s i t  RDA 

September  P e d o l o g i s t  b e g i n s  2-year  p o s t - g r a d .  
t r a i n i n g  GENIE R u r a l  A I D  

J u n e - J u l y  T e c h n i c a l  a d v i s o r  ' s f i n a l  fo l low-up  RDA G E N I E  R u r a l  
r e v i e w  o f  l a b o r a t o r y  and  a s s i s t s  
l a b  t e c h n i c i a n  w h i l e  p e d o l o g i s t  i s  
g o n e  

Augus t  T e c h n i c a l  A d v i s o r  w r i t e s  r e p o r t  o n  
v i s i t  RDA 

J u n e  P e d o l o g i s t  r e t u r n s  t o  resume l a b  
r e s p o n s i b i l i t i e s  

GENIE R u r a l  



SECOND ANNUAL WORK PLAN -- 
This  i s  t h e  second Annual Work Plan designed t o  l i s t  t h e  

ob j ec t i ve s  and means of obtaining those ob jec t ives  for t he  S o i l s  anfi 
Water Laboratory. I t  l i s t s  job r e s p o n s i b i l i t i e s  and s p e c i f i c  t a sks ,  
a s  wel l  as ,  t h e  time and people who w i l l  accomplish those  t a sks .  

A work plan is a  p ro jec t ion  of t he  team's percept ion of what they 
w i l l  accomplish i n  t h e  coming year and how they w i l l  do t h e  work. 
Progress toward t h a t  goal  w i l l  be reported quar te r ly .  

To p lace  t h e  Annual Work Plan i n  perspect ive,  an Implementation 
Plan has  been at tached which shows a broader and more comprehensive 
view of t h e  projected timing of t he  e f f o r t  toward successfu l ly  
completing t h e  p ro j ec t .  

Object ives of t h e  S o i l  and Water Test ing Laboratory ---- 

The S o i l s  and Water Test ing Laboratory has  been es tab l i shed  with 
many ob jec t ives  i n  mind. A l l  of t h e  ob jec t ives  a r e  d i rec ted  toward 
developing an a g r i c u l t u r a l  capaci ty i n  Djibouti  using t he  s o i l  and 
water r e surces  t o  con t r ibu te  t o  t h e  soc ia l  and economic development of 
t h e  country and reduce t h e  dependency on neighboring coun t r i e s  for  
food suppl ies .  

Agricul ture depending on i r r i g a t i o n  w i l l  be t he  major benef ic ia ry  
o f  t h e  labora tory  e f f o r t .  The high-quality and broad capab i l i t y  of 
t h e  equipment and personnel makes t h e  laboratory an a s s e t  for  the  
o ther  government agencies  which might choose t o  use i t s  f a c i l i t i e s .  

The p r i nc ipa l  ana ly s i s  w i l l  be d i r c t ed  toward s o i l  f e r t i l i t y  and 
water qua l i t y .  The personnel w i l l  c l a s s i f y ,  map and descr ibe  t h e  
s o i l s  of Djibouti  a s  an inventory of t h i s  valuable resource.  I t  w i l l  
c o l l e c t ,  catalogue and disseminate information on sur face and 
subsurface hydrology and s o i l  analys is  data .  I t  w i l l  i n t e r p r e t  t h e  
hydrologic and s o i l s  information for the  purpose of agr i cu l  t u r  a1 
development. 

Equipment, mater ia ls ,  space and personnel w i l l  be e s tab l i shed ,  
maintained and improved as  necessary for  high-qual i ty  r e s u l t s  i n  
sample t e s t i n g  and i n t e r p r e t a t i o n  of t h e  r e s u l t s .  

Means for  Achieving t h e  Objectives of t h e  
S o i l s  - and Water Test ing ~abora to ry -  

Personnel assigned t o  t he  laboratory w i l l  e s t a b l i s h  t h e  po t en t i a l  
s o i l ,  water and human resources t o  be used here  for  a g r i c u l t u r a l  
production. 



L a b o r a t o r y  p e r s o n n e l  w i l l  f u r t h e r  t h e i r  e x p e r t i s e  by  a  q r a d u a t e  
e d u c a t i o n  t o  a s s u r e  g rowth  i n  t h e  c a p a b i l i t y  t o  accompl igh  h i a h -  
q u a l i t y  a n a l y s i s  and i n t e r p r e t a t i o n s .  The l a b o r a t o r y  w i l l  e s t a b l i s h  a 
r e s e a r c h  c e n t e r  f o r  p rob l ems  o f  s o i l  and water i n t e r - r  e l a t i o n s h i p s  i n  
D j i b o u t i .  A l i b r a r y  o f  t e c h n i c a l  i n f o r m a t i o n  s p e c i f i c  t o  D j i b o u t i  and  
so i l s  and water w i l l  b e  e s t a b l i s h e d .  I n f o r m a t i o n  g a t h e r e d  and d e r i v e s  
a b o u t  t h e  c o u n t r y ' s  s o i l  and water w i l l  b e  a s s e m b l e d ,  a s s e s s e d ,  
summarized and d i s s e m i n a t e d  i n  a n  a p p r o p r i a t e  manner t o  o t h e r  a g e n c i e s  
and  i n d i v i d u a l s .  

Sys t ems  f o r  c o l l e c t i n g  s a m p l e s  and i n f o r m a t i o n  o n  t h e  so i l s  and 
w a t e r  w i l l  b e  e s t a b l i s h e d .  L o c a l  t r a i n i n g  w i l l  be q i v e n  t o  p e r s o n n e l  
a s s o c i a t e d  w i t h  t h e  l a b o r a t o r y  t o  i n c r e a s e  t h e  q u a l i t y  and  q u a n t i t y  o f  
a n a l y s i s  p e r f o r m e d .  A p r e l i m i n a r y  i n v e n t o r y  o f  t h e  soils o f  t h i s  
c o u n t r y  w i l l  b e  made u s i n g  p r e v i o u s  s t u d i e s ,  c u r r e n t  maps, a e r i a l  
p h o t o g r a p h s  and s a t e l l i t e  image ry .  

The d a t a  c o l l e c t e d  from t h e  so i l s  i n v e n t o r y  and  t h e  s o i l  and 
w a t e r  s a m p l e  a n a l y s i s  w i l l  b e  u sed  t o  estimate f u r t h e r  r e q u i r e m e n t s  o f  
t h e  s o i l  and water r e s o u r c e s .  

Work - D e s c r i p t i o n s  f o r  S o i l  and  Water L a b o r a t o r y  P e r s o n n e l  --- 
Co-Respons ib l e  f o r  -- t h e  L a b o r a t o r y  - - Aboubaker  D u a l e  

T h i s  p e r  s o n  i s  r e s p o n s i b l e  f o r  t h e  o v e r a l l  i n t e r n a l  p e r f o r m a n c e  
o f  t h S o i l s  and  Water L a b o r a t o r y .  H e  i s  t o  a s s u r e  t h a t  t h e  l a b o r a t o r y  
f u n c t i o n s  smoo th ly  and  m e e t s  i t s  o b j e c t i v e .  B e s i d e s  t h e  q e n e r a l  
management o f  t h e  l a b o r a t o r y ,  t h i s  p e r s o n  w i l l  be s p e c i f i c a l l y  
r e s p o n s i b l e  f o r  t h e  n a t i o n a l  s o i l s  i n v e n t o r y  which  i n c l u d e s  
d e s c r i b i n g ,  c l a s s i f y i n g  and mapping and  i n t e r p r e t i n g  t h e  soils o f  
D j i b o u t i .  H e  w i l l  r e c e i v e  t r a i n i n g  o n  t h e  p r o c e d u r e s  u s e d  i n  t h i s  
laboratory f o r  a n a l y z i n g  so i l  and water s a m p l e s  s u b m i t t e d .  T h i s  
p e r s o n  w l l l  i n t e r p r e t  t he  r e s u l t s  of t h e  laboratory a n a l y s i s  and 
r e p o r t  t h e  r e s u l t s  t o  t h e  p e r s o n  or agency  t h a t  s u b m i t t e d  t h e  s ample  
f o r  a n a l y s i s .  H e  w i l l  make g e n e r a l  r e p o r t s  t o  other a g e n c i e s  as w e l l  
a s  m a i n t a i n  a t e c h n i c a l  l i b r a r y  o f  t h e  i n f o r m a t i o n  a b o u t  s o i l  and 
waters o f  D j i b o u t i .  H e  w i l l  e s t a b l i s h  r e s e a r c h  r e l e v a n t  t o  t h e  
improvement  o f  t h e  u s a g e  o f  s o i l s  and  water r e s o u r c e s .  H e  w i l l ,  from 
t i m e  t o  t i m e ,  r e c e i v e  f u r t h e r  g r a d u a t e  and  s p e c i f i c  t r a i n i n g  n e c e s s a r y  
t o  f u l f i l l  t h e  r e s p o n s i b i l i t i e s  o f  t h i s  p o s i t i o n .  

T e c h n i c a l  C o n s u l t a n t  Co-Respons ib le  - D r .  J o s e p h  & Goebel 

T h i s  p e r s o n  w i l l  be r e s p o n s i b l e  for t he  l a b o r a t o r y  a c h i e v i n g  i t s  
t e c h n i c a l  g o a l s  i n  s o i l  and water a n a l y s e s ,  s o i l  i n v e n t o r y ,  p e r s o n n e l  
t r a i n i n g ,  l a b o r a t o r y  o r g a n i z a t i o n ,  d a t a  c o l l e c t i o n ,  i n f o r m a t i o n  
d i s s e m i n a t i o n  and o v e r a l l  t e c h n i c a l  c a p a b i l i t y .  H e  w i l l  f a c i l i t a t e  
e q u i p p i n g  t he  soils l a b o r a t o r y .  H e  w i l l  d e v e l o p  a n  i n i t i a l  a n n u a l  
work d e s c r i p t i o n .  He w i l l  c o n d u c t  a so i l  s u r v e y .  H e  w i l l  assist  i n  
d e v e l o p i n g  l and -use  recommendat ions  . H e  w i l l  p r o v i d e  o n - t h e - j o b  



t r a i n i n g  f o r  t h e  l a b o r a t o r y  d i r e c t o r  a n d  l a b o r a t o r y  a s s i s t a n t  i n  s o i l  
s u r v e y ,  s o i l  a n d  w a t e r  a n a l y s i s ,  a n d  r e p o r t i n g  o f  r e s u l t s .  H e  w i l l  
c o o r d i n a t e  t h e  s o i l  a n d  w a t e r  s a m p l e  c o l l e c t i o n  f o r  a n a l y s i s  for d o n o r  
a g e n c i e s .  

S o i l  a n d  Water A n a l y s t  - F a r a h  O m a r  -- --- 
T h i s  p e r s o n  w i l l  be r e s p o n s i b l e  for t h e  a c c u r a t e  a n a l y s i s  o f  t h e  

s o i l  a n d  water s a m p l e s  s u b m i t t e d  t o  t h e  l a b o r a t o r y .  H e  w i l l  be 
r e s p o n s i b l e  f o r  mater ia l  a n d  e q u i p m e n t  i n v e n t o r i e s  i n  t h e  l a b o r a t o r y .  
H e  w i l l  m a i n t a i n  t h e  l a b o r a t o r y  f a c i l i t i e s  a n d  p r o c e d u r e s  i n  h i g h -  
q u a l i t y  c o n d i t i o n  t o  a s s u r e  h i q h - q u a l i t y  t e s t  r e s u l t s .  H e  w i l l  
r e c e i v e  t r a i n i n g  i n  s o i l  a n d  w a t e r  a n a l y s i s .  F u r t h e r ,  h e  w i l l  becme 
a c q u a i n t e d  w i t h  t h e  so i l s  of D j i b o u t i  w i t h  t r a i n i n g  i n  s o i l  s u r v e y .  
H e  w i l l  r e c e i v e  f u r t h e r  f o r m a l  t r a i n i n g  a s  i s  n e c e s s a r y  for h i m  t o  
m e e t  h i s  r e s p o n s i b i l i t i e s .  

H v d r o a e o l o u i s t  - ( O n e  P e r s o n  

G u i d e  a n d  ass is t  i n  water q u a l i t y  a n a l y s i s .  

T e c h n i c a l  A s s i s t a n t s  (Two P e o p l e  W i t h  P o s  t - S e c o n d a r y  T r a i n i n q )  

T h e s e  p e r s o n n e l  w i l l  assist  i n  t h e  l a b o r a t o r y  t o  m a i n t a i n  t h e  
f a c i l i t i e s  a t  h i g h  s t a n d a r d s  a n d  k e e p  t h e  materials  a n d  s u p p l i e s  i n  
e x c e l l e n t  c o n d i t i o n .  They  w i l l  a l so  assist  i n  s imple r o u t i n e  
p r e p a r a t i o n  o f  mater ia ls  a n d  s a m p l e s .  They  w i l l  ass is t  i n  
c a l c u l a t i o n s .  

S e c r e t a r y  

T h i s  p e r s o n  w i l l  h a v e  c a p a b i l i t y  i n  F r e n c h .  S h e  w i l l  r e c e i v e  a n d  
process w r i t t e n  a n d  t e l e p h o n e  m e s s a g e s .  S h e  w i l l  t y p e  a n d  m a i l  
reports a n d r e s u l t s .  S h e w i l l m a i n t a i n  t h e  l i b r a r y b y  c h e c k i n g  t h e  
mater ia ls  o u t  as  r e q u e s t e d .  S h e  w i l l  m a i n t a i n  a n  a c c u r a t e  f i l e  
s y s t e m .  



Annual Work P l a n  f o r  1981-1982 Contemplated Complet ion T i m e  (Mos ) --- 
I .  SET UP TIME August 

I n v e n t o r y  o f  M a t e r i a l  August 

Drawing P l a n s  f o r  t h e  Labora to ry  Compl e t e d  

S u p e r v i s e  Labora to ry  C o n s t r u c t i o n  Auq - S e p t  - Oct 

Order L a b o r a t o r y  Mater i a l s  Compl e t e d  

Order S a t e l l i t e  Imagery 

11. ESTABLISH LIBRARY 

Order Books and Maps 

111. ASiNUAL PLANNING AND BUDGET 

F i e l d  Reconna i s sance  

T r a i n i n g  i n  P r o f i l e  D e s c r i p t i o n  

D e s c r i b e  and Sample 4 5  S o i l s  

D e s c r i b e  and Sample Remaining 
50 S i t e s  

S e m i - d e t a i l  S o i l  Mapping Trng. 

S o i l  U s e  I n t e r p r e t a t i o n  

V e g e t a t i o n  I d e n t i f i c a t i o n  Trng. 

V.  CARTOGRAPHY 

Draw S l o p e  Map 

Draw Watershed Map 

Draw P r e l i m i n a r y  S o i l s  Map 

Draw Random Sample 

Draw 1:250,000 S c a l e  S o i l  Map 

Draw 1:100,000 S c a l e  S o i l  Map 

Draw 1 :25,000 S c a l e  Semi-de ta i l  
S o i l  Map 

Compl e t e d  

October 

Auqust 

Completed 

Completed 

Completed 

D e c  - J a n  - Feb 

Feb - Mar 

L a s t  Half March 

L a s t  Half  December 

Compl e t e d  

Completed 

Compl e t e d  

Completed 

L a s t  h a l f  September 

L a s t  Half  September 

L a s t  Half  March 



A n n u a l  W o r k  P l a n  for  1981-1982 ( c o n t ' d )  --- C o n t .  C o m p l e t i o n  T i m e  

V I .  REMOTE S E N S I N G  T R A I N I N G  

A e r i a l  Phot I n t e r p r e t a t i o n  

S a t e l l i t e  I m a g e r y  I n t e rp r e t a t i on  

D e l i v e r y  of t w o  P ro fe s s iona l  
Papers ( C a i r o )  

V I  I. LABORATORY I M P L E M E N T A T I O N  

E q u i p m e n t  S e t - U p  

T r a i n i n g  i n  W a t e r  Q u a l i t y  A n a l y s i s  

T r a i n i n g  i n  S o i l  T e s t i n g  

S o i l  and  W a t e r  S a m p l e  A n a l y s e s  

V I I I .  DATA A N A L Y S I S  

M a p  M e a s u r e m e n t  ( w a t e r s h e d / s l o p e )  
( s o i l  m a p )  

C o m p u t i n g  R e s u l t s  of A n a l y s e s  

E s t a b l i s h i n g  L a b o r a t o r y  R e p o r t s  

I X .  O R G A N I Z E  S O I L  AND WATER SAMPLE 
C O L L E C T I O N  AND D I S T R I B U T I O N  O F  
R E S U L T S  

X.  SUMMARY, R E V 1  EW , F I N A L  R E P O R T  

C o m p l e t e d  

C o m p l e t e d  

L a s t  H a l f  N o v e m b e r  

L a s t  H a l f  N o v e m b e r  

L a s t  H a l f  N o v e m b e r  

L a s t  1 / 2  M a y  & A p r i l  

L a s t  1 / 2  J u n e  & J u l y  

L a s t  H a l f  S e p t e m b e r  
L a s t  H a l f  M a y  

f l a y  

L a s t  H a l f  M a y  

L a s t  H a l f  J u n e  

A l l  of J u l y  



I M P L E M E N T A T I O N  P L A N  

O b j e c t i v e  R e s p o n s i b i l i t y  

J a n u a r y  P r o j e c t  proposal approved AAO/D REDSO/EA 

Projec t  A g r e e m e n t  s i gned .  AAO/D REDSO/EA A I D / W  

PIO/T i s s u e d  and c o n t r a c t i n g  for  
tech. services b e g i n  AID/W REDSO/EA 

February  V e h i c l e s  a n d  e q u i p m e n t  ordered AAO/D REDSO/EA 

A p r  il P r o j e c t  a g r e e m e n t  r ev i sed  t o  i n c l u d e  
o n l y  the  S o i l s  and W a t e r  L a b o r a t o r y  AAO/D REDSO/EA 

J u n e  H o u s i n g  for  t e c h n i c i a n  ob ta ined  AAO/D 

February  C o n s t r u c t i o n  b eg in s  o n  L a b .  b ldg .  GROD 

M a r c h  E q u i p m e n t  A r r i v e s  AAo/D GROD 

J u l y  T e m p o r a r y  con t rac t  s i g n e d  for  tech. RDA/AAO/D REDSO/EA 
ass is tance AID/W GROD 

T e c h n i c a l  ass is tance arr ives  RDA AAO/D 

A u g u s t  D e g r e e - t r a i n e d  D j  i b o u t i a n  pedologist  GROD 
a s s igned  

L a b o r a t o r y  m a t e r i a l  i n v e n t o r i e d  RDA G e n i e  R u r a l  
Laboratory f a c i l i t i e s  l ayou t  & re- 
q u i r e m e n t s  d e f i n e d  ~ ~ ~ / ~ e n i e  R u r  a l  

S e p t e m b e r  O r d e r  c h e m n i c a l s ,  m a t e r i a l s ,  f i e l d  ~ D ~ / ~ e n i e  ~ u r  a l / A A O / D  
e q u i p m e n t  and  s a t e l l i t e  i m a g e r y  

C o n s t r u c t  l abora tory  f a c i l i t i e s  GROD 

O c t o b e r  S i g n  f i n a l  c o n t r a c t  a g r e e m e n t  

E s t a b l i s h  l i b r a r y  
F i e l d  R e v i e w  of s o i l s  

RDA AAO/D REDSO/EA 
A I D / W  GROD 

RDA G e n i e  R u r a l  
RDA G e n i e  R u r  a1 

N o v e m b e r  Wr i t e  A n n u a l  W o r k  P l a n  RDA G e n i e  R u r a l  

G i v e  t r a i n i n g  i n  s o i l  d e s c r i p t i o n  
a n d  c l a s s i f i c a t i o n  RDA G e n i e  R u r a l  

D e c e m b e r  C o n t i n u e  t r a i n i n g  i n  s o i l s  RDA G e n i e  R u r  a1 



1 9 8 1  O b j e c t i v e  R e s p o n s i b i l i t y  

J a n u a r y  G i v e  t r a i n i n g  i n  s o i l  c a r t o g r a p h y  
Make p r e l i m i n a r y  s o i l s  map 
D r a w  Random S o i l  I n v e n t o r y  S a m p l e s  
Write Q u a r t e r l y  R e p o r t  

F e b r u a r y  Col lec t ,  describe & c l a s s i f y  3 0  s o i l s  
for  so i l s  i n v e n t o r y  

Nar ch G i v e  t r a i n i n g  i n  remote s e n s i n g  
I n s t a l l  lab e q u i p m e n t  

A p r i l  Write Q u a r t e r l y  R e p o r t  
R e c e i v e  e q u i p m e n t  & materials  o r d e r e d  

May-July  E n t e r  d e t a i l e d  t r a i n i n g  i n  l ab  p r o -  
c e d u r e s  & tech. for water q u a l i t y  
t e s t s  

Aug-Sept  E n t e r  de t a i l ed  t r a i n i n g  for lab  
p r o c e d u r e s  & t ec .  for s o i l  tes ts  

O c t - D e c  h'r i t e  Q u a r t e r l y  Report 
D o  s m a l l  & m e d i u m - s c a l e  so i l  s u r v e y  
i n v e s t i g a t i o n  

RDA G e n i e  R u r a l  
RD A 
RDA 
RDA 

RDA G e n i e  R u r a l  

RDA G e n i e  R u r a l  
RDA G e n i e  R u r a l  

RDA 
RDA G e n i e  R u r a l  

RDA G e n i e  R u r a l  

RDA G e n i e  R u r a l  

RD A 

RDA G e n i e  R u r a l  

J a n - F e b  Write Q u a r t e r l y  R e p o r t  RDA 
C o n t i n u e  s m a l l  & med-scale s u r v e y  
i n v e s t i g a t i o n  RDA . G e n i e  Rur a1 

March I n t e r p r e t  l a n d - u s e  for a l l  so i l s  
s t u d i e d  RDA G e n i e  Rur a1 

A p r  il G i v e  t r a i n i n g  o n  r o u t i n e  lab/soi ls  
reports  RDA G e n i e  R u r a l  

May-June Review,  s u m m a r i z e ,  s y n t h e s i z e  and  make RDA G e n i e  R u r a l  
f i n a l  r e p o r t s  

J u l y  . B r i n g  the  p r o j e c t  t o  c o n c l u s i o n  RDA G e n i e  R u r a l  AAO/D 

1 9 8 3  

J a n u a r y  L a b o r a t o r y  a s s ' t .  goes f o r  6-mo OJT G e n i e  R u r a l  A A O / D  

J u n e - J u l y  F o l l a w - u p  t e c h n i c a l  r e t u r n  v i s i t  RDA G e n i e  Rur a1 AAO/D 
P r e s e n t  F i n a l  Report RDA 
P r o j e c t  e v a l u a t i o n  AAO/D A I D  REDSO/EA 

A u g u s t  Tech.  a d v i s o r  writes r e p o r t s  o n  v i s i t  RDA 



Objective Responsibi l i ty  

September Pedologist begins 2-year post  
graduate t r a in ing  Genie Rural A I D  

June-July Technical Advisor ' s f i n a l  follow-up RDA Genie Rural 
review of laboratory and a s s i s t s  
lab technician while pedologist  i s  
gone 

August Technical Advisor wr i t es  r epo r t  on F.DA 
v i s i t  

1985 - 
June Pedologist r e tu rn s  t o  resume l a b  

r e spons ib i l i t i e s .  
Genie Rural 



Means for  Achieving t h e  Objectives of t h e  -- 
S o i l s  and Water Testing Laboratory 

Personnel assigned t o  the laboratory w i l l  e s t ab l i sh  t he  
po t en t i a l  s o i l ,  water and human resources t o  be used here  for 
ag r i cu l tu r a l  production. 

Laboratory personnel w i  11 further  t h e i r  exper t i se  by 
graduate education t o  assure growth i n  t he  capab i l i ty  t o  
accomplish high-quality analys is  and in t e rp re t a t i ons .  The 
laboratory w i l l  e s t ab l i sh  a  research center for problems of s o i l  
and water in te r - re la t ionsh ips  i n  Djibouti .  A l i b r a ry  of 
t echn ica l  information spec i f i c  t o  Djibouti  and s o i l s  and water 
w i l l  be es tabl ished.  Information gathered and derived about the  
count ry ' s  s o i l s  and water w i l l  be assembled, assessed,  summarized 
and disseminated i n  an appropriate manner t o  other agencies and 
individuals .  

Systems for co l l ec t i ng  samples and information on t he  s o i l s  
and water w i l l  be es tabl ished.  Local t r a in ing  w i l l  be given t o  
personnel associated with t he  laboratory t o  increase the  qua l i t y  
and quant i ty  of ana lys i s  per formed. A preliminary inventory of 
t h e  s o i l s  of t h i s  country w i l l  be made using previous s tud ies ,  
cur ren t  maps, a e r i a l  photographs and s a t e l l i t e  imagery. 

The da ta  col lec ted  from the  s o i l s  inventory and the  s o i l  and 
water sample analys is  w i l l  be used t o  est imate further  
requirements of t he  s o i l  and water resources.  

Work Descriptions for  So i l s  and Water Laboratory Personnel --- 
Co-Responsible for  t h e  Laboratory - Aboubaker Duale -- - 

This person i s  responsible for t he  ove ra l l  i n t e rna l  
performance of the So i l s  and Water Laboratory. He i s  t o  assure  
t h a t  the  laboratory functions smoothly and meets i t s  object ives .  
Besides the  general management of the  laboratory,  t h i s  person 
w i l l  be spec i f i ca l l y  responsible for t he  nat ional  s o i l s  inventory 
which includes describing,  c lass i fy ing  and mapping and 
in t e rp re t i ng  the s o i l s  of Djibouti .  He w i l l  rece ive  t r a in ing  on 
t h e  procedures used i n  t h i s  laboratory for analyzing s o i l  and 
water samples submitted. This person w i l l  i n t e r p r e t  t he  r e s u l t s  
of  t h e  laboratory ana lys i s  and repor t  the  r e s u l t s  t o  the  person 
o r  agency t h a t  submitted the  sample for analys is .  He w i l l  make 
general  r epo r t s  t o  other  agencies a s  well a s  maintain a  technical  
l i b r a r y  of the  information about s o i l  and water of Djibouti .  He 
w i l l  e s t ab l i sh  research re levant  t o  t h e  improvement of t he  usage 
of s o i l s  and water resources.  H e w i l l ,  from time t o  time, 
receive  fur ther  graduate and spec i f i c  t r a in ing  necessary t o  
f u l f i l l  t h e  r e s p o n s i b i l i t i e s  of t h i s  pos i t ion .  



S o i l  and Kater Analyst - Farah Omar -- --- 

This  person w i l l  be responsib le  for t h e  accura te  ana ly s i s  of 
t h e  s o l  and water samples submitted t o  t h e  labora tory .  He w i l l  
be responsib le  for  mater ia l  and equipment inven to r ies  i n  t h e  
labora tory .  He w i l l  maintain the  laboratory f a c i l i t i e s  and 
procedur e s  i n  high-qual i ty  condit ion t o  assure  h igh-qual i ty  t e s t  
r e s u l t s .  He w i l l  r ece ive  t r a i n ing  i n  s o i l  and water ana lys i s .  
Further ,  he w i l l  become acquainted with t h e  s o i l s  of Djibouti  
w i t h  fu r the r  t r a i n i n g  i n  s o i l  survey. He w i l l  r ece ive  fu r the r  
formal t r a i n i n g  as  i s  necessary for him t o  meet h i s  
r  e s p o n s i b i l i t i e s .  

Hydrogeologist - One Per son - -  
Guide and a s s i s t  i n  water qua l i t y  ana lys i s .  

Technical Ass i s t an t s  - Two People with Post-Secondary Tra in ing  - -  
These personnel w i l l  a s s i s t  i n  the  laboratory t o  maintain 

t h e  f a c i l i t i e s  a t  high standards and keep t h e  mate r i a l s  and 
supp l i es  i n  exce l l en t  condit ion.  They w i l l  a l s o  a s s i s t  i n  simple 
r o u t i n e  prepara t ion  of mater ia ls  and samples. They w i l l  a s s i s t  
i n  ca lcu la t ions .  

~ e c r  e t a ry  

This  person w i l l  have capab i l i ty  i n  French. She w i l l  
r ece ive  and process wr i t t en  and telephone messaqes. She w i l l  
type and mail r e p o r t s  and r e s u l t s .  She w i l l  maintain t he  l i b r a r y  
by checking the  mate r i a l s  out  a s  requested. She w i l l  maintain an 
accura te  f i l e  system. 



A n n u a l  Work P l a n  for  A u g - D e c ,  1982 --- 

I .  S E T  U P  T I M E  
I n v e n t o r y  of Material 

D r a w i n g  P l a n s  for t h e  
L a b o r a t o r y  

D o n e  

XXX 

XXX 

O r d e r  L a b o r a t o r y  M a t e r  i a l s  XXX 

O r d e r  S a t e l l i t e  I m a g e r y  XXX 

11. E S T A B L I S H  L I B R A R Y  

O r d e r  B o o k s  and  Maps XXX 

111. ANNUAL PLANNING AND BUDGET XXX 

I V .  S O I L  MORPHOLOGY AND 
C L A S S I F I C A T I O N  

F i e l d  R e c o n n a i s s a n c e  

T r a i n i n g  i n  P r o f i l e  
D e s c r i p t i o n  

D e s c r i b e / S a m p l e  4 5  S o i l s  

D e s c r  i b e / ~ a m p l e  r e m a i n i n g  
50 s i t e s  

V .  CARTOGRAPHY 

V I .  REMOTE S E N S I N G  T R A I N I N G  

V I I .  LABORATORY I M P L E M E N T A T I O N  

E q u i p m e n t  S e t - U p  

T r a i n i n g  i n  Water Q u a l i t y  
A n a l y s i s  

V I I I .  D A T A A N A L Y S I S  

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

I X .  ORGANIZE S O I L  AND WATER SAMPLE 
C O L L E C T I O N  AND D I S T R I B U T I O N  O F  
R E S U L T S  XXX 

X. SUMMARY, REVIEW,  AND I N I T I A L  
R E P O R T  XXX 



A n n u a l  Work P l a n  for  A u g - D e c ,  1982 ( c o n t ' d )  --- - 
D o n e  

XI. VACATION 
A .  D o u a l e  
F .  O m a r  
J .  G o e b e l  

XII. FINAL REPORT 
J. G o e b e l  XXX 

XXX 
XXX 
XXX 



APPENDIX C-3 - 

P r o j e c t  S t a t u s  R e p o r t  -- J a n u a r y  1 9 8 1  - 

TO: E l l s w o r t h  Amundson 
USAID 
D j i b o u t i  

FROM : D r .  J o s e p h  Goebe l  

SUBJECT: P r o j e c t  S t a t u s  R e p o r t  J a n u a r y  1 9 8 1  

A r e q u e s t  was made f o r  a  d e t a i l e d  s t a t u s  u p d a t e  o n  t h e  s o i l  
and  w a t e r  p r o j e c t  i n  D j i b o u t i .  The p u r p o s e  o f  t h i s  r e p o r t  i s  t o  
p u t  t h e  p r e s e n t  e f f o r t  o f  t h e  p r o j e c t  i n t o  p e r s p e c t i v e  r e l a t i v e  
t o  p a s t  o b j e c t i v e s  and deve lopmen t s .  

Summary Description of t h e  P r o j e c t  

T h e  Government o f  t h e  R e p u b l i c  o f  D j i b o u t i  h a s  r e q u e s t e d  A I D  
a s s i s t a n c e  i n  d e t e r m i n i n g  t h e  l ong - t e rm p o t e n t i a l  f o r  
a g r i c u l t u r a l  deve lopmen t .  By a n a l y z i n g  d a t a  o n  s o i l s  and  w a t e r  
r e s o u r c e s ,  D j i b o u t i a n  o f f i c i a l s  w i l l  b e  a b l e  t o  make r a t i o n a l  
economic  d e c i s i o n s  r e g a r d i n g  D j i b o u t i  ' s f u t u r e  deve lopmen t  i n  
f o o d  p r o d u c t i o n  and  w a t e r  and s o i l  c o n s e r v a t i o n .  

A p a u c i t y  o f  a c c u r a t e  and d e t a i l e d  i n f o r m a t i o n  f o r  
p r o v i d i n g  a sound d a t a  b a s e  i s  a  p r i m a r y  j u s t i f i c a t i o n  f o r  A I D  
a s s i s t a n c e  t o  D j i b o u t i  a t  t h i s  t i m e .  The n a t u r e  and  t i m i n g  o f  
A I D  a s s i s t a n c e  i s  p r e d i c t e d  on t h e  b e l i e f  t h a t  a g r i c u l t u r a l  
p o t e n t i a l  e x i s t s  i n  D j i b o u t i  and t h a t  American t e c h n i c a l  
a s s i s t a n c e ,  e v e n  i f  modes t ,  c a n  h a v e  a  s i g n i f i c a n t  i m p a c t  i f  
c o n c e n t r a t e d  o n  t h e  m o s t  b a s i c  r e s o u r c e  n e e d s  s u c h  a s  s o i l  and 
w a t e r .  

T h i s  p r o j e c t  w i l l  i n s t i t u t i o n a l i z e ,  t h r o u g h  
t r a i n i n g  w i t h i n  t h e  M i n i s t r y  o f  A g r i c u l t u r e ,  t h e  c a p a c i t y  t o  
u n d e r t a k e  s t u d i e s  s u p p o r t i v e  o f  long- te rm a g r i c u l t u r  a1 sector 
d e v e l o p m e n t ,  t h a t  is ,  t h e  c a p a c i t y  t o  d o  b a s i c  a p p l i e d  r e s e a r c h  
wh ich  has  immed ia t e  p r a c t i c a l  b e n e f i t s  t o  Dj i b o u t i a n  f a r m e r s .  
The  k e y  a s s u m p t i o n  i s  t h a t  i n i t i a l  r e s u l t s  w i l l  i n d i c a t e  t h e  
a g r i c u l t u r a l  i n p u t s  i n t o  which t h e  f a r m e r s  s h o u l d  i n v e s t  and  t h e  
e x t e n t  t o  which t h a t  i n v e s t m e n t  i s  e c o n o m i c a l l y  and  s o c i a l l y  
j u s t i f i a b l e .  

Dur ing  t h e  p r o j e c t ,  A I D  w i l l  p r o v i d e  t h e  f i n a n c i a l  r e s o u r c e s  
for  t h e  long - t e rm s e r v i c e s  o f  a  p e d o l o g i s t  w i t h  e x p e r i e n c e  i n  
h y d r o l o g y .  T h i s  a d v i s o r  w i l l  t r a i n  D j i b o u t i a n  c o u n t e r p a r t s  i n  
a n a l y s i n g  water s a m p l e s ,  t a k i n g  so i l  s a m p l e s ,  d i r e c t i n g  so i l  
a n a l y s i s ,  making s o i l s  i n v e n t o r y  and i n t e r p r e t i n g  t h e  r e s u l t s  t o  
f a r m e r s  who work t h o s e  so i l s .  H e  w i l l  a l s o  a s s i s t  i n  t h e  e s t a b -  



l i s h m e n t  o f  a w a t e r  a n d  so i l s  a n a l y s i s  l a b o r a t o r y  which  i s  b e i n g  
b u i l t  by t h e  D j i b o u t i a n  government .  

Bo th  l ong - t e rm o n - t h e - j o b  t r a i n i n g  and  s h o r t - t e r m  t h i r d  
c o u n t r y  p a r t i c i p a n t  t r a i n i n g  w i l l  b e  o f f e r e d  t o  D j i b o u t i a n  s t a f f  
o f  t h e  S o i l s  and  Water L a b o r a t o r y .  T h i s  s t a f f  w i l l  p r o v i d e  i t s  
r e s e a r c h  s e r v i c e s  t o  t h e  e x i s t i n g  a g r i c u l t u r a l  e x t e n s i o n  
s e r v i c e ,  a n d  i t s  a g e n t s  who w i l l ,  i n  t u r n ,  s u p p l y  p r o d u c t i o n  
i n f o r m a t i o n  t o  t h e  l a b o r a t o r y .  T h i s  s h a r i n g  o f  i n f o r m a t i o n  w i  11 
be o f  p r a c t i c a l  v a l u e  a n d  b e n e f i c i a l  t o  t h e  f a r m e r s .  I n  
a d d i t i o n ,  s u p p l e m e n t a r y  l a b o r a t o r y  equipment  and  s u p p l i e s  w i l l  be 
p u r c h a s e d  a s  w e l l  a s  t w o  p r o j e c t  v e h i c l e s  and  camping equ ipmen t .  
A i r c r a f t  r e n t a l ,  communic t ions ,  v e h i c l e  o p e r a t i o n  a n d  
ma in t enance ,  and  m i s c e l l a n e o u s  o p e r a t i n u  e x p e n s e s  w i l l  be 
f u r n i s h e d .  

I n  s u p p o r t  o f  t h i s  p r o j e c t ,  t h e  D j i b o u t i a n  Government i s  
c o n s t r u c t i n g  t h e  f a c i l i t i e s  f o r  t h e  S o i l s  a n d  Water L a b o r a t o r y  
a n d  p r o v i d i n g  equ ipmen t ,  s u p p l i e s ,  and  u t i l i t i e s .  F u r t h e r  it 
w i l l  s u p p l y  t h e  s e r v i c e s  o f  t h e  f o l l o w i n g  D j i b o u t i a n  l a b o r a t o r y  
p e r s o n n e l :  o n e  p e d o l o g i s t ,  o n e  laboratory t e c h n i c i a n ,  t w o  
l a b o r a t o r y  a s s i s t a n t s ,  o n e  l i b r a r i a n ,  b i l i n g u a l  s e c r e t a r y ,  
j a n i t o r  a n d  c u s t o d i a n .  T h e s e  t e c h n i c i a n s  a n d  f a c i l i t i e s  w i l l  
b a c k s t o p  t h e  ten-man A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e  which w i l l  
b r i n g  s o i l s  a n d  water s a m p l e s  a l o n g  w i t h  f i e l d  d a t a  t o  t h e  
l a b o r a t o r y  a n d  t a k e  p r a c t i c a l  a d v i c e  d e r i v e d  f rom t h e  l a b o r a t o r y  
f i n d i n g s  a n d  i n v e s t i g a t i o n s  back t o  t h e  f a r m e r s .  

Objec t ive  

The  o b j e c t i v e  o f  t h i s  j o i n t  v e n t u r e  i s  t o  i n s t i t u t i o n a l i z e  
w i t h i n  t h e  M i n i s t r y  o f  A g r i c u l t u r e  t h e  c a p a c i t y  t o  a n a l y z e  
s u r f a c e  a n d  g r o u n d  w a t e r  q u a l i t y ,  a n d  s o i l  f e r t i l i t y .   h he 
h y d r o l o g i c  i n f o r m a t i o n  w i l l  be compi l ed ,  c a t a l o g u e d  a n d  
d i s s e m i n a t e d  by t h e  German h y d o l o g i c  a s s i s t a n c e  p r o j e c t  i n  t h e  
same M i n i s t r y .  The v e n t u r e  w i l l  a l so  c l a s s i f y  so i l s ,  p r e p a r e  
s o i l s  maps a n d  p r o v i d e  e v a l u a t i o n  c o n c e r n i n g  t h e  p r o p e r  
u t i l i z a t i o n  o f  soils.  

I n  p r a c t i c a l  t e r m s ,  f a r m e r s  c a n  be a d v i s e d  o n  s o i l  
t r e a t m e n t s  t o  o b t a i n  s u s t a i n a b l e  y i e l d s .  Achievement  o f  t h i s  
p r o j e c t  p u r p o s e  s h o u l d  i m p a c t  on t h e  a g r i c u l t u r a l  sector g o a l  o f  
d e v e l o p i n g  a n  i n f o r m a t i o n  base f o r  u s e  by t h e  D j i b o u t i a n  
government  i n  n a t i o n a l  a g r i c u l t u r a l  p l a n n i n g  a n d  i t s  
d i s s e m i n a t i o n  t h r o u g h  t h e  A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e .  

By t h e  e n d  o f  t h e  p r o j e c t  t h e  s o i l  and  water l a b o r a t o r y  
s t a f f  w i l l  be able t o  a c c o m p l i s h  t h e  f o l l o w i n g :  

They s h a l l  h a v e  t h e  equ ipmen t  and  t e c h n i c a l  e x p e r t i s e  t o  
i n d e p e n d e n t l y  a n a l y s e  a l l  water and  s o i l  t y p e s  i n  
D j i b o u t i .  



They w i l l  have  t h e  n e c e s s a r y  d a t a  upon which t o  b a s e  
recommendations f o r  t h e  s o i l  and wa te r  u s e  i n  c r o p  
p r o d u c t i o n  and p r o v i d e  q u i d a n c e  f o r  subsequen t  s o i  1 and 
w a t e r  r e s o u r c e  a n a l y s i s  i n  t h e  f i e l d .  

They s h a l l  have  under taken  a  s o i l  i n v e n t o r y  and 
developed a  l a n d  c l a s s i f i c a t i o n  sys tem on a  g e n e r a l  
s c a l e  and i n  s e l e c t e d  p r i o r i t y  a r e a s .  

S t a t e m e n t  of Work 

I n  o r d e r  t o  accompl ish  t h e  f o r e g o i n g ,  t h e  f o l l o w i n g  w i l l  b e  
n e c e s s a r y :  

a .  A s o i l  and w a t e r  d a t a  c o l l e c t i o n  system w i l l  be  
e s t a b l i s h e d  w i t h  an a p p r o p r i a t e  i n f o r m a t i o n  form. 

b. A system w i l l  b e  e s t a b l i s h e d  t o  d i s s e m i n a t e  t h e  s o i l s  
and wa te r  d a t a  t o  o t h e r  ~ j i b o u t i a n  government, p r i v a t e  
and donor i n s t i t u t i o n s .  

c .  The e x i s t i n g  s o i l  and w a t e r  d a t a  w i l l  be  c o l l a t e d ,  
p l a c e d  i n  t h e  l i b r a r y ,  and a p p l i e d  d u r i n g  t h e  p r o j e c t ,  
and,  t o  t h e  e x t e n t  p o s s i b l e ,  d a t a  c o l l e c t i o n  a c t i v i t i e s  
o f  o t h e r  a g e n c i e s  w i l l  b e  i n c o r p o r a t e d .  

d .  The D j i b o u t i a n  p e r s o n n e l  w i l l  b e  p rov ided  t r a i n i n q  i n  
s o i l  chemical  a n a l y s i s ,  d e s c r i p t i o n ,  c l a s s i f i c a t i o n ,  
mapping, i n t e r p r e t a t i o n ,  i n v e n t o r y ,  and r e p o r t i n g .  

e. The D j i b o u t i a n  p e r s o n n e l  w i l l  r e c e i v e  t r a i n i n g  i n  w a t e r  
q u a l i t y  a n a l y s i s  and r e p o r t i n g .  

f  . The p r o j e c t  p e r s o n n e l  and D j i b o u t i a n  c o u n t e r p a r t s  w i l l  
under take  s o i l  s t u d i e s  of  t h e  s o i l s  c o n d i t i o n s  f o r  
r ange land  and i r r i g a t e d  c r o p l a n d  on bo th  a  g e n e r a l  
n a t i o n a l  i n v e n t o r y  and i n  s e v e r a l  s e l e c t e d  p r i o r i t y  
a g r i c u l t u r a l  s i t e s .  

g .  S i n c e  no 1:1@,000 o r  1:50,000 s c a l e  b a s e  maps e x i s t  f o r  
D j i b o u t i ,  and t h e r e  a r e  n e i t h e r  p e r s o n n e l ,  t i m e  o r  
equipment t o  make b a s e  maps, t h e  n a t i o n a l  s o i l s  
i n v e n t o r y  w i l l  be conducted  on t h e  best set  of 
t o p o g r a p h i c  maps a v a i l a b l e  a t  1:100,000 s c a l e .  

h .  S i n c e  t h e r e  i s  no b a s i c  l a n d  su rvey  t o  a c c u r a t e l y  l o c a t e  
f e a t u r e s  on an  a e r i a l  photograph t o  t h e  b a s e  map 
(1 :100 ,000) ,  t h e  l a r g e - s c a l e  h i g h - p r i o r i t y  a r e a s  w i l l  b e  
mapped d i r e c t l y  on a e r i a l  photographs .  

i. Because t h e  combined s o i l  and w a t e r  p o t e n t i a l  f o r  
p o s s i b l e  a g r i c u l t u r a l  s i tes  h a s  n o t  been e s t a b l i s h e d ,  
t h e  h igh  p r i o r i t y  s i t es  w i l l  b e  e v a l u a t e d  l a t e r  i n  t h e  



project  based on established agr icu l tura l  capabi l i ty .  
This way, valuable time w i l l  not be wasted on areas 
without e i the r  s o i l  or  water resources. 

j .  So i l  samples from the  present agr icu l tura l  projects  w i l l  
be t e s t ed  as soon as the  laboratory f a c i l i t i e s  and 
procedures permit accurate analysis .  Preliminary 
recommendations for  s o i l  amendments and pract ices  w i l l  
be made t o  the  extent  practicable.  

k. Final ly ,  with the  information acquired i n  the  s o i l s  
inventory a t  a  sca le  of 1:100,000 (bes t  s e t  of maps 
avai lable  and for which the  f i l m  posi t ive  color 
separates have been ordered), from laboratory t e s t  
r e s u l t s ,  and from assessment of water a v a i l a b i l i t y ,  an 
estimate w i l l  be provided for the  fur ther  requirements 
needed t o  undertake a  national overview . of Djiboutian 
s o i l  and water resources. 

Indication t h a t  the  statement of work has been 
s a t i s f a c t o r i l y  a t ta ined w i l l  be evidenced by the following: 

a. Field survey and t e s t ing  methods w i l l  have been 
developed such t h a t  a  small-scale 1:100,000 national  
s o i l s  map w i l l  be produced t o  be used i n  se lec t ing  
po ten t i a l  agr icu l tura l  s i t e s  and rangeland management 
capabi l i ty .  

b. A procedure w i l l  be established t o  methodically cover 
t h e  areas of highest p r io r i ty  during the  ensuing f ive  
or  s ix  years. 

c .  So i l  survey and analysis  w i l l  follow pract ices  which 
w i l l  permit the  use of exis t ing o r  planned s a t e l l i t e  o r  
a e r i a l  imagery for  future evaluation and monitoring of 
land use. 

d. S a t e l l i t e  imagery and a e r i a l  photographs w i l l  be used t o  
construct t he  national  s o i l s  map so fu ture  imagery of 
t h i s  type w i l l  be eas i ly  correlated t o  the  s o i l s  map. 

e. A random-generated inventory based on a sample of 1,000, 
one-square-kilometer p lo t s  w i l l  be established t o  be 
used as an agr icu l tura l  and rangeland needs inventory so 
spec i f i c  sampling and deta i led analysis  can be di rected 
t o  spec i f i c  areas which w i l l  r e f l e c t  i t s  r e l a t ive  
national  impact. The data derived from these p lo t s  w i l l  
serve i n  s a t e l l i t e  imagery interpreta t ion,  resources 
inventory, production estimates and provide data for  
economic evaluation. 

f .  Map uni t s  w i l l  have appropriate s o i l  c l a s s i f i ca t ion ,  
relying on f i e l d  data, laboratory repor ts  and other 
information sources. 



g .  The l a b o r a t o r y  w i l l  be e q u i p p e d  a n d  d e v e l o p e d  t o  t h e  
p o i n t  t h a t  s o i l  t e s t i n g  r e q u i r e m e n t s  c a n  be 
i n d e p e n d e n t l y  h a n d l e d  t h e r e i n .  

D j i b o u t i a n  p e r s o n n e l  w i l l  c o n d u c t  t h e  f o l l o w i n g  so i l  
f e r t i l i t y  tes ts :  n i t r o g e n ,  phosphorous ,  p o t a s s i u m ,  o r g a n i c  
c a r b o n ,  c a l c i u m ,  c a r b o n a t e  e q u i v a l e n c e ,  pH, Boron, and  sodium and  
o t h e r  n e c e s s a r y  m i c r o n u t r i e n t s .  The more s p e c i f i c  a n a l y s i s  w i l l  
i n c l u d e  c a t i o n  exchange  c a p a c i t y ,  t o t a l  b a s e  s a t u r a t i o n  and  
e l e c t r i c a l  c o n d u c t i v i t y .  

The  s o i l  p h y s i c s  t es t s  the  l a b o r a t o r y  w i l l  i n c l u d e  b u l k  
d e n s i t y ,  s o i l  s t r u c t u r e ,  and  p a r t i c l e  s i z e  a n a l y s e s .  The  
equ ipmen t  w i l l  n o t  be f u r n i s h e d  f o r  t e s t i n g  w a t e r  h o l d i n g  
c a p a c i t y ,  w a t e r  i n f i l t r a t i o n ,  p l a s t i c i t y  i n d e x ,  s h e a r  s t r e n g t h  
a n d  o t h e r s .  A t  p r e s e n t ,  t h e s e  c a n  be e s t i m a t e d  f rom o t h e r  d a t a  
a c q u i r e d  by t h e  l a b o r a t o r y .  

Some rare m i c r o n u t r i e n t s  a n d  c l a y  mine ro logy  w i l l  h a v e  t o  be 
a n a l y s e d  o u t s i d e  o f  D j i b o u t i  b e c a u s e  t h e i r  t e s t i n g  r e q u i r e s  
s p e c i a l i z e d  equipment .  

C o o r d i n a t i o n  w i l l  be e t a b l i s h e d  f o r  e q u i p p i n q  t h e  l a b o r a t o r y  
a n d  imp lemen t ing  a p p r o p r i a t e  w a t e r  q u a l i t y  a n a l y s i s .  N e c e s s a r y  
c h e m i c a l s  and equipment  w i l l  be o r d e r e d  (see a t t a c h e d  l i s t s ) .  

The  equipment .  c h e m i c a l s ,  and  t r a n s p o r t a t i o n  a r e  funded  by 
t h e  UASID. O t h e r  c o m d i t i e s  deemed c r i t i c a l  f o r  t h i s  p r o j e c t  
w i l l  be f o r t h c o m i n g  f rom t h e  D j i b o u t i a n  aovernment  and o t h e r  
d o n o r  a g e n c i e s .  T h e s e  i n c l u d e  b u i l d i n g s ,  f a c i l i t i e s ,  p e r s o n n e l  
a n d  h y d r o l o g i c  f i e l d  s u p p o r t .  The l a y o u t  f o r  t h e  l a b o r a t o r y  w i l l  
be drawn o u t  and  t h e  l a b o r a t o r y  so c o n s t r u c t e d .  

A u s e r  s e r v i c e  w i l l  be e s t a b l i s h e d  which  w i l l  i n c l u d e  G e n i e  
R u r a l ,  A g r i c u l t u r a l  S e r v i c e ,  ICERTS, P u b l i c  Works, v o l u n t e e r  
o r g a n i z a t i o n s  and  p r i v a t e  i n d i v i d u a l s .  T h e s e  p e o p l e  w i l l  be a b l e  
t o  p r e s e n t  s o i l  a n d  w a t e r  s a m p l e s  d i r e c t l y  t o  t h e  l a b o r a t o r y  
accompanied  by a  form g i v i n g  r e l e v a n t  i n f o r m a t i o n  a b o u t  t h e  
s ample .  A l t e r n a t i v e l y ,  t h e  l a b o r a t o r y  w i l l  b e  a b l e  t o  col lect  
t h e  sample  a n d  t h e  r e l e v a n t  i n f o r m a t i o n  f o r  t h e  u s e r .  The u s e r  
w i l l  t h e n  r e c e i v e  t h e  r e s u l t s  o f  t h e  a n a l y s i s  a n d  any a p p r o p r i a t e  
a n d  p r a c t i c a l  i n t e r p r e t a t i o n .  The  r e s u l t s  w i l l  be s t o r e d  a n d  
u s e d  i n  f u t u r e  a s s e s s m e n t s  o f  t h e  s t a t u s  a n d  u s e s  f o r  D j i b o u t i a n  
soi ls .  I t  i s  e x p e c t e d  t ha t  t h e  u s e r s  w i l l  c o o p e r a t e  by f u r n i s h i n g  
i n f o r m a t i o n  on  t h e  r e s u l t s  o f  recommendat ions  g i v e n  by the 
l a b o r a t o r y  so t h a t  f u r t h e r  recommendat ions  c a n  be r e f i n e d .  Crop  
p r o d u c t i o n  i s  t h e  f i n a l  t e s t  o f  a  s o i l  a n a l y s i s  a n d  s u b s e q u e n t  
recommendat ions  f o r  so i l  ammendments a n d  p r a c t i c e s .  T h i s  



i n f o r m a t i o n  mus t  be r e t u r n e d  t o  t h e  l a b o r a t o r y .  A s y s t e m  w i l l  be 
d e s i g n e d  t o  accommodate t h i s  f l o w  o f  i n f o r m a t i o n  t o  and  f rom t h e  
f i e l d .  

A t e c h n i c a l  l i b r a r y  w i l l  be e s t a b l i s h e d  and s t o c k e d  w i t h  
r e l e v a n t  t e x t s ,  manua l s  and  j o u r n a l  s u b s c r i p t i o n s  i n  t h e  f i e l d s  
o f  s o i l  s c i e n c e ,  h y d r o l o g y ,  g e o l o g y  and  water r e s o u r c e ,  p l a n n i n g  
a n d  l a n d - u s e  management.  A l l  p a s t  and  p r e s e n t  i n f o r m a t i o n ,  maps,  
s t u d i e s ,  and  reports s p e c i f i c  t o  D j i b o u t i  w i l l  be c a t a l o g u e d .  
T h i s  w i l l  be a c o n t i n u i n g  e f f o r t  d u r i n g  and a f t e r  t h e  p r o j e c t .  

S e v e r a l  t y p e s  o f  o n - t h e - j o b  t r a i n i n g  w i l l  be g i v e n  b y  t h e  
t e c h n i c a l  a d v i s o r  t o  t h e  D j i b o u t i a n  p e r  s o n n e l  . They i n c l u d e  t h e  
f o l l o w i n g :  

a .  A Dj i b o u t  i a n - d e s i g n a t e d  d e g r e e - t r a i n e d  l a b o r a t o r y  
a s s i s t a n t  ( F a r a h  O m a r )  w i l l  be t r a i n e d  i n  w a t e r  q u a l i t y  
t e s t i n g  f o r  t h e  f o l l o w i n g  t e s t s :  sod ium,  c a l c i u m ,  
magnesium, manganese ,  i r o n ,  aluminum, s i l i c o n  p o t a s s i u m ,  
p h o s p h o r o u s ,  b o r o n ,  c h l o r i n e ,  s u l f a t e s ,  c a r b o n a t e s  a n d  
n i t r a t e s  a n d  o t h e r s  t h a t  may he deemed n e c e s s a r y .  

b .  The West German t e c h n i c a l  a s s i s t a n c e  team w i l l  t r a i n  a 
D j i b o u t i a n  h y d r o l o g i s t  i n  w e l l  l o g g i n g  i n t e r p r e t a t i o n ,  
a q u i f e r  r e c o n n a i s a n c e ,  s t r  earn g a u g i n g ,  m e t e o r o l o g i c a l  
a n d  g e n e r a l  h y d r o l o g i c a l  t e c h n i q u e s  and  d a t a  management.  
T h i s  h y d r o l o g i s t  w i l l  s u p e r v i s e  t h e  l a b o r a t o r y  a s s i s t a n t  
o n  water q u a l i t y  t e s t i n g .  

c .  A D j i b o u t i a n  t e c h n i c a n  w i l l  be t r a i n e d  i n  c a t a l o g u i n g  
and  d a t a  management t o  i n c l u d e  equ ipmen t  and  mater ia ls  
i n v e n t o r y  a s  w e l l  a s  t e c h n i c a l  c o r r e s p o n d e n c e  and  
reports. 

d .  A D j i b o u t i a n - d e s i g n a t e d  d e g r e e - t r  a i n e d  s o i l  s c i e n t i s t  
w i l l  r e c e i v e  on- the-  j o b  t r a i n i n g  i n  s o i l s  d e s c r i p t i o n ,  
morpho logy ,  c l a s s i f i c a t i o n ,  c a r t o g r a p h y ,  r e p o r t i n g ,  
i n t e r p r e t a t i o n  and  chemical a n a l y s i s .  H e  w i l l  a s s i s t  
t h e  l a b o r a t o r y  a s s i s t a n t  i n  s o i l  a n a l y s i s .  

e.  T h e r e  w i l l  be t w o  c a n d i d a t e s  i d e n t i f i e d  f o r  t r a i n i n g  i n  
A m e r i c a  or  a t h i r d  c o u n t r y .  h % i l e  m o s t  s h o r t - t e r m  
t r a i n i n g  w i l l  be p r e s e n t e d  as  t r a i n i n g  o n - t h e - j o b  d u e  t o  
t h e  q u a l i f i c a t i o n s  o f  t h e  c o n t r a c t e d  t e c h n i c a l  a d v i s o r ,  
more s t r u c t u r e d  t r a i n i n g  would be a d v i s a b l e  f o r  t h e  
c a n d i d a t e s .  A t  l eas t ,  s i x  months  s h o u l d  be s p e n t  b y  t h e  
l a b o r a t o r y  a s s i s t a n t  i n  a  f u n c t i o n i n g  l a b o r a t o r y  s u c h  a s  
t h e  S.C.S.  l a b o r a t o r y  i n  L i n c o l n ,  Neb ra ska  and  t h e  
U.S.G.S. Water  L a b o r a t o r y  i n  Denver ,  C o l o r a d o  or a t h i r d  
w o r l d  c o u n t r y  s u c h  as  T u n i s i a ,  P o r t u g a l  or F r a n c e .  

f .  The p e d o l o g i s t  w i l l  need two y e a r s  o f  p o s t  a r a d u a t e  
t r a i n i n g  i n  s o i l  c h e m i s t r y  t o  a s s u r e  t h a t  h e  h a s  enough 
f o r m a l  backg round  t o  s o l v e  p rob l ems  t h a t  w i l l  a r i se  
a f t e r  t h e  c o m p l e t i o n  o f  t h e  p r o j e c t .  



g .  Based upon p r o j e c t  so i l s  a n d  water a c t i v i t i e s  and o t h e r  
e x i s t i n g  d a t a ,  t h i s  p r o j e c t  s h o u l d  d e v e l o p  c o m p r e h e n s i v e  
s o i l s  r e p o r t s  o n  t h e  n a t i o n a l  s o i l s  i n v e n t o r y  t o  he used  
i n  t h e  l o c a t i o n  o f  a g r i c u l t u r a l  s i tes  and  t h e  e v a l u a t i o n  
o f  r a n g e l a n d  p o t e n t i a l .  

h .  G e o g r a p h i c a l  areas w i l l  b e  a n a l y z e d  i n  t e r m s  o f  s o i l  
d e p t h ,  s t r u c t u r e ,  s a l i n i t y ,  t e x t u r e  a n d  d r a i n a q e  w i t h  
s u b s e q u e n t  r ecommenda t ions  r e g a r d i n s  v i a b i l i t y  o f  
v a r i o u s  l a n d - u s e  o p t i o n s  t o  i n c l u d e  i n t e n s i v e  i r r i g a t e d  
r o w  c r o p s ,  i r r i g a t e d  p a s t u r e ,  a n d  r a n g e l a n d  and  
b r u s h l a n d  i n c l u d i n g  c r o p p i n g  p a t t e r n s ,  a n d  p a s t u r a g e ,  
a n d  r a n g e  p o t e n t i a l .  T h i s  w i l l  b e  a c c o m p l i s h e d  w i t h  
maps, tables ,  d i a l o g u e  and l a b o r a t o r y  r e s u l t s .  

i. The w a t e r  r e s o u r c e  component  w i l l  a d d r e s s  water q u a l i t y  
b a s e d  on  i t s  c h e m i c a l  c o m p o s i t i o n  and  c o n d u c t i v i t y .  
T h i s  t e s t i n g  w i l l  be s u p p o r t i v e  o f  o t h e r  d o n o r s '  e f f o r t s  
t o  d e t e r m i n e  t h e  q u a l i t y  o f  g r o u n d  and  s u r f a c e  water f o r  
human, a n i m a l  and a g r i c u l t u r a l  u s e .  The water and s o i l  
p r i o r i t i e s  w i l l  b e  p l a c e d  i n  t h a t  o r d e r .  

Recommendations c o n c e r n i n g  f u r t h e r  i n v e s t m e n t  i n  t h e  
a g r i c u l t u r a l  sector and w i l l  b e  made b a s e d  on  t h e  d a t a  
a v a i l a b l e .  I f  f u r t h e r  i n v e s t m e n t  i s  w a r r a n t e d ,  t h e  
q u e s t i o n  o f  a d d i t i o n a l  American c o o p e r a t i o n  t o  u p a r a d e  
t h e  c a p a b i l i t i e s  i n  t h e  l a b o r a t o r y  w i l l  b e  a s s e s s e d .  A t  
t h e  end  o f  t h i s  p r o j e c t ,  t h e  l a b o r a t o r y  w i l l  b e  a b l e  t o  
p e r f o r m  a l l  r o u t i n e '  s o i l  and  w a t e r  a n a l y s i s  and s o i l  
i n v e s t i g a t i o n s .  

P e r s o n n e l  

I n  o r d e r  t o  implement  t h i s  p r o j e c t ,  t h e  f o l l c w i n q  long- te rm 
r e s i d e n t  s e r v i c e s  o f  an  a d v i s o r  p e d o l o g i s t  w i l l  b e  p r o v i d e d :  

a .  T h e r e  w i l l  b e  t w e n t y - f o u r  months  o f  a n  e x p e r i e n c e d  PhD 
d e g r e e -  q u a l i f i e d  p e d o l o g i s t  and  g e o l o g i s t .  T h i s  
i n d i v i d u a l  w i l l  b e  r e s p o n s i b l e  f o r  a t t a i n i n g  t h e  
t r a i n i n g  o b j e c t i v e s  i n  s o i l  and water a n a l y s i s  and  i n  
so i l  s u r v e y ,  r e p o r t i n g  and i n t e r p r e t a t i o n s .  

I n  summary, t h e  a d v i s o r  p e d o l o g i s t  w i l l  d o  t h e  f o l l o w i n g :  

a. H e  w i l l  f a c i l i t a t e  e q u i p p i n g  t h e  s o i l s  and  water 
l a b o r a t o r y  b y  d o i n g  t h e  d e s i g n ,  l a y o u t  and  equ ipmen t  
i n v e n t o r y .  H e  w i l l  i n s t a l l  t h e  e q u i p m e n t ,  t e s t  i t s  
s e r v i c e a b i l i t y ,  d e t e r m i n e  s a m p l e  f l o w ,  d e c i d e  o n  t e s t i n g  
p r o c e d u r e s  and  t e c h n i q u e s ,  a n d  o r g a n i z e  t h e  l a b o r a t o r y  
i n t o  a smooth f l o w  o f  s a m p l e s ,  t e s t  r e s u l t s  and  
r ecommenda t ions .  

b .  H e  w i l l  d e v e l o p  a n  a n n u a l  work p l a n  f o r  t h e  l a b o r a t o r y  



with the  assistance of the  Djiboutian a s s i s t an t s .  
Another w i l l  be developed for the  second year and a 
th i rd  jus t  prior  t o  h i s  departure a t  the  end of t he  
project .  

He w i  11 conduct the  £01 lowing surveys : 

a. Soil  repor t s  w i l l  be provided. 

b. Family u n i t  and detai led-scale surveys of po ten t ia l  or 
ex is t ing  garden areas where management, i r r i g a t i o n  
techniques, reclamation procedures, crops and drainage 
have t o  be adapted t o  s o i l  conditions and water qua l i ty  
and a v a i l a b i l i t y .  This w i l l  include a s o i l  
character izat ion and descript ion for each s i t e .  Since 
the  400 or so gardens average about 0.25 hectares  maps 
a t  any reasonable scale  would not be relevant .  Thus, a 
verbal descript ion of the  s o i l s  and the  qeomorphology 
w i l l  be made and recorded for each farm. A l a r ae  sca le  
map on a e r i a l  photos of the  garden region w i l l  be made 
when the  s o i l s  of the  country are understood and t h e i r  
re la t ionsh ip  t o  the  garden area i s  understood. The 
order of p r io r i ty  w i l l  include Mouloud, Doudubbala, 
Forrage, Gran Bara, Ambouli, and Atar amoung others.  
Service a t  t h i s  scale  w i l l  be considered a personal 
service t o  the land user. (Service has been rendered a t  
t h i s  s ca l e  t o  the  Km 20 project  and some gardens i n  
Ambouli. ) 

c. Soil  surveys w i l l  be made a t  a  medium sca le  of 1:20,000 
( t h e  sca l e  of the  a e r i a l  photos) because there  a re  not 
s u f f i c i e n t  1: 50,000 sca l e  base maps t o  provide proper 
control  i n  reporting the  survey. It  i s  too  time- 
consuming and cost ly  t o  make impromptu base maps. The 
s o i l s  areas would be more accurately recorded d i r e c t l y  
on a e r i a l  photographs which can subsequently be referred 
t o  for land evaluation. This sca le  of mapping w i l l  be 
used on major plains and other areas iden t i f ied  a s  
having both a s o i l  and a water po ten t ia l .  These w i l l  
include the  Gobbad, Hanle, Tad joura, Atar, Obock and 
many places scat tered from A l i  Sabei t o  Dorale. A s o i l s  
map w i l l  not be developed u n t i l  an area has been studied 
su f f i c i en t ly  t o  ver i fy  t h a t  i s  has both qua l i ty  s o i l s  
and water above the  needs of t he  loca l  inhabi tants  and 
t h e i r  l ivestock t o  support i r r iga t ed  agr icul ture .  Then, 
only t h a t  portion which can be iden t i f ied  as  productive 
w i l l  be surveyed t o  conserve e f f o r t s  and t o  keep the  
a t ten t ion  directed towards areas which can be 
productive. Because of the  l o w  scat tered r a i n f a l l  and 
t h e  various drainage conditions and configurations, 
agr icu l ture  w i l l  probably be concentrated i n  many small 
sca t te red  areas throughout the  country instead of one 
area  of concentrated e f fo r t .  This i s  mostly due t o  
l imited water supplies and e r r a t i c  ra ins .  



d.  He h a s  developed a  p l a n  f o r  a  s m a l l  s c a l e  s u r v e y  a t  a 
s c a l e  of  1:100,000 which w i l l  g i v e  D j i b o u t i  i t s  f i r s t  
n a t i o n a l  s o i l s  i n v e n t o r y  which w i l l  s e r v e  a s  a  b a s i s  f o r  
r a t i o n a l l y  d e t e r m i n i n g  t h e  h i g h  p r i o r i t i e s  f o r  
a g r i c u l t u r e .  I t  w i l l  a l s o  s e r v e  f o r  r a n a e l a n d  
management. The s c a l e  o f  1 :200,000 was r e j e c t e d  b e c a u s e  
t h e  t o p o g r a p h i c  c o n t r o l  i s  c o n s i d e r a b l y  b e t t e r  a t  t h e  
l a r g e r  s c a l e .  F u r t h e r  t h e r e  a r e  t o o  few maps a v a i l a b l e  
a t  1:50,000 ( o n e  s h e e t  o n l y )  t o  do a  su rvey  a t  t h a t  
s c a l e .  T h e r e f o r e ,  a  s c a l e  of  1:100,000 r e p r e s e n t s  t h e  
b e s t  a v a i l a b l e .  Enough d e t a i l  can  be  p r e s e n t e d  a t  t h i s  
s c a l e  t o  g i v e  a l l  t h e  i n f o r m a t i o n  needed i n  p l a n n i n g  and 
s o i l s  i n v e n t o r y  e v a l u a t i o n  u n t i l  s p e c i f i c  s i t e  maps a r e  
made a t  1 :20 ,000.  T h i s  i n v e n t o r y  h a s  begun w h i l e  t h e  
l a b o r a t o r y  i s  b e i n g  comple ted .  I t  i s  a l s o  p r o v i d i n g  
s o i l  samples and s o i l  d e s c r i p t i o n s  which w i l l  b e  used  
f o r  p r a c t i c e  i n  l a b o r a t o r y  t r a i n i n g .  The s u r v e y  w i l l  
p r o v i d e  b a s i c  i n f o r m a t i o n  on up lands  and s t r a t i f y  s o i l  
envi ronments  a c c o r d i n g  t o  t h e i r  p o t e n t i a l  f o r  g r a z i n g ,  
c a r r y i n g  c a p a c i t y ,  e t c .  

e. H e  w i l l  p r e p a r e  r e p o r t s  on t h e  above s u r v e y s  w i t h  
accompanying l a n d  u s e  recommendations. These w i l l  
i n c l u d e  s o i l ,  f a m i l y ,  l e v e l  d e s c r i p t i o n  o f  s o i l s  a t  t h e  
i n d i v i d u a l  garden l e v e l .  I t  w i l l  i n c l u d e  t h e  
r e c o g n i t i o n  s o i l  subgroups  a t  t h e  i n t e r m e d i a r y  l e v e l  of  
a  s c a l e  o f  1 :20 ,000,  and, it w i l l  i n c l u d e  s o i l  G r e a t  
Group s u b d i v i s i o n s  a t  t h e  g e n e r a l  s o i l  i n v e n t o r y  on t h e  
n a t i o n a l  l e v e l .  

f .  H e  w i l l  develop l a n d  u s e  recommendations f o r  t h e  
f o r e g o i n g  a r e a s  su rveyed  r e l y i n g  p r i n c i p a l l y  upon f i e l d  
e s t i m a t e s  t o  d e t e r m i n e  p e r m e a b i l i t y  and i n f i l t r a t i o n  i n  
a r e a s  where i r r i g a t i o n  i s  p lanned ,  and a l s o  l a b o r a t o r y  
a n a l y s e s  t o  de te rmine  t e x t u r e ,  pH, o r g a n i c  carbon,  
e l e c t r i c  c o n d u c t i v i t y ,  t o t a l  b a s e  s a t u r a t i o n ,  c a t i o n  
exchange c a p a c i t y ,  bulk  d e n s i t y ,  boron and o t h e r  
r e l e v a n t  t e s t s .  

g .  He w i l l  de termine ,  a s  e a r l y  a s  p o s s i b l e ,  t h e  e x t e n t  t o  
which t h e  s o i l s  and w a t e r  l a b o r a t o r y  can s a t i s f y  t h e  
above requ i rements ,  and,  where h e  de te rmines  i t  is  
u n a b l e  t o  do s o ,  h e  w i l l  deve lop  a s s i s t a n c e  o u t s i d e  of  
D j i b o u t i  which can  pe r fo rm t h e  a n a l y s i s .  A s s i s t a n c e  o f  
t h i s  t y p e  can b e  e x p e c t e d  f o r  c l a y  mineralogy a n a l y s i s ,  

.some X-Ray d i f f r a c t i o n  a n a l y s i s  f o r  s e l e c t e d  s o i l  
m i n e r a l s ,  and c e r t a i n  r a r e  m i c r o n u t r i e n t s .  T h i s  
a s s i s t a n c e  can p robab ly  be  o b t a i n e d  from t h e  Overseas  
T e c h n i c a l  Schoo l  i n  F rance .  

h.  He w i l l  p r o v i d e  work- re la ted  t r a i n i n g  f o r  t h e  M i n i s t r y  
o f  A g r i c u l t u r e ' s  D j i b o u t i a n  d e g r e e - t r a i n e d  p e d o l o g i s t  
a s s i g n e d  as  D i r e c t o r  of  t h e  S o i l  and Water Labora to ry .  
T h i s  h a s  i n c l u d e d  t r a i n i n g  i n  s o i l  d e s c r i p t i o n ,  
c l a s s i f i c a t i o n  and c a r t o g r a p h y .  I t  w i l l  i n c l u d e  s o i l  



chemica l  a n a l y s i s  and p rocedures  a s  w e l l  a s  s o i l  
r e p o r t s .  He w i l l  a l s o  be g i v e n  t r a i n i n g  on rnanaginq t h e  
l a b o r a t o r y ,  m a i n t a i n i n g  q u a l i t y  c o n t r o l  and recom- 
mendat ions  based  on t h e  a n a l y s i s  and t h e  s o i l s  
i n v e n t o r y .  

i. He w i l l  p r o v i d e  work r e l a t e d  t r a i n i n g  t o  t h e  l a b o r a t o r y  
a s s i s t a n t  i n  s o i l  chemical  a n a l y s i s  t o  i n c l u d e t e s t s  f o r  
n i t r o g e n ,  phosphorous,  potass ium,  o r g a n i c  ca rbon ,  
ca lc ium c a r b o n a t e  e q u i v a l e n t ,  t o t a l  b a s e  s a t u r a t i o n ,  
c a t i o n  exchange c a p a c i t y ,  m i c r o n u t r i e n t s ,  sodium, boron,  
c h l o r i n e  and e l e c t r i c a l  c o n d u c t i v i t y .  There  w i l l  a l s o  
b e  t r a i n i n g  i n  bulk  d e n s i t y ,  d e t e r m i n a t i o n  of  t e x t u r a l  
a n a l y s i s  and m i n e r a l  i d e n t i f i c a t i o n .  The l a b o r a t o r y  
a s s i s t a n t  w i l l  a l s o  l e a r n  t o  t e s t  w a t e r  qua1it .y  f o r  
sodium, po tass ium,  ca lc ium,  magenes ium, phosphorous,  
i r o n ,  aluminium, s i l i c o n ,  c h l o r i d e ,  s u l f i d e ,  n i t r a t e  and 
car 'oonate and any o t h e r  a p p r o p r i a t e  a n a l y s i s .  He w i l l  
f u r t h e r  become a c q u a i n t e d  w i t h  s o i l  and w a t e r  f i e l d  
p r o c e d u r e s .  

j. He w i l l  deve lop  a  b a s e  l i n e  of ground t r u t h  deve loped  
from 1 ,000  random samples and i n t e g r a t i o n  of p r e s e n t  and 
p l a n n e d  s a t e l l i t e  imagery and a e r i a l  photography i n t o  
t h e  s o i l s  map. He w i l l  develop a  d a t a  b a s e  f o r  
comparison t o  f u t u r e  imagery f o r  t ime- lapse  a n a l y s i s  
( t h e  random sample h a s  been drawn) .  

k .  He w i l l  be r e s p o n s i b l e  f o r  e s t a b l i s h i n g  a  t e c h n i c a l  
l i b r a r y  and u s e r  s e r v i c e .  

1. He w i l l  c o o r d i n a t e  s o i l  sample c o l l e c t i o n  and a n a l y s i s  
a c t i v i t i e s  w i t h  o t h e r  donors  a s  d e s i r e d  by t h e  
D j i b o u t i a n  Government. 

m.  He w i l l  i n fo rm t h e  government of  D j i b o u t i ,  t h e  M i n i s t r y  
o f  A g r i c u l t u r e  and USAID on t h e  q u a r t e r l y  p r o g r e s s  of  
p r o j e c t  a c t i v i t i e s .  

n .  He w i l l  b r i n g  t o  t h e  a t t e n t i o n  of t h e  D j i b o u t i a n  
Government and USAID any problems o r  s h o r t f a l l s  e x p e c t e d  
a s  a  r e s u l t  of p o s s i b l e  i n s u f f i c i e n t  manpower, t r a i n i n g  
c o m p l i c a t i o n s ,  commodity d e f i c i e n c i e s ,  donor co- 
o r d i n a t i o n ,  e tc .  

o .  . H e  w i l l  be  r e s p o n s i b l e  f o r  s y n t h e s i z i n g  t h e  r e s u l t s  o f  
t h i s  p r o j e c t  i n  a  f i n a l  r e p o r t .  

p .  He w i l l  p r o v i d e  t r a i n i n g  and guidance  t o  t h e  w a t e r  
q u a l i t y  c h e m i s t  ( l a b o r a t o r y  a s s i s t a n t )  s i n c e  n o  s h o r t  
t e r m  h y d r o l o g i s t  a s s i s t a n c e  i s  for thcoming.  No o t h e r  
s h o r t - t e r m  t e c h n i c a l  a s s i s t a n c e  i s  needed due t o  t h e  
a d v i s o r ' s  q u a l i f i c a t i o n s  and t h e r e f o r e  no c o o r d i n a t i o n  
o f  T.D.Y v i s i t s  w i l l  b e  n e c e s s a r y  a s  was e a r l i e r  
a n t i c i p a t e d .  T h i s  i s  a l s o  t r u e  of t h e  remote  s e n s i n g  



q u a l i f i c a t i o n s .  The a d v i s o r  h a s  ample e x p e r i e n c e  i n  
a p p r o p r i a t e  phases  of remote s e n s i n g  a p p l i c a t i o n s  and 
i n t e r p r e t a t i o n s .  The West German donor a s s i s t a n c e  
program w i l l  s u p p l y  a l l  t h e  h y d r o l o g i c a l  e x p e r t i s e  
e x c e p t  w a t e r  q u a l i t y  a n a l y s i s  which w i l l  be provided by 
t h e  p e a o l o g i s t  a d v i s o r .  

Timing 

The p r o j e c t  began l a t e  J u l y  1980 w i t h  t h e  a r r i v a l  of t h e  
p e d o l o g i s t  a d v i s o r ,  D r .  Joseph  Goebel ,  and t h e  subsequen t  
a s s ignment  of  M r .  Abubaker Duale a s  t h e  D j i b o u t i a n  d e g r e e - t r a i n e d  
p e d o l o g i s t .  I n  September,  Fa rah  Omar was a s s i g n e d  a s  t h e  
D j i b o u t i a n  d e g r e e - t r a i n e d  l a b o r a t o r y  a s s i s t a n t .  

The f i r s t  q u a r t e r  from August through October  was i n v o l v e d  
w i t h  equipment  i n v e n t o r y ,  l a b o r a t o r y  d e s i g n  and c o n s t r u c t i o n ,  and 
a n  a i r b o r n e  and v e h i c l e  r e c o n n a i s a n c e  o f  t h e  s o i l s  of D j i b o u t i .  
I t  a l s o  i n c l u d e d  l i s t i n g  and o r d e r i n g  t h e  chemicals  f o r  t he  s o i l  
and w a t e r  a n a l y s i s ,  t h e  equipment needed f o r  f i e l d  s t u d i e s ,  o t h e r  
equipment and s a t e l l i t e  imagery. The team became a c q u a i n t e d  w i t h  
each  o t h e r  and t h e  dimensions bf  t h e  p r o j e c t  a t  hand.  M a t e r i a l s  
w e r e  g a t h e r e d  f o r  t h e  t e c h n i c a l  l i b r a r y .  

Because t h e  l a b o r a t o r y  f a c i l i t i e s  had n o t  y e t  been 
c o n s t r u c t e d  and t h e  c o n s t r u c t i o n  crews i n t e r f e r e d  w i t h  any o f f i c e  
a c t i v i t i e s  i n  t h e  overcrowded c a r t o g r a p h y  room, t h e  second 
q u a r t e r  was d e d i c a t e d  t o  p l a n n i n g  and i n s t r u c t i o n s  on s o i l  
d e s c r i p t i o n s ,  c l a s s i f i c a t i o n ,  mapping and sample c o l l e c t i o n  and 
l a b e l i n g .  F i l m  p o s i t i v e s  o f  c o l o r  s e p a r a t e s  f o r  t h e  1:100,000 
s c a l e  t o p o g r a p h i c  map were made t o  s e r v e  a s  a  s t a b l e  b a s e  t o  
a c c u r a t e l y  l o c a t e  s o i l  boundar ies .  A need f o r  a  second v e h i c l e  
was a l s o  e s t a b l i s h e d  t o  a s s i s t  t h e  l a b o r a t o r y  i n  s o i l  sample 
c o l l e c t i o n .  The annua l  work p l a n  was w r i t t e n  and p a s s e d  f o r  
review.  

The t h i r d  q u a r t e r  w i l l  be i n v o l v e d  w i t h  d e s c r i b i n g ,  
c l a s s i f y i n g  and sampling t h e  dominant s o i l s  of  D j i b o u t i  t o  s e r v e  
a s  p a t r o n s  f o r  i d e n t i f y i n g  comparable s o i l s  e lsewhere .  These 
s o i l s  w i l l  b e  sampled i n  t h e  f i r s t  100 random survey  p l o t s .  
S p e c i f i c  d a t a  can  be c o l l e c t e d  f o r  p l a n n i n g  and r e s o u r c e  
e v a l u a t i o n  a s  w e l l  a s  t h e  s o i l  su rvey .  T r a i n i n g  w i l l  be  g i v e n  on 
remote  s e n s i n g ,  s o i l s  mapping, and r e s o u r c e s  e v a l u a t i o n s .  I t  i s  
t h e n  e x p e c t e d  t h a t  c o n s t r u c t i o n  w i l l  b e  completed on t h e  
l a b o r a t o r y  and t h e  equipment can be i n s t a l l e d ,  a d j u s t e d ,  and 
p r e p a r e d .  f o r  o p e r a t i o n .  

The f o u r t h  q u a r t e r  w i l l  be d e d i c a t e d  t o  t r a i n i n g  on w a t e r  
q u a l i t y  a n a l y s i s .  The p r o c e d u r e s  and t e c h n i q u e s  w i l l  be 
e s t a b l i s h e d  f o r  t h e  t e s t s  mentioned e a r l i e r  under  w a t e r  a n a l y s i s .  
A f t e r  t h i s  t ime ,  t h e  l a b o r a t o r y  s h o u l d  be f u l l y  q u a l i f i e d  t o  do 
w a t e r  q u a l i t y  t e s t i n g .  The n e x t  annua l  p l a n  w i l l  b e  w r i t t e n  and 
d e s i g n e d  t o  accompl ish  t h e  remaining g o a l s  of  t h e  p r o j e c t .  



The f i r s t  q u a r t e r  of t h e  s e c o n d  y e a r  w i l l  be d e d i c a t e d  t o  
t r a i n i n g  o n  p r o c e d u r e s  and  t e c h n i q u e s  f o r  s o i l  a n a l y s i s .  S a r L p l e s  
c o l l e c t e d  p r e v i o u s l y  and  t e c h n i q u e s  f o r  c h a r a c t e r i z a t i o n  w i l l  
s e r v e  a s  p r a c t i c e  s a m p l e s .  

The s e c o n d  q u a r t e r  o f  t h e  s e c o n d  p l a n n i n g  y e a r  w i l l  be 
d e d i c a t e d  t o  t h e  so i l s  i n v e n t o r y  and  so i l s  mapping.  T h e  
r e m a i n i n g  so i l s  w i l l  be d e s c r i b e d ,  c l a s s i f i e d ,  mapped a n d  
i n t e r p r e t e d .  The l a s t  p a r t  o f  t h e  q u a r t e r  w i l l  be i n v o l v e d  w i t h  
t r a i n i n g  on  s o i l  u s e  i n t e r p r e t a t i o n .  I n  t h e  meant ime,  t h o s e  
so i l s  a n d  w a t e r  s a m p l e s  which  a r r i v e  f o r  a n a l y s i s  w i l l  be t e s t e d  
a n d  r e p o r t e d .  

The  t h i r d  q u a r t e r  w i l l  a l s o  be d e d i c a t e d  t o  s o i l  s u r v e y .  
The p r i n c i p a l  e f f o r t  w i l l  be t h e  c o m p l e t i o n  o f  t h e  n a t i o n a l  so i l s  
map so p r i o r i t y  a r e a s  c a n  be s e l e c t e d  and a l l  o f  t h a t  d a t a  w i l l  
be a v a i l a b l e  f o r  t h e  f i n a l  r e p o r t .  Then l a n d  u s e  i n t e r p r e t a t i o n  
w i l l  b e g i n  f o r  a l l  o f  t h e  so i l s  d e s c r i b e d  a n d  t e s t e d .  

T h e  f o u r t h  q u a r t e r  w i l l  be i n v o l v e d  w i t h  s p e c i f i c  o n - s i t e  
i n v e s t i g a t i o n s  a n d  reports, t r a i n i n g  i n  compu t ing  l a b o r a t o r y  
summary a n a l y s i s ,  a n d  w r i t i n g  l a b o r a t o r y  r e p o r t s .  The f i n a l  
r e p o r t s  w i l l  be w r i t t e n  and  t h e  p r o j e c t  s y n t h e s i z e d  i n  a n o t h e r  
report. 

I t  i s  p r o j e c t e d  t h a t  t h e  p e d o l o g i s t  a d v i s o r  w i l l  n eed  t o  
r e t u r n  e a c h  y e a r  f o r  t w o  y e a r s  f ~ r  a b o u t  e i g h t  w e e k s '  t i m e  i n  
D j i b o u t i  a n d  f o u r  w e e k s '  t i m e  i n  America.  T h i s  w i l l  p r o v i d e  
f o l l o w - t h r o u g h  t o  b a c k s t o p  t h e  l a b o r a t o r y  p e r s o n n e l  o n  i t e m s  
wh ich  o c c u r r e d  t h r o u g h  t h e  y e a r  which  w e r e  o u t  o f  t h e  o r d i n a r y  
a n d  n o t  f o r e s e e n  i n  t h e  t r a i n i n g .  

W i t h i n  t h e  t h i r d  y e a r  o f  t h e  s t a r t  o f  t h e  p r o j e c t ,  t h e  
l a b o r a t o r y  a s s i s t a n t  s h o u l d  a t t e n d  s i x  months work-s tudy  a t  a n  
e s t a b l i s h e d  so i l s  l a b o r a t o r y  a n d  a n  e s t a b l i s h e d  w a t e r  q u a l i t y  
l a b o r a t o r y  t o  o b s e r v e  a n d  a c q u a i n t  h i m s e l f  w i t h  a  f u n c t i o n a l  
l a b o r a t o r y .  I n  t h e  f o u r t h  y e a r ,  t h e  D j i b o u t i a n  p e d o l o g i s t  s h o u l d  
e n t e r  two y e a r s  o f  f o r m a l  p o s t - g r a d u a t e  c o u r s e  work on  s o i l  
c h e m i s t r y  a n d  w a t e r  q u a l i t y  c h e m i s t r y .  T h i s  w i l l  be e s s e n t i a l  
f o r  him t o  r u n  t h e  l a b o r a t o r y  c o m p l e t e l y  i n d e p e n d e n t l y .  

T h e  above  r e p r e s e n t s  t h e  e x p e c t e d  s c e n a i r o ,  which  however ,  
i s  s u b j e c t  t o  amendment b a s e d  upon USAID a n d  D j i b o u t i a n  
government  a p p r o v a l .  I t  s h o u l d  be n o t e d  t h a t  o n - t h e - j o b  t r a i n i n g  
w i l l  be p r o v i d e d  t h r o u g h o u t  t h e  p e r i o d  o f  t h e  p r o j e c t  a n d  
s u b s e q u e n t  T . D  .Y .  F o r  t h a t  r e a s o n ,  p e r i o d i c  r e p o r t s  a r e  e x p e c t e d  
o n  t h e  p r o g r e s s  o f  t h e  c o u n t e r p a r t s  and  t h e  s t a f f  t o w a r d s  
g r a s p i n g  i n s t r u c t i o n s  a n d  g u i d a n c e .  T h e s e  r e p o r t s  w i  11 d e f i n e  
t h e  s u c c e s s  o f  t h e  i n s t i t u t i o n a l i z a t i o n  o f  t h e  p r o j e c t  
a c t i v i t i e s .  



Reports 

I .  Annual  Work P l a n .  T h i s  w i l l  i n c l u d e  t h e  g o a l s  and  -- 
o b j e c t i v e s  of  t h e  l a b o r a t o r y .  I t  w i l l  show t h e  l i s t  o f  p e r s o n n e l  
a n d  t h e i r  j o b  d e s c r i p t i o n s .  T h e r e  w i l l  be a l i s t  o f  t h e  work t o  
be a c c o m p l i s h e d  a n d  a c h a r t  which shows t h e  s c h e d u l e  and  t h e  
p e o p l e  r e s p o n s i b l e  t o  accomplish t h e  work.  

11. Q u a r t e r l y  R e p o r t .  T h i s  r e p o r t  w i l l  i n c l u d e  t h e  work t h a t  
w a s  a n t i c i p a t e d  f o r  t h e  Q u a r t e r .  The  work a c t u a l l y  a c c o m p l i s h e d  
w i l l  be l i s t ed .  T h e r e  w i l l  be a s e c t i o n  which  describes t h e  
o b s t a c l e s  a n d  d e f i c i e n c i e s  i n  t h e  p r o j e c t .  I t  w i l l  s t a t e  t h e  
work t o  be a c c o m p l i s h e d  d u r i n g  t h e  coming q u a r t e r .  I t  w i l l  a l s o  
s t a t e  how much p r o g r e s s  h a s  been  made t o w a r d s  t h e  c o m p l e t i o n  o f  
t h e  p r o j e c t .  

111. S p e c i f i c  A r e a  R e p o r t s .  S h o r t  i n d i v i d u a l  d e s c r i p t i v e  r e p o r t s  
w i l l  be w r i t t e n  f o r  i n d i v i d u a l  l a n d  owners .  S p e c i f i c  r e g i o n a l  
reports w i l l  be w r i t t e n  on  h i g h  p r i o r i t y  areas f o r  a g r i c u l t u r a l  
deve lopmen t .  T h e s e  w i l l  d i s c u s s  t h e  o b j e c t i v e s  o f  t h e  s t u d y ,  t h e  
methods  u s e d ,  r e s u l t s  and  recommendat ions .  I n  t h e  case o f  so i l s  
work t h e y  w i l l  i n c l u d e  p r o p e r  maps. 

I V .  F i n a l  R e p o r t  w i l l  s y n t h e s i z e  comprehens ive  so i l s  a n a l y s i s  
a n d  water q u a l i t y  t e s t i n q  reports which  would c o v e r  a l l  a r e a s  
a d d r e s e d  d u p i n g  t h e  l i f e  o f  the p r o j e c t .  I t  w i l l  a l s o  p r o v i d e  
p r e l i m i n a r y  recommendat ions  r e g a r d i n g  f u t u r e  American a s s i s t a n c e  
i n  t h i s  area. 

A d m i n i s t r a t i v e  a n d  Donor C o o r d i n a t i o n  

T h e  S o i l s  a n d  Water L a b o r a t o r y  p r e s e n t l y  f u n c t i o n s  w i t h i n  
t h e  R u r a l  EWgineer ing  S e r v i c e  o f  t h e  M i n i s t r y  o f  A g r i c u l t u r e  a n d  
R u r a l  Development  as t h e  i n s t i t u t i o n  r e s p o n s i b l e  f o r  s u r v e y i n g  
a n d  a n a l y z i n g  D j i b o u t i ' s  s o i l  a n d  water p o t e n t i a l  a n d  
recommending p r e f e r a b l e  l a n d  u s e  o p t i o n s ,  a s  w e l l  as  p r o v i d i n g  
f o r  t h e  u t i l i z a t i o n  o f  w a t e r  i n  r u r a l  areas. T o  a c c o m p l i s h  t h e  
a b o v e  o b j e c t i v e s ,  t h e  R u r a l  E n g i n e e r i n g  S e r v i c e  i s  o r g a n i z e d  i n t o  
t h e  f o l l o w i n g  s e c t i o n s :  

a .  A s t a n d a r d  a d m i n i s t r a t i v e  a n d  a c c o u n t i n g  s e c t i o n .  

b. A m a i n t a i n a n c e  s e c t i o n  which  c a n  p r o v i d e  s u p p o r t  a n d  
m a i n t a i n a n c e  a n d  s e r v i c e  t o  a l l  f a c e t s  o f  t h e  S e r v i c e ' s  
o p e r a t i o n s .  

c. A p u b l i c  works  s e c t i o n  d e d i c a t e d  t o  d r i l l i n g  w e l l s  f o r  
water  e x p l o r a t i o n  and  p r o d u c t i o n .  T h i s  s e c t i o n  d e v e l o p s  
r e c o g n i z e d  . w a t e r  s o u r c e s  i n  r u r a l  a r e a s  f o r  human a n d  
a g r i c u l t u r a l  u s e  by t h e  u s e  o f  w a t e r  p o i n t s ,  dams, 
w e l l s ,  e tc.  T h i s  s e c t i o n  a l s o  p r o v i c e s  t e s t  d r i l l i n g  
u s i n g  two S a u d i  A r a b i a n  w e l l  d r i l l i n g  r i g s  i n  o r d e r  t o  
i d e n t i f y  p o t e n t i a l  water s o u r c e s .  



d. A research sect ion which is  divided i n t o  one pa r t  f o r  
water resource evaluation and another f o r  s o i l s  
resources evaluation. Work under t h i s  projec t  i s  i n  t he  
domain of the  research sect ion.  

The water research sub-sect ion has undertaken well- 
logging and we11 net monitoring t o  determine the  quant i ty  of 
groundwater. I t  has undertaken wadi (stream) gauging t o  
determine r a in  water run-off f o r  purposes of ident i fy ing t he  
sur face  water po ten t ia l .  

I t  w i l l  use t he  s o i l s  and water t e s t i n g  laboratory t o  t e s t  both 
t h e  surface  and ground water qua l i ty  f o r  human and ag r i cu l tu r a l  
use subsequently furnishing technical  repor t s  concerning t he  
r e s u l t s .  I t  w i l l  then develop a comprehensive plan synthesizing 
t h e  data  col lec ted  t o  make s p e c i f i c  recommendations fo r  
Djiboutian water use po ten t ia l .  

The s o i l s  research sub-section undertakes f i e l d  analys is ,  
develops an appropriate  s o i l  c l a s s i f i ca t i on  system and maps the  
s o i l s  i n  order t o  determine t h e  ag r i cu l tu r a l  po ten t ia l  f o r  
i r r i g a t e d ,  non-irrigated ag r i cu l tu r e  and rangeland. I t  i s  
developing a s o i l  laboratory i n t o  a u n i t  capable of independently 
conducting t h e  necessary s o i l s  analysis ,  t e s t i n g  water qua l i ty  
and furnishing technical  repor ts  on t he  analysis .  

I t  w i l l  develop a comprehensive plan fo r  e f fec t ing  
evaluat ion and analysis  of po t en t i a l  ag r i cu l tu r a l  areas with the  
in tens ive  e f f o r t  d i rec ted  towards t he  p la ins ,  t he  mountains and 
t h e  nat ional  s o i l s  maps i n  t h a t  order.  This sec t ion i s  
developing a technical  l ib ra ry  on s o i l  and water s tud ies  
pe r t i nen t  t o  Djibouti .  

The s o i l s  sub-section is  headed by a D j iboutian pedologist .  
M r .  Abubaker Duale, who a l s o  supervises t he  s o i l s  and water 
laboratory with administrat ive support from Mr. Mohamad Waberi, 
t h e  Chief of the  Rural Engineering Service. The water sect ion i s  
s t i l l  so le ly  s t a f f ed  by the  West German hydrogeology team since 
an acceptable D jiboutian degree-trained hydrogeologist has not 
been agreed upon. The s o i l s  and water laboratory has a 
laboratory a s s i s t a n t  with l imi ted  formal technical  t r a in ing  i n  
Ethiopia,  M r .  Farah Omar. Besides assigning a degree-trained 
hydrogeologist t o  the  water sec t ion t h e  s o i l s  and water 
laboratory is  expecting t o  have two laboratory technicians,  a 
sec re ta ry  and a l ib ra ry  clerk-computer programmer assigned so  i t  
can meet i t s  object ives i n  t h i s  projec t .  

A l l  of t h e  sec t ions  a r e  housed i n  an o f f i c e  complex of more 
than 150 square meters of f l oo r  space. The chemistry benches, 
d i s t i l l e d  and t a p  water and s t a b l e  e l e c t r i c  power i n  both 110 Vac 
60 Hz and 220 Vac 50 Hz i s  being i n s t a l l e d  and should be 
completed i n  March. Ample sinks,  benches, cabinets,  l ib ra ry  
shelves,  sample receiving and storage shelves a r e  a l l  being 
constructed.  There i s  an o f f i ce ,  a s o i l  cartography room, a wet 
laboratory and an ana ly t ica l  laboratory i n  t he  s o i l  and water 



l a b o r a t o r y  of t h e  s o i l s  s e c t i o n .  There a r e  two o f f i c e s  f o r  t h e  
wa t e r  s e c t i o n ,  t h e r e  i s  an o f f i c e  f o r  t h e  p u b l i c  works d r i l l i n g  
s e c t i o n  (French a s s i s t a n c e ,  o f f i c e s  f o r  accoun t inq ,  adminis-  
t r a t i o n ,  and d r a f t i n g .  The M i n i s t e r  of A g r i c u l t u r e  i s  expec ted  
t o  occupy t h e  b u i l d i n g  s h o r t l y  and t h e  Chief of  S e r v i c e  w i l l  move 
h i s  o f f i c e  t o  a  nearby s t r u c t u r e .  

O the r  donor a s s i s t a n c e  i s  r e p r e s e n t e d  by t h e  f o l l o w i n g  
endeavors.  The French a s s i s t a n c e  i s  r e p r e s e n t e d  by two w e l l  
l ogge r s ,  M r .  Merer and M r .  Berger  who have been working w i t h  t h e  
West German Hydrogeo log i s t .  They head t h e  p u b l i c  works s e c t i o n  
i n  c a r r y i n g  o u t  i t s  o b j e c t i v e s  and, s p e c i f i c a l l y ,  p r o v i d e  
o p e r a t i o n a l  s u p p o r t  f o r  d r i l l  r i g ,  on- the- job t r a i n i n g  t o  crews 
and s p e c i a l  t r a i n i n g  t o  s e l e c t e d  d r i l l  p e r sonne l .  They a r e  
a s s i s t e d  by a  c o n t r a c t e d  West German mechanic, M r .  R iedz ig ,  and a  
Uni ted  Na t ions  d r i l l  e x p e r t ,  M r .  Mart in.  

The West German t e c h n i c a l  a s s i s t a n c e  i n  h y d r o 1 0 9  and 
hydroyeology i s  headed by D r .  Muel ler  w i t h  a s s i s t a n c e  from M r .  
T r eade r .  No D j i b o u t i a n  c o u n t e r p a r t  has  been a s s igned .  T h i s  
p r o j e c t  h a s  been extended f o r  an  e x t r a  y e a r  i n t o  1982. The W e s t  
Germans r e p r e s e n t  t h e  wa te r  s e c t i o n .  They l o g  w e l l s ,  de te rmine  
wa t e r  q u a n t i t y  by pump t e s t i n g ,  gauging s t a t i c  and dynamic change 
i n  p r i o r i t y  a r e a s .  R e s u l t s  have n o t  y e t  been o b t a i n e d .  They 
de t e rmine  s i t e s  f o r  p u b l i c  works wa te r  t e s t  d r i l l i n g .  They 
e s t a b l i s h  w e l l  n e t s  t o  de t e rmine  a q u i f e r  volume and p r e c i s e  
l o c a t i o n s  w h i l e  t r a i n i n g  t h e  p u b l i c  works s e c t i o n  on w e l l  l ogg ing  
p rocedures .  They p r o v i d e  f i e l d  wa te r  samples which a r e  p r e s e n t l y  
t e s t e d  i n  Germany b u t  w i l l  b e  t e s t e d  i n  t h e  wa te r  l a b o r a t o r y .  
They w i l l  p r e p a r e  r e p o r t s  and recommendations on t h e  wa t e r  
r e s o u r c e  of  D j i b o u t i  based  upon f i e l d  and l a b o r a t o r y  r e s u l t s .  

The re  h a s  been a d d i t i o n a l  French e x p e r t i s e  p rov ided  i n  
a d m i n i s t r a t i o n .  No land-use  s p e c i a l i s t  h a s  been mentioned t o  
s y n t h e i s i z e  t h e  i n fo rma t ion  from t h e  water  s e c t  i on  ( W e s t  German- 
a s s i s t e d )  and t h e  s o i l s  s e c t i o n  ( ~ m e r i c a n - a s s i s t e d )  i n  terms of  
development of a  N a t i o n a l  Resource Inven tory  Plan .  

The American p e d o l o g i s t  a d v i s o r  i s  r e s p o n s i b l e  f o r  t h e  
fo l l owing :  

H e  h a s  de s igned  t h e  l a b o r a t o r y  f a c i l i t i e s  and t ended  t o  
t h e i r  p rope r  i n s t a l l a t i o n  which is  s t i l l  i n  p rog re s s .  H e  
p r o v i d e s  o p e r a t i o n a l  and adv i so ry  s u p p o r t  t o  a l l  o f  t h e  soi ls  
s e c t i o n .  H e  w i l l  t r a i n  t h e  l a b o r a t o r y  a s s i s t a n t  i n  w a t e r  q u a l i t y  
a n a l y s i s  a s  w e l l  a s  s o i l  a n a l y s i s .  H e  i s  t r a i n i n g  t h e  p e d o l o g i s t  
i n  s o i l s  i n v e s t i g a t i o n s .  H e  i s  developing a  t e c h n i c a l  l i b r a r y  
and w i l l  t r a i n  t h e  l i b r a r i a n .  H e  is  working a c r o s s  
o r g a n i z a t i o n a l  l i n e s  w i t h  t h e  wa te r  s e c t i o n ,  t h e  A g r i c u l t u r a l  
S e r v i c e ,  t h e  M i n i s t r y  of A g r i c u l t u r e ,  ISERTS and P u b l i c  Works b u t  
h e  r e p o r t s  on ly  t o  t h e  Chief  of  Rura l  Eng ineer ing  S e r v i c e .  



The Work Load f o r  the  D j i b o u t i a n  ----- 
S o i l  and  Water  P r o j e c t  -- 

To f a c i l i t a t e  r e c o g n i t i o n  o f  p r o g r e s s  i n  t h e  work f o r  t he  
D j i b o u t i a n  s o i l  and  w a t e r  l a b o r a t o r y  p r o j e c t ,  i n c l u d e d  i s  t h e  
f o l l o w i n g  l i s t  o f  work c a t e g o r i e s  t h a t  were  e x p l i c i t l y  or 
i m p l i c i t l y  s t a t e d  t o  a c c o m p l i s h  t h e  g o a l s  and  o b j e c t i v e s  of  the  
p r o j e c t .  

Equipment 

A .  C o n s t r u c t i o n  of  t h e  b u i l d i n g  
B .  C o n s t r u c t i o n  o f  t h e  l a b o r a t o r y  f a c i l i t i e s  
C .  O r d e r i n g  and  p u r c h a s i n g  equipment ,  m a t e r i a l s  and  

s u p p l i e s  
D .  Equipment a n d  m a t e r i a l s  i n v e n t o r y  
E .  Equipment m a i n t e n a n c e  
F . R e s t o c k i n g  m a t e r i a l s  and  s u p p l i e s  

11. L a b o r a t o r y  A n a l y s e s  

A .  T e s t  so i l s  f o r  n i t r o g e n ,  phosphorous ,  p o t a s s i u m ,  
m i c r o n u t r i e n t s ,  s a l i n i t y ,  c o n d u c t i v i t y ,  
c a r b o n a t e s ,  l i m e ,  t e x t u r e ,  s t r u c t u r e ,  bu lk  d e n s i t y  
a n d  o t h e r s ' .  
T e s t  w a t e r  f o r  sodium, p o t a s s i u m ,  c a l c i u m ,  
magnesium, phosphorous ,  manganese,  i r o n ,  
c a r b o n a t e ,  s u l f u r ,  n i t r a t e ,  c h l o r i d e  and  o t h e r s .  
I n d e p e n d e n t l y  a n a l y z e  a l l  s o i l  and  w a t e r  t y p e s  i n  
D j i b o u t i .  
E s t a b l i s h  proper l a b o r a t o r y  t e c h n i q u e s .  
E s t a b l i s h  p r o p e r  l a b o r a t o r y  p r o c e d u r e s .  
E s t a b l i s h  s ample  f l ow.  
Compute r e s u l t s  o f  a n a l y s e s .  
Record r e s u l t s .  
Make recommendat ions .  
Ar range  f o r  o u t s i d e  a n a l y s e s  o f  c l a y s  a n d  t r a c e  
e l e m e n t s .  

111. Water Q u a l i t y  A n a l y s e s  

A .  T e s t  a l l  s amples  r e c e i v e d .  
B .  Rece ive  a l l  s amples  p r e s e n t e d .  
C .  T e s t  each  s p e c i f i c  a n a l y s i s .  
D. Record and  r e p o r t  r e s u l t s  o f  tes ts .  
E .  C o o r d i n a t e  t h e  e f f o r t s  w i t h  o t h e r  a g e n c i e s ,  i . e . ,  

ISERTS, P u b l i c  Water  and  P u b l i c  Works. 



S o i l  Chemical  A n a l y s e s  

VI. 

A .  Collect  s o i l  f e r t i l i t y  s amples .  
B .  Make a p p r o p r i a t e  tests  f o r  e a c h  u s e r .  
C .  A c q u i r e  a p r e d i c t i v e  c a p a b i l i t y  f o r  

recommendat ions  b a s e d  on  Lab.  r e s u l t s .  
D .  D i s t r i b u t e  t h e  i n f o r m a t i o n .  
E. R e p o r t  r e s u l t s .  
F .  Make recommendat ions  o n  s o i l  amendments and  l a n d  

u s e  o p t i o n s .  
G .  C o o p e r a t e  w i t h  e x t e n s i o n  s e r v i c e .  

S o i l  S u r v e y  

I d e n t i f y  the  n a t u r a l  s o i l  b o d i e s  
Describe t h e  s o i l  c h a r a c t e r i s t i c s  
C l a s s i f y  t h e  s o i l s  f o r  compar i son  w i t h  s i m i l a r  
so i l s  e l s e w h e r e .  
Write o f f i c i a l  s o i l s  d e s c r i p t i o n  
Describe the s o i l  mapping u n i t  
Map t h e  e x t e n t  o f  s i m i l a r  s o i l s  a t  s m a l l  and  
medium s c a l e s  
Write a r e p o r t  o n  t h e  soils and  i n c l u d e  t h e  map 
d e s c r i p t i o n s  and  i n t e r p r e t a t i o n s  
I n t e r p r e t  the  s o i l s  f o r  a g r i c u l t u r a l  u s e s  f o r  l a n d  
u s e  o p t i o n s ,  i r r i g a t i o n ,  a n d  run-of f  a g r i c u l t u r e ,  
s e l e c t e d  c r o p s ,  c r o p p i n g  p r a c t i c e s  a n d  p r o d u c t i o n  . 

p o t e n t i a l .  
Make a n a t i o n a l  soils map a t  1 :100 ,000  scale 
Make a n a t i o n a l  s l o p e  map a t  1 :100 ,000  
Make a n a t i o n a l  w a t e r s h e d  map a t  1 :100 ,000  
Make a p p r o p r i a t e  i n t e r p r e t i v e  maps 
Make l a r g e  scale  maps o f  p o t e n t i a l  a g r i c u l t u r a l  
areas, i . e . ,  A t a r ,  Mouloud, Doudubbda, Gran Bara ,  
Gobbad, T a d j u r a ,  Han le ,  E t c .  
Make i n d i v i d u a l  s o i l s  r e p o r t s  f o r  c o o p e r a t i v e  lab. 
c l i e n t a l  t o  be u s e d  i n  l a n d  u s e  d e c i s i o n s .  
P r o v i d e  g u i d a n c e  f o r  s u b s e q u e n t  s o i l  and  w a t e r  
a n a l y s e s  i n  the  f i e l d .  

Land U s e  P l a n n i n u  

Make random sample  f o r  N a t i o n a l  R e s o u r c e  I n v e n t o r y  
Describe a l l  o f  t h e  n a t u r a l  r e s o u r c e s  i n  d e t a i l  
f o r  each s a m p l e  p l o y .  
Summarize the  r e s u l t s  o f  t h e  i n v e n t o r y .  
Design t h e  i n v e n t o r y  f o r  p l a n n i n g  a s s i s t a n c e .  
Des ign  t h e  i n v e n t o r y  f o r  l a n d  u s e  m o n i t o r i n g  
Make r a n g e l a n d  i n t e r p r e t a t i o n s  
Make i r r i g a t e d  a g r i c u l t u r a l  l a n d  i n t e r p r e t a t i o n s  



V I I .  Random Sample 

A .  Make random sample  f o r  N a t i o n a l  Resource  I n v e n t o r y  
B .  Describe a l l  o f  the  n a t u r a l  r e s o u r c e s  i n  d e t a i l  

f o r  e a c h  sample  p l o t  
C .  Summarize t h e  r e s u l t s  o f  t h e  i n v e n t o r y  
D .  Des ign  the  i n v e n t o r y  f o r  p l a n n i n g  a s s i s t a n c e  
E .  Des ign  t h e  i n v e n t o r y  f o r  l a n d  u s e  m o n i t o r i n g  
F . Make r a n g e l a n d  i n t e r p r e t a t i o n s  
G .  Make i r r i g a t e d  a g r i c u l t u r a l  l a n d  i n t e r p r e t a t i o n s  

V I I a .  R e m o t e  S e n s i n q  

A .  Collect  remote s e n s i n g  imagery 
B .  Teach  r emote  s e n s i n g  t e c h n i q u e s  
C .  Develop p r o c e d u r e  f o r  l a n d  u s e  m o n i t o r i n g  
D .  U s e  r e m o t e  s e n s i n g  t o  make r e s o u r c e s  e v a l u a t i o n  
E .  E s t a b l i s h  g round  t r u t h  f o r  remote s e n s i n g  
F .  Recommend f u t u r e  u s e s  of  remote s e n s i n q  

V I I I .  

IX. 

T r a i n i n g  F u n c t i o n s  

Teach  l a b o r a t o r y  a n a l y s i s  o f  s o i l  and  w a t e r  
Teach  l a b o r a t o r y  management 
Teach l a b o r a t o r y  r e p o r t i n g  
Teach s o i l  s u r v e y  and r e p o r t i n g  
Teach  s o i l  i n t e r p r e t a t i o n  
Teach s o i l  and  w a t e r  r e s o u r c e  e v a l u a t i o n  
Teach r emote  s e n s i n g  i n t e r p r e t a t i o n  and  
a p p l i c a t i o n  
Teach  c a r t o g r a p h y  
Teach l i b r a r y  management 
Teach  c a t a l o g u i n g  and  d a t a  management. 
I d e n t i f y  s h o r t  t e r m  t r a i n i n g  needs  f o r  t w o  p e o p l e  
E v a l u a t i o n  of  l a b o r a t o r y  p e r s o n n e l  

T e c h n i c a l  L i b r a r y  

A.  E s t a b l i s h  a  l i b r a r y  o f  t e c h n i c a l  i n f o r m a t i o n  on 
s o i l s ,  w a t e r ,  h y d r o l o g y ,  g e o l o g y  and  agronomy 

B .  Orde r  t e x t s ,  books,  j o u r n a l s  and  r e p o r t s  
C .  E s t a b l i s h  c a t a l o g u i n g  and  c h e c k i n g  p r o c e d u r e s  
D .  C a t a l o g u e  p a s t  and  p r e s e n t  r e p o r t s  

X .  P r o j e c t  ~ e c o m m e n d a t i o n s  

A .  Give  n a t i o n a l  overv iew o f  so i l s  r e s o u r c e  
B .  E v a l u a t e  a g r i c u l t u r a l  p o t e n t i a l  
C .  Recommend f o r  o r  a g a i n s t  f u r t h e r  i n v e s t m e n t  i n  

w a t e r  
D. Recommend f o r  or  a g a i n s t  f u r t h e r  i n v e s t m e n t  i n  t h e  

a g r i c u l t u r a l  s e c t o r  



X I .  

E .  N o t i f y  GROD and A I D  and MOA o f  t h e  p r o g r e s s  of t h e  
p r o j e c t  

F .  N o t i f y  GROD and A I D  and MOA of expec ted  s h o r t  
f a l l s  i n  t h e  p r o j e c t  

G .  Recommend f u t u r e  fo l low through gu idance  f o r  
a d a p t i v e  s t u d i e s  and r e p o r t s  

E s t a b l i s h  User  s e r v i c e s  

A .  Determine who i s  i n t i m a t e l y  concerned w i t h  l a n d  
u s e  

B .  E s t a b l i s h  communication w i t h  l and  u s e r s  
C .  E s t a b l i s h  s e r v i c i n g  p r o c e d u r e s  f o r  l a n d  u s e r s  
D .  T e s t  a  means and format  f o r  i n f o r m a t i o n  

d i s s e m i n a t i o n  

X I I .  Working R e l a t i o n s h i p s  

Report  t o  t h e  Chief  of  S e r v i c e  of Genie R u r a l  
Advise t h e  w a t e r  s e c t i o n  of Genie R u r a l  
Coopera te  w i t h  t h e  M i n i s t r y  of A g r i c u l t u r e  
Coopera te  w i t h  t h e  A g r i c u l t u r a l  S e r v i c e  
Coopera te  w i t h  ISERTS 
Coopera te  w i t h  p r i v a t e  c i t i z e n s  
Keep A I D  informed on t h e  p r o j e c t  
Coopera te  w i t h  P u b l i c  Works 
Represent  Resources Development A s s o c i a t e s  

X I I I .  R e ~ o r t s  

A.  Annual work p l a n  
B .  Q u a r t e r l y  r e p o r t  
C .  S p e c i f i c  a r e a  r e p o r t s  
D .  F i n a l  r e p o r t  



IMPLEMENTATION PLAN 

1979 

J a n u a r y  

F e b r u a r y  

A p r i l  

J u n e  

1980  

F e b r u a r y  

March 

J u l y  

Augus t  

September  

O c t o b e r  

November 

December 

OBJECTIVE RESPONSIBILITY 

P r o j e c t  P r o p o s a l  approved  AAO/D REDSO/EA 
P r o j e c t  Agreement S igned  

PIO/T i s s u e d  and c o n t r a c t i n g  AID/W REDSO/EA 
f o r  t e c h .  s e r v i c e s  b e g i n  

V e h i c l e s  and equipment  o r d e r e d  AAO/D REDSO/EA 

P r o j e c t  agreement  r e v i s e d  t o  AAO/D REDSO/EA 
i n c l u d e  o n l y  t h e  S o i l s  & 

Water L a b o r a t o r y  

Housing f o r  t e c h n i c i a n  o b t a i n e d  AAO/D 

C o n s t r u c t i o n  b e g i n s  on l a b o r a t o r y  GROD 
b u i l d i n g  

Equipment a r r i v e s  AAO/D GROD 

Temporary c o n t r a c t  s i g n e d  f o r  RDA/AAO/D GROD 
Tech. a s s i s t a n c e  REDSO/EA A I D / W  

T e c h n i c a l  a s s i s t a n c e  a r r i v e s  RDA AAo/D 

Degree  t r a i n e d  D j i b o u t i a n  GROD 
p e d o l o g i s t  a s s i g n e d  
L a b o r a t o r y  m a t e r i a l  i n v e n t o r i e d  RDA Gen ie  R u r a l  
L a b o r a t o r y  f a c i l i t i e s  l a y o u t  & RDA Gen ie  R u r a l  
r e q u i r e m e n t s  d e f i n e d  

O r d e r  c h e m i c a l s ,  m a t e r i a l s ,  RDA Genie Rural 
f i e l d  equipment  and  s a t e l l i t e  AAO/D 
imagery 
C o n s t r u c t  l a b o r a t o r y  f a c i l i t i e s q  GROD 

S i g n  f i n a l  c o n t r a c t  agreement  RDA AAO/D GROD 
REDSO/EA A I D / W  

E s t a b l i s h  l i b r a r y  RDA Gen ie  R u r a l  
F i e l d  r ev iew of  so i l s  RDA Gen ie  R u r a l  

Write Annual Work P l a n  RDA G e n i e  R u r a l  
G ive  t r a i n i n g  i n  s o i l  RDA Gen ie  R u r a l  
d e s c r i p t i o n  & c l a s s i f i c a t i o n  

C o n t i n u e  t r a i n i n g  i n  s o i l s  RDA G e n i e  R u r a l  



J anua ry  Give  t r a i n i n g  i n  so i l  
c a r t o g r a p h y  
Make p r e l i m i n a r y  soi ls  map 
D r a w  random s o i l  i n v e n t o r y  
s a m p l e s  
Write Q u a r t e r l y  R e p o r t  

RDA G e n i e  R u r a l  

RDA 

RDA 
RDA 

F e b r u a r y  

March 

A p r i l  

May-July 

C o l l e c t ,  d e s c r i b e  & c l a s s i f y  
30 soi ls  f o r  so i l s  i n v e n t o r y  

RDA G e n i e  R u r a l  

G ive  t r a i n i n g  i n  r emote  s e n s i n g  
I n s t a l l  l ab  equipment  

RDA G e n i e  R u r a l  
RDA G e n i e  R u r a l  

Write Q u a r t e r l y  R e p o r t  
R e c e i v e  equipment  & materials 

RDA 
RDA G e n i e  R u r a l  

E n t e r  d e t a i l e d  t r a i n i n g  i n  l ab  
p r o c e d u r e s  a n d  tech. f o r  water 
q u a l i t y  tes ts  
Write Annual  Work P l a n  & 
Q u a r t e r l y  R e p o r t  

RDA G e n i e  R u r a l  

RDA G e n i e  R u r a l  

Aug-Sept . E n t e r  d e t a i l e d  t r a i n i n g  f o r  l a b  
p r o c e d u r e s  a n d  t e c h .  f o r  
s o i l  t e s t s  

RDA G e n i e  R u r a l  

O c t - D e c .  W r i t e  Q u a r t e r l y  R e p o r t  
D o  small  & medium s c a l e  s o i l  
s u r v e y  i n v e s t i g a t i o n s .  

RDA 
RDA G e n i e  R u r a l  

Jan-Feb.  Write Q u a r t e r l y  R e p o r t  
C o n t i n u e  s m a l l  & m e d .  scale 
s u r v e y  i n v e s t i g a t i o n s  

RDA 
RDA G e n i e  R u r a l  

March 

A p r i l  

I n t e r p r e t  l a n d  u s e  f o r  a l l  
so i ls  s t u d i e d  

RDA G e n i e  R u r a l  

Compute the  r e s u l t s  o f  so i l  & 

water a n a l y s i s  
G ive  t r a i n i n g  o n  r o u t i n e  lab  
a n d  so i l s  r e p o r t s  

RDA G e n i e  R u r a l  

RDA G e n i e  R u r a l  

May-June 

J u l y  

Review, summarize,  s y n t h e s i z e  
a n d  make f i n a l  r e p o r t s  

RDA G e n i e  R u r a l  

B r i n g  t h e  p r o j e c t  t o  c o n c l u s i o n  RDA Gen ie  R u r a l  
AAO/D 



J a n u a r y  

June-Ju ly  

August 

September 

1484 

June-Ju ly  

August  

1985 

J u n e  

Lab A s s i s t a n t  goes  f o r  6 
months OJT 

Follow-up t e c h n i c a l  r e t u r n  v i s i t  

P r e s e n t  F i n a l  Repor t  
P r o j e c t  e v a l u a t i o n  

Tech. a d v i s o r  writes r e p o r t s  
on v i s i t  

P e d o l o g i s t  b e g i n s  2 y r  p o s t  
g r a d u a t e  t r a i n i n g  

Tech. a d v i s o r ' s  f i n a l  fol low- 
up review of l a b  & a s s i s t s  
l a b  t e c h .  w h i l e  p e d o l o g i s t  i s  
gone 

Tech a d v i s o r  w r i t e s  r e p o r t  on 
v i s i t  

P e d o l o g i s t  r e t u r n s  t o  resume 
l a b  r e s p o n s i b i l i t i e s  

Genie P.ural AAO/D 

RDA Genie  R u r a l  
AAO/D 
RDA 
AAO/D A I D  
REDSO/EA 

RDA 

Genie R u r a l  AID 

RDA Genie  R u r a l  

RDA 

Genie  R u r a l  



TABJ..E I: S U P P m m  HCURS 

----------  
P i i l 3 " L l  AND IAEWRUG OF 'IIE SOIL AM) 

BEST AVAILABLE COPY 

I 
Beneficiary 

1 
S~laries 
pcr mth 

~ g r c n a n i s  t 

- 

-7- 

1 6 1 , 6 6 2  

A n n ~ a l  
C:ust 

4 5 , 6 0 0  

Nc. of 
1~ 4:s / 

1 7 3  

Technician 

Reserved for I 
F i n a n c e  M l n i s t c r  I 

I 

3 1 , 2 0 0  I 
I 

Accou~~t times 

i 12U 1 0 9 , 9 1 7  1 1 2 0  
I 

j 
1 

i 
1 
I 

f 
I 
I 
I 

I 

-- 7 
i 
I 

- -- 
1; I 

-- ---- ----- 

j 

Lalxxatory 
Assistants (x 2 )  

PAechanic/ 
D r i v e r  

%&s (X 2) 

Labourers 

! Lx 2, 
Janitor 

-kmtant/ 
Secretary 

AbmUAL !IWAL 

2 5 %  

1 2 0  

i 

50% 7 5 %  

I I ! 9 0 , 5 4 2  1 2 0  1 1 2 0  

--- 

_ _ . _ F _ _ _ _ _ d _ _ I  

1 2 0  

1 2 0  

5 9 , 4 0 0  

1 5 , 8 5 0  

1 5 , 8 5 0  

1 

1 2  0  

1 2 0  

I 2 5 , 8 U O x 2 -  
5 1 , 6 0 0  

1 0 , 0 5 0  

2 , 6 8 1  x 2- 
5 ,  3 6 2  -I---- - 

I 
I 1 7 , 7 0 0  

6 7 , 9 0 0  

-------- 

-- I 
I 

-- 

- __- - - - . .  

1 4 3 , 8 1 2  

- ---- _ 
I 

- -- 
7 , 9 3 2 , 8 1 6  

--- -- --- -- - 



APPENDIX C-4 - 
S t a t u s  o f  -- t h e  S o i l s  A n a l y s i s  and 

Water R e s o u r c e s  L a b o r a t o r y  

SUMMARY 

FROM: Adoubaker D o u a l e  
D r .  J o s e p h  Goebel 

TO: M i n i s t e r  o f  A g r i c u l t u r e  
a n d  R u r a l  Development  

SUBJECT: R e p o r t  o n  t h e  S t a t u s  o f  t h e  S o i l s  P - n a l y s i s  
a n d  Water R e s o u r c e s  L a b o r a t o r y  

I n t r o d u c t i o n  

F o l l o w i n g  y o u r  r e q u e s t  o f  J a n u a r y  7 ,  1981 ,  w e  are  s u b m i t t i n s  
t h i s  r e p o r t  t o  you c o n c e r n i n g  t h e  s t a t u s  o f  t h e  S o i l s  A n a l y s i s  
a n d  Water R e s o u r c e s  L a b o r a t o r y .  

A l a b o r a t o r y  for  d e t e r m i n i n g  water q u a l i t y ,  s o i l  f e r t i l i t y ,  
a n d  s o i l  charac te r i s t ics  i s  b e i n g  i n s t a l l e d  i n  D j i b o u t i  w i t h  t h e  
t e c h n i c a l  a s s i s t a n c e  o f  R e s o u r c e s  Development .  Associates, a  
C a l i f o r n i a  company, w i t h  a s s i s t a n c e  i n  f i n a n c i n g  a n d  equ ipmen t  
f rom t h e  Agency f o r  I n t e r n a t i o n a l  Development o f  t h e  U n i t e d  
S t a t e s  o f  A m e r i c a  a n d  t h e  p e r s o n n e l  and  a d m i n i s t r a t i v e  s u p p o r t  o f  
t h e  M i n i s t e r  o f  A g r i c u l t u r e  a n d  R u r a l  Development o f  o u r  c o u n t r y .  

By t he  end  o f  t h e  two-year  c o n t r a c t ,  a r a t i o n a l  c o n c l u s i o n  
a b o u t  t h e  q u a n t i t y  a n d  q u a l i t y  o f  s o i l s  and  water f o r  p u b l i c ,  
i n d u s t r i a l  a n d  a g r i c u l t u r a l  n e e d s  w i l l  be f u r n i s h e d .  

T a s k s  t h e  - L a b o r a t o r y  

The l a b o r a t o r y  w i l l  make p h y s i c a l  and  c h e m i c a l  a n a l y s e s  o f  
a l l  o f  t h e  s o i l  and  w a t e r  s a m p l e s  and  t h e  r e s u l t i n g  i n v e n t o r y  and  
c l a s s i f i c a t i o n  o f  t h e  s o i l s  f o r  t h e  G e n i e  R u r a l ,  t h e  A g r i c u l t u r e  
S e r v i c e ,  ISERTS, AFVP, C I D R  a n d  i n d i v i d u a l  f a r m e r s .  Thus ,  
s e l e c t e d ,  p r i o r i t y  areas, Doudas,  Grand Bara, Tad j o u r a h ,  A t a r ,  
Mouloud a n d  B i s s i d i r o u ,  among others, c a n  be a d e q u a t e l y  
e x p l o i t e d .  

L i b r a r v  

I n  o r d e r  t o  f a c i l i t a t e  t h e  t a s k s  o f  t h e  l a b o r a t o r y  and  a i d  
a l l  t h o s e  i n t e r e s t e d  i n  t h e  a f o r e m e n t i o n e d  t o p i c s ,  a t e c h n i c a l  
l i b r a r y  o f  s u b j e c t s  r e l e v a n t  t o  s o i l  and  w a t e r  w i l l  b e  i n s t a l l e d  
v e r y  soon .  I t  w i l l  a l so  f u r n i s h  s c i e n t i f i c  r e p o r t s  a n d  
recommendat ions  c o n c e r n i n g  l a n d  u s e .  



Pe r sonne l  T r a i n i n g  

D r .  Joseph  Goebel,  p e d o l o g i s t / a d v i s o r ,  w i l l  g i v e  a l l  
n ece s sa ry  on- the- job p r o f e s s i o n a l  t r a i n i n g  t o  t h e  n a t i o n a l  
p e d o l o g i s t  and t e c h n i c i a n s ,  i n c l u d i n g  s imp le  s o i l  d e s c r i p t i o n ,  
development and d r a f t i n g  of  maps, and r e a s o n a b l e  i n t e r p r e t a t i o n  
o f  t h e  l a b o r a t o r y  r e s u l t s .  Formal pos t -g r adua t e  t r a i n i n g  i s  
f o r e s e e n  f o r  t h e  n a t i o n a l  p e d o l o t g i s t  i n  o r d e r  t o  p r e p a r e  him t o  
surmount unusua l  and non- rou t ine  problems. 

Es t imated  Number Annual Samples 

Cons ide r i ng  t h e  h i g h l y  q u a l i f i e d  pe r sonne l  and t h e  
l a b o r a t o r y  m a t e r i a l  and f a c i l i t i e s  t h a t  w i l l  be  a v a i l a b l e ,  2,000 
s o i l  f e r t i l i t y  samples and 1 ,000  w a t e r  q u a l i t y  samples c o u l d  be 
ana lyzed  a n n u a l l y .  

O r g a n i z a t i o n a l  S t a t u s  -- o f  t h e  Labora to ry  

A s  i n  every  o t h e r  coun t ry ,  t h e  l a b o r a t o r y  i s  expec t ed  t o  
s e r v e  s e v e r a l  governmental  s e r v i c e s  and t h e  p r i v a t e  s e c t o r .  
S i n c e  t h e  r equ i r emen t s  of  each c l i e n t  w i l l  va ry  from one t i m e  t o  
a n o t h e r ,  it shou ld  h o l d  a  l a r g e l y  independent  p o s i t i o n  under i t s  
a s s i g n e d  Min i s t r y  i n  o r d e r  t o  have more freedom t o  e v a l u a t e  and 
a d j u s t  t h e  cha rge s  f o r  t h e  r eques t ed  s e r v i c e s  and t r e a t  i t s  
c l i e n t e l e  w i t h  more e q u a l i t y  and o b j e c t i v i t y  w h i l e  meet ing 
s p e c i f i c  r e q u e s t s .  

Cos t s  f o r  Sample Ana ly s i s  - 
Exper ience  t e a c h e s  us t h a t  i f  t h e  s e r v i c e s  a r e  f r e e ,  t h e  

l a b o r a t o r y  w i l l  r e c e i v e  t o o  many u s e l e s s  samples,  and t h e  r e s u l t s  
w i l l  o f t e n  be  i gno red .  The re fo r e ,  t a k i n g  i n t o  accoun t  t h e  c o s t  
o f  equipment and c o n s t r u c t i o n ,  t h e  fo l l owing  d i f f e r e n t  cha rqe s  
w i l l  be  e f f e c t i v e :  

For  s a m p l e s  t h a t  c o m e  f r o m  other c o u n t r i e s ,  the  cost w o u l d  
b e  6 ,990 DF f o r  each wa t e r  sample, 13,680 f o r  f e r t i l i t y  a n a l y s i s  
o f  each s o i l  sample, and 25,560 DF f o r  a  complete  s o i l  a n a l y s i s .  

For  d i f f e r e n t  n a t i o n a l  s e r v i c e s ,  t h e  c o s t s  would be: 1 , 530  
DF f o r  wa t e r  samples,  2,880 DF f o r  s o i l  f e r t i l i t y  samples and 
5 ,740 DF f o r  a  complete  s o i l  a n a l y s i s .  

F o r ' p r i v a t e  fa rmers  u s ing  t h e  s e r v i c e s ,  w e  p ropose  c h a r g i n g  
a  nominal f e e  between 360 and 900 DF, depending on t h e  t y p e  of 
a n a l y s i s  t o  b e  done. 

W e  hope t h a t  a f t e r  hav ing  r ead  t h i s  r e p o r t ,  .you w i l l  w i sh  t o  
c a l l  a  meet ing concern ing  t h e  s t a t u s  and t h e  r e s p o n s i b i l i t i e s  of 
t h e  l a b o r a t o r y  and i t s  pe r sonne l .  We a sk  you, t h e  M i n i s t e r ,  t o  
a c c e p t  o u r  r e s p e c t s .  



Adoubaker Douale 
D r .  Joseph Goebel 
(Pedologis ts  i n  charge) 

enc: One (1) laboratory budget proposal 



REPORT TO THE MINISTER OF AGRICULTURE 

ON THE STATUS OF THE SOIL AND WATER LABORATORY 

b y  Dr .  Joseph Goebel a n d  M r .  Aboubaker  D o u a l e  

J a n u a r y  20, 1981 

I n t r o d u c t i o n  

I n  r e s p o n s e  t o  y o u r  r e q u e s t  o f  J a n u a r y  7 ,  1981 ,  w e  a r e  
s u b m i t t i n g  t h i s  d e t a i l e d  s t a t u s  r e p o r t  o n  the s o i l  a n d  w a t e r  
laboratory i n  D j i b o u t i .  

A l a b o r a t o r y  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  w a t e r  q u a l i t y ,  
s o i l  f e r t i l i t y  a n d  s o i l  c h a r a c t e r i s t i c s  i s  b e i n g  e s t a b l i s h e d  i n  
D j i b o u t i  w i t h  t e c h n i c a l  a s s i s t a n c e  f rom R e s o u r c e s  Deve lopment  
A s s o c i a t e s  o f  C a l i f o r n i a ,  a f i n a n c i a l  a n d  e q u i p m e n t  g r a n t  f r o m  
t h e  U n i t e d  S t a t e s  Agency f o r  I n t e r n a t i o n a l  Deve lopment  a n d  w i t h  
p e r s o n n e l  a n d  a d m i n i s t r a t i v e  a s s i s t a n c e  f r o m  t h e  M i n i s t e r  o f  
A g r i c u l t u r e  o f  D j i b o u t i .  I t  i s  a n t i c i p a t e d  t h a t  upon s u c c e s s f u l  
c o m p l e t i o n ,  t h i s  l a b o r a t o r y  w i l l  be a major c o n t r i b u t i o n  t o  t h e  
d e v e l o p m e n t  o f  t h e  p r e c i o u s  l i m i t e d  s o i l  a n d  w a t e r  r e s o u r c e s  o f  
t h i s  c o u n t r y .  D u r i n g  the  two y e a r s  a s s i g n e d  t o  e s t a b l i s h  t h e  
l a b o r a t o r y ,  a r a t i o n a l  c o n c l u s i o n  w i l l  be made a b o u t  t h e  q u a n t i t y  
a n d  q u a l i t y  o f  both t h e  s o i l  a n d  w a t e r  r e s o u r c e s  t o  m e e t  p u b l i c ,  
i n d u s t r i a l  a n d  a g r i c u l t u r a l  n e e d s .  

T h e  b u i l d i n g  f o r  t he  laboratory h a s  b e e n  c o n s t r u c t e d ;  t h e  
n e c e s s a r y  p e r m a n e n t  i n s t a l l a t i o n s  a re  b e i n g  made. The  t e s t i n g  
e q u i p m e n t  h a s  b e e n  r e c e i v e d ,  t h e  c h e m i c a l s  a n d  f i e l d  e q u i p m e n t  
a r e  o n  order. A s o i l  s c i e n t i s t  a n d  a  l a b o r a t o r y  t e c h n i c i a n  h a v e  
b e e n  a s s i g n e d  a n d  are  a t  work.  T r a i n i n g  h a s  begun o n  f i e l d  
c h a r a c t e r i z a t i o n  of s o i l s ,  s o i l  mapping and  cartography a f t e r  a 
p r e l i m i n a r y  r e v i e w  o f  l a n d s  o f  D j i b o u t i .  

T h e  l a b o r a t o r y  i s  a j o i n t  v e n t u r e  be tween  D j i b o u t i  a n d  t h e  
U n i t e d  S t a t e s  o f  A m e r i c a  u n d e r  a n  a g r e e m e n t  e n t e r e d  i n t o  i n  A p r i l  
o f  1979 .  I m p l e m e n t a t i o n  o f  the  p r o j e c t  was  d e l a y e d  f o r  v a r i o u s  
r e a s o n s  u n t i l  J u l y ,  1980 .  S i n c e  t h a t  t i m e ,  a c t i v i t y  t o w a r d s  t h e  
o b j e c t i v e  o f  a f u l l y  f u n c t i o n a l  s o i l  a n d  w a t e r  l a b o r a t o r y  has 
i n c r e a s e d  s i g n i f i c a n t l y .  D r .  J o s e p h  G o e b e l  has a r r i v e d  t o  d i r e c t  
t h e  l a b o r a t o r y  a n d  s o i l  i n v e s t i g a t i o n s .  A l a b o r a t o r y  t e c h n i c i a n ,  
F a r a h  O m a r ,  has b e e n  a s s i g n e d  t o  d o  t h e  s o i l  a n d  w a t e r  a n a l y s i s .  
F i n a l  c o n s t r u c t i o n  o f  t h e  p e r m a n e n t  l a b o r a t o r y  f a c i l i t i e s  was  
i n i t i a t e d  a n d  i s  e x p e c t e d  t o  c o n t i n u e  u n t i l  March, when t he  
e q u i p m e n t  c a n  be i n s t a l l e d  a n d  t r a i n i n g  f o r  s p e c i f i c  a n a l y s i s  c a n  
b e g i n .  I n  t h e  meant ime ,  a s s e s s m e n t  o f  t h e  D j i b o u t i a n  s o i l s  a n d  
s o i l  m r p h o l o g y ,  c l a s s i f i c a t i o n  a n d  c a r t o g r a p h y  h a s  begun .  

INTERAGENCY COOPERATION 



B e c a u s e  o f  t h e  p r i m a r y  i m p o r t a n c e  o f  water a n d  so i l s  t o  t h e  
w e l f a r e  o f  t h e  D j i b o u t i a n  p e o p l e ,  many government  a g e n c i e s  a n d  
p e o p l e  w i l l  n e e d  s p e c i f i c  i n f o r m a t i o n  on  these r e s o u r c e s  which  
c a n  b e  p r o v i d e d  by t h e  s o i l  a n d  water l a b o r a t o r y .  A s  a 
c o n s e q u e n c e ,  t h e  f o l l o w i n g  a g e n c i e s  a re  e x p e c t e d  t o  h a v e  s o i l  a n d  
w a t e r  t e s t e d  r e g u l a r l y  a t  t h e  new f a c i l i t y :  

G e n i e  R u r a l  
A g r i c u l t u r a l  S e r v i c e  
I.S.E.R.S.T. 
R ' e g i e  des Eaux 
A.F.V.P. a g r i c u l t u r a l  p r o j e c t s  
C .I . D . R .  a g r i c u l t u r a l  p r o j e c t s  
I n d i v i d u a l  l a n d  owners  

Under  t h e  g e n e r a l  d i r e c t i o n  o f  the M i n i s t r y  o f  A g r i c u l t u r e ,  
t h e  l a b o r a t o r y  s h o u l d  b e  b u d g e t e d  a n d  a u t h o r i z e d  t o  m e e t  t h e  
t e s t i n g  n e e d s  o f  t h e s e  a g e n c i e s .  

ASSISTANCE TO BE PROVIDED BY THE LABORATORY -- -- 

T h e  l a b o r a t o r y  w i l l  a n a l y z e  water s a m p l e s  f o r  c a l c i u m ,  
magnesium, sodium,  p o t a s s i u m ,  phosphorous ,  b o r o n ,  manganese,  
i r o n ,  aluminum, s u l p h a t e ,  n i t r a t e ,  c a r b o n a t e  a n d  c h l o r i n e .  

S o i l  a n a l y s i s  w i  11 i n c l u d e  n i t r o g e n ,  phosphorous ,  p o t a s s i u m ,  
r g a n i c  c a r b o n ,  pH, c a l c i u m  c a r b o n a t e  e q u i v a l e n t ,  c a t i o n  exchange  
a p a c i t y ,  t o t a l  b a s e s ,  e lec t r ica l  c o n d u c t i v i t y ,  t e x t u r e ,  a n d  b u l k  

d e n s i t y  a s  w e l l  as r e l i a b l e  estimates f o r  p e r m e a b i l i t y ,  w a t e r  
i n f i l t r a t i o n  ra tes ,  f i e l d  water c a p a c i t y ,  w i l t i n g  p o i n t ,  so i l  
s t r u c t u r e  a n d  p e r c e n t a g e  o f  o r g a n i c  matter.  

The  so i l s  i n  D j i b o u t i  w i l l  b e  c l a s s i f i e d  a c c o r d i n g  t o  
c o m p r e h e n s i v e  s o i l  taxonomy and  c h a r a c t e r i z e d  a c c o r d i n g  t o  
morphology t o  e x p e d i t e  r e c o g n i z i n g  a n d  g r o u p i n g  s im i l a r  soi ls  
wh ich  w i l l  r e s p o n d  t o  s i m i l a r  t r e a t m e n t  i n  a s i m i l a r  manner.  A 
properly c l a s s i f i e d  s o i l  can a l so  be compared w i t h  s imi la r  s o i l s  
e l s e w h e r e  i n  t h e  w o r l d  whe re  more e x t e n s i v e  i n f o r m a t i o n  i s  
a v a i l a b l e  c o n c e r n i n g  t h e i r  u s e  a n d  deve lopmen t .  

T h e  i n v e n t o r y  o f  the soils w i l l  r e s u l t  i n  maps which w i l l  
g r o u p  t h e  s o i l  w i t h  s i m i l a r  character is t ics  so t h a t  t h e  
l a b o r a t o r y  r e s u l t s  c a n  b e  c o r r e l a t e d  w i t h  so i ls  h a v i n g  s i m i l a r  
morphology .  S i n c e  p r o d u c t i o n  i s  r e l a t e d  t o  s o i l  morphology a n d  
s o i l  chemistry, a n d  p r o d u c t i o n  i s  t h e  f i n a l  r e s u l t  o f  a  so i l  
a n a l y s i s ,  c h e m i s t r y  a n d  morphology r e l a t i o n s h i p s  must  b e  
i d e n t i f i e d  b e f o r e  recommendat ions  c a n  b e  made. 

T h e  p e r s o n n e l  i n  t h e  l a b o r a t o r y  w i l l  d e s c r i b e  a n d  
c h a r a c t e r i z e  t h e  ma jo r  soils o f  D j i b o u t i  w i t h  enough d e t a i l  t h a t  
d e c i s i o n s  a b o u t  l a n d  u s e  can  b e  made. A so i l s  map o f  t h e  e n t i r e  
c o u n t r y  w i l l  b e  made a t  t h e  1 :100 ,000  s c a l e  s i n c e  t h i s  i s  t h e  
b e s t  map a v a i l a b l e  which c o v e r s  t h e  e n t i r e  c o u n t r y .  



There w i l l  be a report  on the  charac te r i s t ics  of each major 
s o i l  i n  Djibouti.  There w i l l  be appropriate in te rpre ta t ions  of 
t he  land use for  each major s o i l .  

There w i l l  be a se lect ion of s i t e s  which have the  most 
su i t ab le  combination of s o i l s  and water i n  order t o  es tab l i sh  a 
p r io r i ty  l i s t  of lands t o  be developed for agr icul ture  t o  
whatever extent the  s o i l s  and water resources w i l l  permit. 

Selected p r i o r i t y  areas w i l l  receive spec i f ic  s o i l  s tudies  
and reports  t o  f a c i l i t a t e  development. These s i t e s  include 
Doudas, Grand Bara, Tad joura, Atar, Hanle, Mouloud, Bissidirou 
and other s i t e s  i den t i f i ed  by the  so i l s  and water invest igations.  

Each individual landowner w i l l  receive a report  on the  s o i l s  
of h i s  parcel  of land t o  a id  the  agr icul tural  technician i n  
making spec i f i c  recommendations as well as i n  identifying the  
piece of land and recongnizing i t s  s o i l  and water resources. 

I n  summary, the  laboratory w i l l  do chemical analyses of s o i l  
and water and a l so  inventory and report  on the  s o i l  resources. 

LIBRARY 

A technical  l ib ra ry  on subjects re la ted t o  s o i l s  and water 
i n  general, as well as  the  s o i l s  and water spec i f i c  t o  Djibouti, 
w i l l  be established t o  f a c i l i t a t e  t he  laboratory and others 
in te res ted  i n  these subjects .  

The laboratory w i l l  regularly produce the  following reports .  
There w i l l  be an Annual Progress Report summarizing the  
achievements of the  previous year, an Annual Work Plan projecting 
t h e  needs of the  coming year, an Annual Budget, Quar ter ly  
Progress Reports and various other spec i f ic  technical  reports .  

PERSONNEL 

The laboratory w i l l  require the  following personnel t o  meet 
m i n i m u m  needs: 

A pedologist fo r  t he  s o i l s  inventory and survey. Fe must 
a l so  supervise the  laboratory analyses and recommendations: a 
laboratory technician t o  conduct the  s o i l  and water analyses and 
maintain the  laboratory f a c i l i t i e s ;  two laboratory a s s i s t an t s  t o  
expedite routine and time-consuming procedures and for  equipment 
maintenance: a secretary capable of some accounting for  general 
communications and materials inventory as well as  maintaining the  
technical  l ibrary:  Other services: a janitor ,  a chauffeur- 
mechanic and a guardian. Two laborers are  a lso  needed for p r o f i l e  
d r i l l i n g .  

OFFICE CONSTRUCTION/EQUIPMENT 



The l a b o r a t o r y  r e q u i r e s  150 s q u a r e  meters of  o f f i c e  s p a c e  
d i v i d e d  i n t o  f o u r  rooms a s  p rov ided .  T h i s  p r o v i d e s  an o f f i c e ,  a  
chemica l  l a b o r a t o r y ,  an  a n a l y t i c a l  equipment room and a  
c a r t o g r a p h i c  room f o r  t h e  s o i l  su rvey .  There  i s  o t h e r  s p a c e  
a v a i l a b l e  f o r  sample p r e p a r a t i o n ,  s t o r a g e  and d i s p o s a l .  The p l a n  
f o r  t h e s e  f a c i l i t i e s  i s  a t t a c h e d .  

The equipment  needed f o r  t h e  s o i l  and w a t e r  a n a l y s i s  i s  
a v a i l a b l e ,  and t h e  i n v e n t o r y  l i s t  i s  a t t a c h e d .  The chemica l s  
needed f o r  t h e  a n a l y s i s  of s o i l s  and w a t e r  have  been o r d e r e d ,  and 
t h i s  i n v e n t o r y  i s  a t t a c h e d .  Equipment f o r  f i e l d  i n v e s t i g a t i o n  of  
t h e  s o i l s  h a s  been o r d e r e d ,  and t h i s  i n v e n t o r y  i s  a t t a c h e d .  The 
l a b o r a t o r y  h a s  a t  i t s  d i s p o s a l  two v e h i c l e s  t o  e x p e d i t e  i t s  f i e l d  
i n v e s t i g a t i o n  and r e n d e r  s e r v i c e  t o  o t h e r  a g e n c i e s .  

The l a b o r a t o r y  r e q u i r e s  w a t e r ,  e l e c t r i c i t y  and t e l e p h o n e s  
which a r e  b e i n g  p rov ided .  Maintenance f o r  t h e  b u i l d i n g  and 
f a c i l i t i e s  a r e  p r o v i d e d .  A t  l e a s t  s i x  p a r k i n g  s p a c e s  a r e  
p r o v i d e d  f o r  l a b o r a t o r y  use .  

PERSONNEL T R A I N I N G :  Work-related I n s t r u c t i o n  

P e d o l o g i s t  

The p e d o l o g i s t  w i l l  r e c e i v e  t r a i n i n g  i n  t h e  f o l l o w i n g  a r e a s  
d u r i n g  h i s  c o u r s e  o f  work. H e  w i l l  l e a r n  how t o :  

a .  D e s c r i b e  t h e  c h a r a c t e r i s t i c s  and morphology o f  t h e  
s o i l .  

b. C l a s s i f y  t h e  s o i l s  a c c o r d i n g  t o  t h e  comprehensive s o i l  
taxonomy of USDA. 

c .  Make s o i l  maps s o  t h e  l o c a t i o n  of  s i m i l a r  s o i l s  w i l l  be 
a s c e r t a i n e d .  

d.  Do chemical  a n a l y s e s  of  s o i l  and w a t e r .  

e. I n t e r p r e t  t h e  s o i l  c h a r a c t e r i s t i c s  f o r  t h e i r  
l i m i t a t i o n s  t o  s p e c i f i c  l a n d  u s e s  such a s  i r r i g a t i o n ,  
c r o p s ,  p a s t u r e  and c o n s t r u c t i o n .  

f .  Make t e c h n i c a l  s o i l s  r e p o r t s  and r e p o r t s  on l a b o r a t o r y  
r e s u l t s .  

L a b o r a t o r y  T e c h n i c i a n  

The l a b o r a t o r y  t e c h n i c i a n  w i l l  r e c e i v e  t r a i n i n g  i n  t h e  
f o l l o w i n g  a r e a s  d u r i n g  h i s  c o u r s e  o f  work. H e  w i l l  l e a r n :  

a. The p r o c e d u r e s  t o  a n a l y z e  a l l  of  t h e  c o n s t i t u e n t s  of 
water l i s t e d  under water q u a l i t y  t e s t i n g .  



b. The procedures f o r  t h e  chemical t e s t s  of s o i l  l i s t e d  
under s o i l  analyses.  

c. To t e s t  t h e  phys ica l  c h a r a c t e r i s t i c s  of s o i l s  l i s t e d  
e a r l i e r .  

d. Proper laboratory methods and techniques. 

e .  How t h e  s o i l  and water samples w i l l  proceed 
sys temat ica l ly  and smoothly through t h e  laboratory 
during t h e i r  analys is .  

f .  To record and r epo r t  t h e  r e s u l t s  of t h e  s o i l  and water 
analys is .  

g. He w i l l  a l s o  receive t r a i n i n g  i n  s o i l  descr ip t ion ,  
c l a s s i f i c a t i o n  and cartography. 

Future Formal Ins t ruc t ion  

The pedologist  should receive two years  of graduate 
i n s t ruc t i on  i n  s o i l  chemistry f o r  a  more thorough background i n  
t h e  sub jec t  i n  order  t o  supply non-routine serv ices .  

The laboratory technician should receive a t  l e a s t  s i x  months 
of  i n s t ruc t i on  a t  a  funct ioning laboratory so he  can f ami l i a r i z e  
himself with h i s  dutues, r e s p o n s i b i l i t i e s ,  procedures and 
techniques i n  t h a t  funct ional  s e t t i n g .  

Af ter  t h e  laboratory becomes funct ional  it would be 
appropr ia te  f o r  t h e  pedologist ,  laboratory technician and t h e  
t echn ica l  advisor t o  make a  3-week v i s i t  t o  a  s o i l  and water 
laboratory funct ioning i n  e s s e n t i a l l y  t h e  same environment. This 
would permit t h e  two l abora to r i es  t o  communicate common problems 
and solu t ions .  

POSITIVE DEVELOPMENTS 

The a r r i v a l  of t h e  t echn ica l  advisor ,  t h e  assignment of a  
competent pedologist  and a  capable laboratory technician and t he  
adminis t ra t ive  ass i s t ance  of Genie Rural have a l l  been very 
bene f i c i a l  i n  launching t h e  laboratory.  The bui lding i s  
constructed,  and mater ia ls  and equipment a r e  on order  o r  have 
already been received. The water inves t iga t ion  by t he  German 
team i s  well  under way. The pedologis t  and laboratory technician 
have been responding wel l  t o  t h e i r  t r a i n i n g  i n  s o i l  descr ip t ion  
and c l a s s i f i c a t i o n .  F ie ld  reconnaissance has been made. Thus, 
t h e  laboratory has been advancing toward i t s  ob jec t ives  i n  s o i l  
and water analyses and s o i l s  inventory. 

INHIBITIVE DEVELOPMENTS 

Some f ac to r s  have re tarded t h e  laboratory i n  obta in ing  i t s  
objec t ives .  The f i n a l  cons t ruc t ion  of t h e  laboratory f a c i l i t i e s  



h a s  n o t  been  c o m p l e t e d .  T h e r e f o r e ,  t h e  work ing  f a c i l i t i e s  h a v e  
b e e n  i n a d e q u a t e  f o r  a  c o n c e n t r a t e d  e f f o r t .  T h i s  h a s  a l s o  
p o s t p o n e d  t r a i n i n g  i n  the  l a b o r a t o r y .  

The c h e m i c a l s  n e e d e d  f o r  a n a l y s i s  h a v e  n o t  been  r e c e i v e d ,  so 
n e i t h e r  t r a i n i n g  n o r  a n a l y s e s  c o u l d  be a c c o m p l i s h e d  e v e n  i f  t h e  
f a c i l i t i e s  h a d  b e e n  c o m p l e t e d .  The equipment  f o r  f i e l d  s t u d i e s  
h a s  n o t  a r r i v e d ,  a n d  t h e r e f o r e  d e t a i l e d  d e s c r i p t i o n s  c a n n o t  be 
made f o r  t h e  so i ls  i n v e n t o r y .  

The  l a b o r a t o r y  p e r s o n n e l  a r e  u n c e r t a i n  a b o u t  t h e i r  
o r g a n i z a t i o n a l  a f f i l i a t i o n .  They a r e  i n  t h e  employ o f  the  
A g r i c u l t u r a l  S e r v i c e ,  b u t  a s s i g n e d  t o  G e n i e  R u r a l .  (The  
l a b o r a t o r y  t e c h n i c i a n  h a s  n o t  r e c e i v e d  h i s  a p p o i n t m e n t  or 
s a l a r y . )  T h e r e  a r e  c o n f l i c t i n g  r e p o r t s  on  t h e  o r g a n i z a t i o n a l  
p o s i t i o n  o f  t h e  l a b o r a t o r y  w i t h i n  t h e  M i n i s t r y  o f  A g r i c u l t u r e .  
T h i s  h a s  t o  d o  w i t h  w h e t h e r  the  l a b o r a t o r y  i s  a  s u b s e c t i o n  o f  
G e n i e  R u r a l  or d i r e c t l y  r e s p o n s i b l e  t o  t he  M i n i s t e r .  

T h e  l a b o r a t o r y  h a s  n o  s p e c i f i c  b u d g e t  t o  c a r r y  o u t  i t s  
a s s i g n e d  d u t i e s  a n d  r e s p o n s i b i l i t i e s .  F i n a n c i a l  a s s i s t a n c e  comes 
from G e n i e  R u r a l  i n  t h e  form o f  b u i l d i n g  a n d  a d m i n i s t r a t i v e  
s e r v i c e s .  T h e  p e d o l o g i s t ' s  and  l a b o r a t o r y  t e c h n i c i a n ' s  sa l r ies  
come f rom t h e  A g r i c u l t u r e  S e r v i c e .  Equipment  i s  s u p p l i e d  by 
USAID. T e c h n i c a l  s e r v i c e s  a r e  s u p p l i e d  by R e s o u r c e s  Development  
A s s o c i a t e s .  T h e  l a b o r a t o r y  h a s  n o  s p e c i f i c  a n d  s y s t e m a t i c  b u d g e t  
w i t h  which  t o  o r g a n i z e  i t s  e x p e n d i t u r e s  a n d  work.  

S i n c e  t h e  s o i l  and  w a t e r  p o t e n t i a l  h a s  n o t  y e t  b e e n  
d e t e r m i n e d ,  t h e  amount o f  e f f o r t  t o  be r e q u i r e d  by t h e  l a b o r a t o r y  
h a s  n o t  been  e s t a b l i s h e d .  I f  t h e r e  i s  a n  a g r i c u l t u r a l  p o t e n t i a l ,  
i t  c a n  be e x p e c t e d  t h a t  s o i l  f e r t i l i t y  a n a l y s e s  w i l l  d o m i n a t e  t h e  
e f f o r t s  o f  t h e  s t a f f ;  w h e r e a s  w i t h  l i m i t e d  a g r i c u l t u r a l  
p o t e n t i a l ,  w a t e r  a n a l y s i s  w i l l  d o m i n a t e  t h e i r  e f f o r t s .  T h i s  h a s  
c a u s e d  a n  e m p h a s i s  on  a s c e r t a i n i n g  t h e  a g r i c u l t u r a l  p o t e n t i a l  o f  
t h e  c o u n t r y  so t h a t  the l a b o r a t o r y  may t h e r e b y  a d  j u s t  i t s  
emphas i s  a p p r o p r i a t e l y .  O v e r a l l ,  t he  l a b o r a t o r y  i s  p r o c e e d i n g  
w e l l  a n d  s h o u l d  a c h i e v e  i t s  o b j e c t i v e s ,  a l though perhaps n o t  i n  
t h e  o r d e r  o r i g i n a l l y  p l a n n e d .  

ESTIMATED NUMBER OF ANALYSES PER YEAR 

With t he  p e r s o n n e l ,  m a t e r i a l  and  f a c i l i t i e s  p r e v i o u s l y  
men t ioned ,  t h e  l a b o r a t o r y  s h o u l d  be able t o  p r o c e s s  a b o u t  2 ,000  
s o i l  f e r t i l i t y  s a m p l e s  and  1 , 0 0 0  w a t e r  q u a l i t y  s a m p l e s  p e r  y e a r  
o n c e  it has become e x p e r i e n c e d  and  e f f i c i e n t .  T h i s  p r o b a b l y  w i l l  
s u p p l y  D j i b o u t i ' s  l ong - t e rm a n a l y t i c a l  n e e d s .  A t  p r e s e n t ,  i t s  
n e e d s  a r e  much smaller. W e  e s t i m a t e  t h e  f o l l o w i n g :  t h e r e  w i l l  
be t w o  c l a s s e s  o f  s o i l  a n a l y s e s .  T h e r e  w i l l  be r o u t i n e  s o i l  
f e r t i l i t y  tests ,  a n d  t h e r e  w i l l  be comprehens ive  t es t s  f o r  
r e s e a r c h  i n  crop p r o d u c t i o n .  The  f i r s t  w i l l  r e q u i r e  f a r  less 
t i m e  a n d  m a t e r i a l s  t h a n  the l a t t e r .  W e  e x p e c t  t o  d o  a s t a n d a r d  
se t  o f  a n a l y s e s  f o r  t h e  w a t e r  s ample s ,  a l t h o u g h  s p e c i a l  t es t s  
w i l l  be r e q u i r e d  f rom t i m e  t o  t i m e .  



S o i l  S a m ~ l e s  

The l a b o r a t o r y  e x p e c t s  t o  t e s t  t h e  s amples  f rom 100 so i l s  
f o r  t h e  s o i l  s u r v e y .  Thus,  

- G e n i e  R u r a l  Around 300 r e s e a r c h  s a m p l e s  
II - A g r i c u l t u r a l  S e r v i c e  II 300 I 

o r  600 r e s e a r c h  s a m p l e s / y r  

- I .S.E.R.S.T. 
- P r e s i d e n t ' s  Development  

O f f  ice  - A.F.V.P. 
C . I . D . R .  - A g r i c u l t u r e  S e r v i c e  
A d m i n i s t r a t i v e  Gardens  - P r i v a t e  i n d i v i d u a l s  

50 f e r t i l i t y  s a m p l e s  

o r  830 F e r t i l i t y  ~ a n ~ l e s / ~ r  

Water Samples  

- P r i v a t e  f a r m e r s  
- W e  11s 
- Wadi a n a l y s e s  - 1.S .E.R.S.T. 
- Nater Depa r tmen t  

300 w a t e r  s ample s  
40 " 11 

100 " I 1  

20 " I 1  

50 " 1 I 

o r  510 w a t e r  s a m p l e s / y r  

ORGANIZATIONAL STATUS OF LABORATORIES 

A s o i l  a n d  w a t e r  l a b o r a t o r y  may o c c u r  anywhere  w i t h i n  t h e  
s t r u c t u r e  o f  the  p a r e n t  o r g a n i z a t i o n .  I ts  a c t u a l  p o s i t i o n  w i t h i n  
t h e  h i e r a r c h y  depends  upon those f o r  whom it works  more t h a n  
a n y t h i n g  else. Some l a b o r a t o r i e s  are t o t a l l y  p r i v a t e  a n d  
i n d e p e n d e n t  a n d  s o l i c i t  b u s i n e s s .  Others  are  a t t a c h e d  t o  l a r g e r  
companies  which o f f e r  s o i l  and  w a t e r  t e s t i n g  as  an  a d d i t i o n a l  
s e r v i c e  t o  t h e i r  c u s t o m e r s :  o r ,  t h e y  are  u s e d  f o r  i n t e r n a l  
r e s e a r c h  o r  t o  g a i n  needed  i n f o r m a t i o n  t o  manage government  
p r o p e r t y .  They a l l  do t h e  same a n a l y s e s ,  b u t  t h e y  a d d r e s s  
d i f f e r e n t  c l i e n t e l e  f rom d i f f e r e n t  p o s i t i o n s .  



The laboratory should be i n  t h e  bes t  organiza t ional  pos i t ion  
t o  dependably serve  i t s  major c l i e n t e l e .  I f  it is expected t o  
serve e s s e n t i a l l y  one agency, then it should be associa ted  with 
t h a t  agency as  c lose ly  as  poss ib le  t o  insure  a  qood working 
re la t ionsh ip .  On t h e  o the r  hand, i f  t h e  laboratory i s  intended 
t o  serve s eve ra l  agencies a s  wel l  a s  t h e  p r i va t e  s ec to r ,  and i f  
t h e  demands of each c l i e n t  s h i f t  from time t o  time, t h e  
laboratory should occupy a  pos i t ion  of g rea te r  independence 
wi th in  t h e  organiza t ion  i n  order  t o  have more freedom t o  evaluate  
and ad jus t  charges f o r  t h e  serv ices  demanded of it. Within a  
l e s s  subordinate  pos i t ion ,  t h e  laboratory can t r e a t  i t s  c l i e n t e l e  
more equal ly and more ob jec t ive ly  while meeting t h e i r  s p e c i f i c  
requests .  

CHARGES FOR TESTING SOIL AND WATER SAMPLES 

Whether o r  not  t o  charge fo r  t e s t s  made by t h e  laboratory i s  
always a  complex quest ion.  Many adminis t ra t ive  decis ions  must be 
made t o  determine a  reasonable pr ice .  

P r i va t e  l abo ra to r i e s  keep an account of a l l  co s t s  and 
p ro j ec t s .  For a l l  l abora to r i es ,  t he  f i r s t  s t e p  i s  t o  determine 
t h e  t o t a l  co s t  of analyzing a  sample. These cos t s  are:  
bui ld ing/ loca t ion ,  personnel,  mater ia ls ,  chemicals and serv ices .  
The laboratory must be funded f o r  a l l  of these  before it can 
render any serv ices .  

I n  government l abora to r i es ,  t h i s  cos t  i s  usual ly considered 
t oo  high fo r  t h e  c l i e n t e l e ,  so o ther  methods of est imation a r e  
used. The t o t a l  c o s t  of analyses can be charged t o  o the r  
s e rv i ce s  which can include such cos t s  i n  t h e i r  budget and s t i l l  
reimburse t h e  labora tory .  One can charge c e r t a i n  c l i e n t s  f o r  t h e  
cos t  of suppl ies  and se rv ices  which a r e  more d i r e c t l y  r e l a t e d  t o  
t h e  analyses.  Others keep account only of se rv ice  f o r  c l i e n t e l e .  
Some charge a  token fee,  while o the r s  o f f e r  se rv ices  t o t a l l y  
supported by government funds. The adminis t ra t ion  of t h e  l a s t  
method i s  t h e  e a s i e s t .  The f i r s t  method might be used i f  enouqh 
s a m p l e s  are received. 

There a r e  severa l  methods used t o  charge users  f o r  s o i l  and 
water t e s t s .  One may charge t h e  e n t i r e  co s t  per sample a s  i n  t h e  
case  of a  p r i v a t e  laboratory.  The t o t a l  annual co s t  i s  t h e  
following: r en t ,  $12,000; permanent equipment, $111,000; 
opera t iona l  expenses $57,334: personnel, $49,000: f o r  a  t o t a l  of 
$229,343: Test ing 3,000 samples per year,  each t e s t  would cos t  
$76.45. However, some t e s t s  a r e  more expensive than o thers .  We 
expect t h a t  when t h e  laboratory s t a b i l i z e s ,  t he r e  w i l l  be about 
500 water samples, 500 s o i l  cha rac te r i za t ion  t e s t s  and 2,000 s o i l  
f e r t i l i t y  t e s t s  t o  analyze. This i s  a  charge of $35.50 f o r  water 
samples, $71.00 f o r  s o i l  f e r t i l i t y  samples and $142.00 f o r  s o i l  
cha rac te r i za t ion  t e s t s .  This could be charged t o  d i f f e r e n t  
agencies t o  pay t h e  ac tua l  co s t  of t h e  laboratory.  B u t  t h i s  i s  
excessive f o r  t h e  p r i v a t e  land owner. He wouldn't use t h e  
se rv ices .  So, t h e  s o i l s  and water laboratory could seek pub l i c  



f u n d i n g  f o r  r e n t ,  permanent  equipment ,  and  somet imes  p e r s o n n e l  
s i n c e  t h e s e  costs a r e  f i x e d ,  i r r e s p e c t i v e  o f  t h e  number o f  
s a m p l e s ,  a n d  t h u s  s t a b l e  f u n d i n g  c o u l d  be e s t a b l i s h e d .  I n  t h i s  
c a s e ,  t h e  o p e r a t i o n a l  costs would b e  $57 ,334  f o r  3 , 0 0 0  samples .  
T h i s  means w a t e r  s amples  would cost $8.50 e a c h ,  s o i l  
c h a r a c t e r i z a t i o n  t e s t s  would c o s t  $32 .00  a n d  s o i l  f e r t i l i t y  t e s t s  
would c o s t  $16 .00 .  T h e s e  p r i c e s  would e n c o u r a g e  other government  
a g e n c i e s  t o  u s e  t h e  s e r v i c e s ,  b u t ,  n e v e r t h e l e s s ,  t o  do s o  w i t h  
c a u t i o n .  However, t h i s  i s  s t i l l  too e x p e n s i v e  f o r  t h e  p r i v a t e  
landowner  who n e e d s  t o  do s e v e r a l  s o i l  tests.  So,  o f t e n ,  i n s t e a d  
o f  $16.00,  h e  i s  c h a r g e d  a  nomina l  f e e  o f  $2.00 f o r  h a n d l i n g  and  
u p  t o  $5.00 t o  c o v e r  t h e  c o s t  o f  c h e m i c a l s .  F r e e  t e s t i n g  u s u a l l y  
i s  n o t  a  good p o l i c y .  E i t h e r  too many u s e l e s s  s a m p l e s  a r e  
r e c e i v e d ,  or t h e  r e s u l t s  a r e  o f t e n  i g n o r e d  s i n c e  t h e r e  was no  
c h a r g e .  

T h e s e  c o n s i d e r a t i o n s  s h o u l d  s e r v e  a s  a  g u i d e  f o r  t h e  
government  i n  e s t a b l i s h i n g  a  p r i c i n g  p o l i c y .  T h e s e  p r i c e s  a r e  
r e a s o n a b l e  and  comparag le  t o  those c h a r g e d  els w h e r e .  F r e e  
s e r v i c e s  a r e  n o t  n o r m a l l y  r e s p e c t e d  and  o f t e n  e n c o u r a q e  a b u s e  of  
s e r v i c e s .  But,  t h e  r e a l  c o s t  i s  much h i g h e r  t h a n  most c l i e n t s  
c a n  pay.  T h i s  means t h a t  l a b o r a t o r y  f a c i l i t i e s  would bge 
u n d e r e x p l o i t e d  d u e  t o  t h e  h i g h  c o s t  o f  a n a l y z i n g  samples .  I n  t h e  
n e a r  f u t u r e ,  w e  w i l l  g i v e  s e v e r a l  a l t e r n a t i v e  e s t i m a t i v e  
s t r a t e g i e s  b a s e d  upon l a b o r a t o r y  costs. 

I n  h o p e s  t h a t ,  h a v i n g  r e a d  t h i s  r e p o r t ,  you w i l l  w i s h  t o  
convene  a  mee t ing  t o  d i s c u s s  t h e  s t a t u s  and  t h e  r e s p o n s i b i l i t i e s  
o f  t h e  l a b o r a t o r y  a n d  i t s  p e r s o n n e l ,  p l e a s e  a c c e p t ,  Your 
E x c e l l e n c y ,  t h e  renewed a s s u r a n c e s  o f '  o u r  r e s p e c t f u l  s e n t i m e n t s .  

D r .  J o s e p h  Goebe l  M r .  Aboubaker Doua le  Waiss  



BUDGET PROPOSAL FOR THE YEAR 1981 

FOR THE S O I L  AND WATER 

RESOURCES ANALYSES LABORATORY 

INTRODUCTION 

Within t h e  American-D j ibou t i an  agreement, t h e  new l abora to ry  
f o r  t h e  ana lyses  of S o i l  and Water Resources comes under t h e  
j u r i s d i c t i o n  of t h e  Minis t ry  of Agr i cu l tu re  and Fura l  
Development. To provide f o r  t h e  needs of a  maximum number of 
Government agenc ies  and i n d i v i d u a l s  and do a  good job of choosing 
t h e  methods f o r  i r r i g a t i o n  and t h e  b e s t  type  of product ion f o r  
each s o i l ,  it h a s  been decided t h a t  t h i s  l abo ra to ry  should be 
inaependent of t h e  o t h e r  s e r v i c e s  of Minis t ry  and have i t s  own 
personnel .  

The reason w e  must s tudy minutely a l l  of t h e  s o i l s  of our 
country i s  t o  be  a b l e  t o  inventory  and map them. I t  i s  
imperat ive  we make t h e  s o i l s  map of t h e  country be fo re  s t a r t i n g  
any a g r i c u l t u r a l  p r o j e c t s  i f  adequate product ion i s  t o  be 
insured.  

Also, t h e  t e c h n i c a l  personnel  of t h e  l abo ra to ry  w i l l  spend 
approximately one t h i r d  of i t s  time i n  t h e  f i e l d  where they  w i l l  
guide a l l  t h e  work of t h e  survey,  t h e  d e s c r i p t i o n  and mapping of 
t h e  s o i l s  i n  t h e i r  broad n a t u r a l  environment. 

This  l abo ra to ry  w i l l  have t h e  averge capac i ty  t o  analyze 
3,000 samples p e r  year .  We propose t o  desc r ibe  about t h r e e  
hundred d i f f e r e n t  s o i l s  t h i s  year .  When t h i s  work i s  f i n i s h e d ,  
a s  w e 1 1  a s  work on t h e  n a t i o n a l  s o i l s  map a t  t h e  s c a l e  of 
1/100,000, we w i l l  b e  a b l e  t o  t ake  a  f u r t h e r  s t ep :  d e t a i l e d  
l o c a l i z e d  s t u d i e s .  

A s  a m e a n s  f o r  t r a n s p o r t a t i o n  f o r  t h e  l abo ra to ry ,  one Land- 
Rover, s t a t i o n  wagon (10 passengers )  and a  Daihatsu Jeep  ( 6  
passengers )  have been provided.  Both t h e s e  two v e h i c l e s  use  
r e g u l a r  gaso l ine .  

In  o rde r  t o  proceed a s  r a p i d l y  a s  p o s s i b l e  i n  desc r ib ing  t h e  
s o i l s  and making r e l a t e d  maps, and w i t h  t h e  s l o w  and more 
d i f f i c u l t  work of d igg ing  t h e  s o i l  p r o f i l e  p i t s ,  two permanent 
working teams w i l l  be necessary.  

1. Personnel expenses 

1.1 E x i s t i n q  p o s t s  - 
There e x i s t s  an agronomist p o s i t i o n  (grade 1250) and an 

a g r i c u l t u r a l  ex tens ion  agent  p o s t ,  f i r s t  c l a s s ,  t h i r d  l e v e l  
(grade  700) .  



1.2 Other employees required -- 
In order  t o  achieve a good d iv i s ion  of the  work e f f o r t ,  t h e  

following pos i t ion  w i l l  be necessary: 

Laboratory technic ian  (grade 850).  This man i s  responsible  
f o r  making proper analyses and fo r  equipment and mater ia l  
maintenance. 

Laboratory a s s i s t a n t  with high qua l i f i c a t i ons  (grade 700). 
This man w i l l  do t h e  rou t ine  analyses i n  t h e  laboratory.  

Accountant-secretary (category 3B) : responsible  a l s o  f o r  
t h e  l i b r a ry .  

Driver-mechanic (category 3A) : responsible fo r  vehicles  ' 
maintenance and dr iv ing i n  t h e  f i e l d .  

J a n i t o r  Pos i t ion  (category 1 B ) :  responsible  f o r  cleaning t h e  
o f f  ices .  

Two watchmen (category 1 A ) :  charged with t he  secur i ty  of a l l  
t h e  materials .  

Two laborers  (category lA) ,  t o  dig t h e  s o i l  p r o f i l e  p i t s .  

1 .3  Per diem --- 
As mentioned above, t he  laboratory personnel a r e  occupied, 

i n  la rge  p a r t ,  by s o i l  descr ip t ion  and s o i l  mapping i n  t h e  f i e l d .  
This w i l l  r equi re  a c r e d i t  t o  t h e  amount of 500,000 Djibouti  
f rancs fo r  per diem. 

1 .4  Overtime - 
(See t a b l e  I ,  a t tached)  

According t o  t h e  t a b l e  I at tached,  143 ,812  Djibouti  Francs 
a r e  required f o r  supplementary hours and 7 ,932 ,816  D . F .  f o r  
wages. 

2 .  Operatinq expenses - 
2 . 1  Venti lat ion 

2 . 1 . 1  Paragraph 1: o f f i c e  supplies .  t h e  laboratory 
needs l o t s  of paper. ~hus - the  500,000 DF budgeted a r e  j u s t i f i ed  
by t h e  p r i ce  of t h e  large  shee t s  of paper used i n  la rge  
q u a n t i t i e s  f o r  making maps. 

2 . 1 . 2  Paragraph 2: Telephone, 500,000 D F  should be 
budgeted j u s t i f i e d  by t h e  cos t  of communications and t h e  numerous 
long-distance c a l l s  required f o r  t h e  laboratory. 



P a r a g r a p h  Uni forms  

The  t e c h n i c a l  p e r s o n n e l  o f  t h e  l a b o r a t o r y  h a v e  a s t a n d i n g  
n e e d  f o r  w h i t e  l a b  c o a t s  t o  a v o i d  a l l  c o n t a c t  w i t h  a c i d .  F o r  
t h i s  r e a s o n  t h e y  w i l l  n eed  a coat e v e r y  t h r e e  months ,  or  twen ty -  
e i g h t  coats p e r  y e a r .  ( 5  t e c h n i c i a n s ,  o n e  j a n i t o r ,  and o n e  
s e c r e t a r y ) .  The  t w o  g u a r d s  and  t h e  c h a u f f e u r  w i l l  n eed  s i x  k h a k i  
u n i f o r m s  a n d  t w o  h a t s .  

Thus ,  70 ,000  DF s h o u l d  b e  a p p l i e d  t o  t h e  a c c o u n t ,  j u s t i f i e d  
b y  t h e  costs a t t a c h e d .  

P a r a g r a p h  t r a n s p o r t a t i o n  

Having  s t a t e d  p r e v i o u s l y  t h a t  t h e  s t u d y  o f  so i l s  i n  t h e  
f i e l d  w i l l  be a yea r - round  a c t i v i t y ,  a n d  h a v i n q  two a l l - t e r r a i n  
v e h i c l e s  a t  o u r  d i s p o s i t i o n ,  500 ,000  DF a r e  n e c e s s a r y .  

2 .1 .5  P a r a g r a p h  6: Material a n d  f u r n i t u r e  ( n o t  t o  b e  - -- - 
r e p l a c e d  

The  l a b o r a t o r y  i s  new. I n  a d d i t i o n  t o  what  h a s  been  
f u r n i s h e d  by U.S . A . I  .D., t h e  f o l l o w i n g  m a t e r i a l  i s  n e c e s s a r y :  

5  c h a i r s  a n d  5  a r m  c h a i r s  
5  d e s k s  
2  s tools  
3 m e t a l  cupboa rds  
e l e c t r i c  t y p e w r i t e r  
c a l c u l a t o r  
pho tocopy  machine  
1 d u p l i c a t o r  (AB D i c k )  

Thus  t h e  r e q u e s t  f o r  2 ,253 ,500  DF t o  b e  c r e d i t e d  t o  t h e  
a c c o u n t  (see  a t t a c h e d  es t imate) .  

2 .1 .6  P a r a g r a p h  - 7: Chemica l s  -- t o  b e  p u r c h a s e d  

T h i s  p a r a g r a p h  a n d  t h o s e  f o l l o w i n g  it c o n c e r n  t h e  s p e c i f i c  
n e e d s  o f  t h e  l a b o r a t o r y .  Chemica l  r e a g e n t s  c o n s t i t u t e  t h e  
backbone  o f  t h e  l a b o r a t o r y .  T h i s  y e a r ,  USAID o r d e r e d  $25 ,550  US 
w o r t h  o f  c h e m i c a l s .  Due t o  g rowing  i n f l a t i o n ,  1 , 0 0 0 , 0 0 0  DF 
c r e d i t  are r e q u e s t e d  f o r  t h e  a c c o u n t .  

P a r a g r a p h  G l a s s w a r e  a n d  - equ ipmen t  

The  laboratory i s  e q u i p p e d  w i t h  e x p e n s i v e  modern s c i e n t i f i c  
a p p a r a t u s ,  a p o r t i o n  o f  which may be u n u s a b l e  or o u t d a t e d  a t  t h e  
e n d  o f  a y e a r ' s  work.  S o i l s  S c i e n c e  i s  a young s c i e n c e  which 
r e c e i v e s  mre and  more a t t e n t i o n  a n d  e f f o r t ,  so t h e r e  is  
c u r r e n t l y  a  boon o f  material: p i p e t t e s ,  g l a s s  b e a k e r s ,  p l a s t i c  
b e a k e r s ,  a s t i l l  f o r  k j i l d a h l  n i t r o g e n  test ,  g r a d u a t e d  c y l i n d e r s ,  
d e s s i c a t o r e s ,  e t c .  S o  t h a t  o u r  work c a n  p r o c e d d  on  a p a r  w i t h  
s c i e n t i f i c  deve lopmen t s  i n  t h e  f i e l d ,  a c r e d i t  o f  200 ,000  DF i s  
r e q u e s t e d  f o r  t h e  a c c o u n t .  



2.1.9 Fue l :  

Two a l l - t e r r a i n  v e h i c l e s  a r e  a v a i l a b l e  (Land- over s t a t i o n  
wagon and 6 -passenger  D a i h a t s u  j e e p ) ,  b o t h  of  which u s e  uas .  
Based on a  monthly consumption of  450 l i t e r s  p e r  v e h i c l e ,  w e  
r e q u e s t  900 l i t e r s / m o n t h  o r  1 0 , 8 0 0  l i t e r s  p e r  y e a r .  

2 .2  R e c a p i t u l a t i o n  - 
The Budget p r o p o s a l  f o r  t h e  S o i l  and Water  Ana lyses  

L a b o r a t o r y  t h e r e f o r e  t o t a l s  : 

P e r s o n n e l  8 ,576 ,628  D.F. 
O p e r a t i n g  Expenses:  6 ,023 ,500  D.F. 

T o t a l  14 ,600 ,128  D.F. 
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S u b j e c t :  USDA TDY S o i l  S c i e n t i s t  E v a l u a t i o n  o f  D j i b o u t i  
Water and S o i l  L a b o r a t o r y  P r o j e c t  

To : E l l s w o r t h  M. Amundson, 
A I D  A f f a i r s  O f f i c e r ,  
D j i b o u t i  

E n c l o s e d  i s  my e v a l u a t i o n  r e p o r t  o f  t h e  D j i b o u t i  Water and 
S o i l  L a b o r a t o r y  P r o j e c t .  I a p p r e c i a t e  t h e  h e l p  you h a v e  p r o v i d e d  
d u r i n g  t h e  e v a l u a t i o n  p e r i o d  and  your  v a l u a b l e  c r i t i q u e  o f  m y  d r a f t  
report. A s  I t o l d  you ,  t h i s  w a s  my f i r s t  t i m e  t o  c o n d u c t  s u c h  a n  
e v a l u a t i o n  and  your  a s s i s t a n c e  i s  g r e a t l y  a p p r e c i a t e d .  

S i n c e r e l y ,  

s / ~ l  H i d l e b a u g h  

A l l e n  H i d l e b a u g h  
S t a f f  L e a d e r ,  S o i l  R e s e a r c h  
C o o r d i n a t i o n ,  S o i l s ,  USDA-Soil 
C o n s e r v a t i o n  S e r v i c e ,  
Wash ign ton ,  D. C. 

E n c l o s u r e  



While many p a r t s  o f  t h e  o v e r a l l  g o a l  a re  b e i n g  m e t  a n d  s u r p a s s e d ,  
t h e  s t a r t - u p  of t h e  l a b o r a t o r y  i s  b e h i n d  s c h e d u l e .  T o  assure a f u l l y  
f u n c t i o n a l  l a b o r a t o r y  p r io r  t o  D r .  Goebel ' s  d e p a r t u r e  (Aug . ' 8 2 )  s o m e  
c h a n g e  i n  s c h e d u l i n g  a n d  e m p h a s i s  a r e  n e e d e d .  

D r .  Goebel a n d  R e s o u r c e s  D e v e l o p m e n t  Associates a re  t o  be 
commended f o r  t h e  e x c e l l e n t  t r a i n i n g  p r o v i d e d  t o  t h e  D j i b o u t i a n  s t a f f  
t o - d a t e  a n d  f o r  t h e  e x c e l l e n t  w o r k i n g  r e l a t i o n s  d e v e l o p e d  w i t h  v a r i o u s  
GROD M i n i s t e r  ies, d o n o r  a g e n c i e s  a n d  g r o u p s .  

P o r t i o n s  o f  t h e  o v e r a l l  p r o j e c t  o b j e c t i v e s  a c h i e v e d  t o  d a t e  
i n c l u d e  t h e  f o l l o w i n g :  

1. P r o j e c t  s t a r t - u p  c o m p l e t e d  c o m p r e h e n s i v e  i n v e n t o r y  o f  
mater ia l  r e c e i v e d ,  d e v e l o p m e n t  o f  p l a n s  f o r  l a b o r a t o r y  
o p e r a t i o n s ,  s u p e r v i s i o n  o f  c o n s t r u c t i o n / e q u i p ~ i n a  o f  
L a b o r a t o r y .  O r d e r i n g  a n y  n e e d e d  s u p p l  m e n t a l  l a b o r a t o r y  
ma te r ia l s ,  i n c l u d i n g  r e q u i r e d  s a t e l l i t e  i m a g e r y .  

2 .  E s t a b l i s h  a l i b r a r y  a s  e v i d e n c e d  b y  c o m p i l a t i o n  o f  b o o k  
l i s t s ,  a c q u i s i t i o n  of k e y  soi ls  t e x t s .  

3 .  S u b m i s s i o n  o f  a d e q u a t e  a n d  t i m e l y  a n n u a l  p l a n s ,  q u a r t e r  l y  
reports,  a n d  b u d g e t .  

4 .  C o n d u c t e d  p r e l i m i n a r y  s t u d y  o f  t h e  m o r p h o l o g y  a n d  
c l a s s i f i c a t i o n  o f  t h e  soi ls  o f  D j i b o u t i  a s  e v i d e n c e d  b y  
f i e l d  r e c o n n a i s s a n c e ,  t r a i n i n g  i n  w r i t i n g  s o i l  
d e s c r i p t i o n s  a n d  descr i b i n c j  a n d  s a m p l i n g  4 5  soi ls .  

5 .  U n d e r t a k e n  bas ic  c a r t o g r a p h y  a s  e v i d e n c e d  b y  d r a w i n g  t h e  
s lope,  w a t e r s h e d ,  a n d  s o i l  climate maps; d r a w i n ?  base map 
for  r a n d o m  sample s e l e c t i o n  o f  D j i b o u t i  ; d r a w i n a  
p r e l i m i n a r y  soi ls  map o f  D j i b o u t i ;  d r a w i n g  1: 2 5 0 , 0 0 0  
s ca l e  s o i l  map o f  D j i b o u t i ;  a n d  1 : 1 0 0 , 0 0 0  sca le  s o i l  map 
o f  s o u t h e r n  D j i b o u t i .  

6 .  C o n d u c t e d  r e m o t e  s e n s i n g  t r a i n i n g  -- a s  e v i d e n c e d  b y  
a e r i a l  p h o t o  a n d  s a t e l l i t e  i m a g e r y  i n t e r p r e t a t i o n ;  p l u s  
FA0 r e m o t e  s e n s i n g  two-week c o u r s e  i n  R o m e  c o m p l e t e d  b y  
A b o u b a k e r  D o u a l e  Waiss. 

7. L a b o r a t o r y  o p e r a t i o n s  a s  e v i d e n c e d  b y  pr e l i m i n a r y  
t r a i n i n g  i n  w a t e r  q u a l i t y  a n a l y s e s .  

8. Data a n a l y s i s  c o n d u c t e d  v i a  map m e a s u r e m e n t s .  



The t a s k s  r e m a i n i n g  and p l a n n e d  s c h e d u l e  t o  a c h i e v e  t h e  o v e r a l l  
g o a l s  by 3 1  J u l y  1982 ( i . e . ,  o n e  month p r i o r  t o  p r o j e c t  t e r m i n a t i o n )  
c o n s i s t  o f  t h e  f o l l o w i n g :  

D e c  . V e g e t a t i o n  i d e n t i f i c a t i o n  t r a i n i n g .  

Dec-Feb. O p t i m a l l y  d e s c r i b e  and  sample  50 s i t e s  ( n o r t h e r n  
D j i b o u t i ) .  Minimal r e q u i r e m e n t  25 s i t e s  t o  s e r v e  
a s  a d e q u a t e  b a s e  f o r  f i n a l  r e p o r t .  

Feb-Mar . S e m i - d e t a i l e d  s o i l  map t r a i n i n g .  

Mar. S o i l  u s e  i n t e r p r e t a t i o n  t r a i n i n g .  

Mar. Draw s e m i - d e t a i l e d  s o i l  maps (1 :25 ,000)  o f  p r i o r i t y  
a r e a s .  

Mar -Apr . T r a i n i n g  i n  s o i l  t e s t i n g .  

May Flap measurement .  

May E s t a b l i s h  and  t e s t  l a b o r a t o r y  r e p o r t i n g  m o d a l i t i e s .  

J u n e  Conduct t r a i n i n g  i n  p r o c e d u r e s  f o r  s o i l  and w a t e r  
s ample  c o l l e c t i o n  and  means o f  d i s t r i b u t i n g  
l a b o r a t o r y  t e s t  r e s u l t s .  

J u n  e - J u l y  S o i l  and w a t e r  s a m p l e  a n a l y s e s .  

J u l y  Summar'y, r e v i e w ,  p r e p a r e  f i n a l  r e p o r t .  

O t h e r  t a s k s  n o t  p r e s e n t l y  s ' chedu led  i n  the c o n t r a c t o r ' s  work p l a n  
b u t  which must  be i n c l u d e d  a r e :  

-- L a b o r a t o r y  equ ipmen t  s e t - u p  

( a )  v e r i f y i n g  equipment  f u n c t i o n a l :  
( b )  e f f e c t i n g  l a b o r t a t o r y  o p e r a t i o n s  n o t  l a t e r  t h a n  

F e b r u a r y  1982 .  

-- T r a i n i n g  i n  d e t a i l e d  so i l  mapping (1 :5 ,000  s c a l e )  i n  
p r i o r i t y  a r e a s  ( t w o  s i t e s  s h o u l d  s u f f i c e ) .  

- - D e l i v e r  two p r o f e s s i o n a l  p a p e r s  ( ~ a i r o  Symposium on  
R e m o t e  S e n s i n g ) .  

The l a s t  t a s k  was n o t  p l a n n e d  f o r  i n  the scope  o f  work h u t  was 
e n c o u r a g e d  by RDA a s  a  means f o r  p u b l i c i z i n g  GROD so i l s  a c t i v i t i e s  a t  
t h e  i n t e r  n a t i o n a l  l e v e l .  



The pr inc ipal  tasks  remaining can be achieved, but some change 
i n  d i rec t ion  and emphasis i s  requi red .  The evaluat ion recommends the  
following: 

1. Concentrate v i r t u a l l y  a l l  f i e l d  a c t i v i t i e s  i n t o  t h e  
December thru  mid-February time per iod t o  take advantage 
of t h e  cooler temperature. 

2. As soon as  t h e  generator a r r i ve s ,  i n s t a l l  a i r  
condit ioners  and check out  a l l  ana ly t i ca l  equipment i n  
t h e  laboratory t o  make sure  it i s  funct ional .  Target 
da t e  i s  January, with any defec t ive  pa r t s  t o  be requested 
thru  RDA represen ta t ive  t o  hand-carry t o  Djibouti  when he 
comes i n  February. 

3 .  I n i t i a t e  t e s t  operat ion of a l l  laboratory equipment the  
t h i r d  week of February with one or  both of t he  Djiboutian 
s t a f f  members t o  be i n  the  laboratory rece iv ins  t r a in ing  
and undertaking continuing s o i l  and water ana lys i s  for 
t h e  remainder of Dr. Goebel I s  s t ay .  This w i l l  assure  
e f f i c i e n t  operat ion of the  laboratory by t he  time of D r .  
Goebel's departure.  

4 .  Any f i e l d  s o i l  survey t asks  t h a t  a r e  not accomplished by 
mid-February a r e  t o  be delayed u n t i l  next w in t e r ' s  cool 
season. The TDY USDA Soi l  S c i e n t i s t  t e n t a t i v e l y  
scheduled t o  v i s i t  Djibouti  during January 1983 could 
provide any needed t echn ica l  support t o  t h e  s o i l  survey. 

5.  I t  i s  understood t h a t  t he r e  w i l l  be need for some f i e l d  
work a f t e r  February t o  respond t o  other donor needs and 
for  spec ia l  GROD reques t s ,  but  time devoted t o  these  
a c t i v i t i e s  m u s t  be minimized i n  order t o  assure  t he  
achievement of a f u l l y  functioning laboratory.  

Vi r tua l ly  a l l  components of t h e  PIO/T  scope of work for  t he  Water 
and So i l s  Laboratory p ro j ec t  w i l l  have been achieved by t he  time t he  
contrac tor  de l i ve r s  t h e  expanded version of t h e  f i n a l  r epor t  ( January 
1963). The few remaining s o i l  survey t asks  c a n  be a c c o m p l i s h e d  by t h e  
D j i b o u t i a n  s t a f f  with any needed t echn ica l  back-up t o  come from TDY 
USDA Soi l  Sc i en t i s t .  Back-up i s  envisioned for periods of two weeks 
every four months th ru  January 1985. 



EVALUATION METHODOLOGY 

USDA TDY S o i l  S c i e n t i s t  A l l e n  H i d e l b a u g h  c o n d u c t e d  t h e  m i d - t e r m  
e v a l u a t i o n  of t h e  W a t e r  a n d  S o i l s  L a b o r a t o r y  p r o j e c t .  The  e v a l u a t i o n  
a d d r e s s e s  the  p e r f o r m a n c e  of t h e  c o n t r a c t o r  ( R e s o u r c e s  D e v e l o p m e n t  
A s s o c i a t e s )  a g a i n s t  t h e  " S t a t e m e n t  o f  Work" p r o v i d e d  i n  t h e  PIO/T.  
T h e  PIO/T  i s  u s e d  r a ther  t h a n  the  p r o j e c t  p a p e r  b e c a u s e  o f  t h e  
i n t e r v e n t i o n  of t h e  W e s t  Germans  i n  the w a t e r  p a r t  o f  t h e  p r o j e c t .  
T h e  PIG/T  d e l i n e a t e s  the  u p - t o - d a t e  o b j e c t i v e s  a n d  c o n t r a c t o r ' s  t a s k s .  

T h e  scope o f  t he  e v a l u a t i o n  i n c l u d e d  r e v i e w  o f  a l l  r e q u i r e m e n t s  
s t a ted  i n  the PIO/T  a n d  c o m p a r i s o n  of t h e s e  w i t h  d o c u m e n t s  s u b m i t t e d  
b y  the  c o n t r a c t o r  ' s  r e p r e s e n t a t i v e ,  D r .  J o s e p h  G o e b e l ,  t o  d a t e .  
M a n u s c r i p t  ( u n p u b l i s h e d )  s o i l  maps ,  s l o p e  maps ,  w a t e r s h e d  maps ,  s o i l  
c l imate maps a n d  associated l e g e n d s  a n d  d e s c r i p t i o n s  w e r e  r e v i e w e d .  

T h r e e  d a y s  w e r e  s p e n t  i n  t he  c o u n t r y s i d e  l o o k i n g  a t  p r e s e n t  
g a r d e n  s i tes  a n d  areas  w i t h  p o t e n t i a l  f o r  a g r i c u l t u r a l  d e v e l o p m e n t  
t h a t  h a v e  b e e n  i d e n t i f i e d  t o  d a t e .  V a r i o u s  f a c e t s  o f  t h e  d i f f e r e n t  
t y p e s  of s o i l  s u r v e y s  b e i n g  u s e d  b y  D r .  Goebel a n d  t h e  D j i b o u t i a n  
s t a f f  w e r e  e x a m i n e d  d u r i n g  these f i e l d  t r i p s .  T h e s e  i n c l u d e d  
e x a m i n a t i o n  of maps ,  s o i l  d e s c r i p t i o n s ,  c l a s s i f i c a t i o n  o f  t a x o n o m i c  
u n i t s ,  d i s c u s s i o n s  o f  g e o l o g y ,  c o m p o s i t i o n  o f  mapp inq  u n i t s ,  e tc .  

A  l i m i t e d  t i m e  was s p e n t  i n  e x a m i n i n g  t he  e q u i p m e n t  a n d  s u p p l i e s  
i n  the  water a n d  so i l s  l ab .  T h e  pH a n d  c o n d u c t i v i t y  meters w e r e  t h e  
o n l y  i n s t r u m e n t s  o p e r a t i o n a l  t o  d a t e .  The r e m a i n i n g  e q u i p m e n t  w i l l  
become o p e r a t i o n a l  i n  t h e  n e a r  f u t u r e /  

Time w a s  s p e n t  i n  d i s c u s s i n g  a l l  a s p e c t s  o f  the  p r o j e c t  w i t h  D r .  
Goebel a n d  tlie D j i b o u t i a n  s t a f f  m e m b e r s .  A p o i n t  w a s  made o f  h a v i n s  
d i s c u s s i o n s  w i t h  Aboubaker  D o u a l e  Waiss a n d  F a r a h  O m a r  w i t h o u t  D r .  
Goebel t o  g i v e  them the  o p p o r t u n i t y  t o  f u l l y  e x p r e s s  the i r  p e r s o n a l  
v i e w s  . 

T h e  e v a l u a t o r  o b s e r v e d  Aboubaker  D o u a l e  Waiss a n d  F a r a h  O m a r  
d e s c r i b i n g ,  s a m p l i n g  a n d  c l a s s i f y i n g  s o i l  p r o f i l e  a n d  d e s c r i b i n g  s o i l  
mapp ing  u n i t s ,  w i t h  i n c l u s i o n s ,  i d e n t i f y i n g  v e g e t a t i o n  a n d  e s t i m a t i n g  
e x t e n t  o f  v e g e t a t i o n  a n d  s u r f a c e  c o v e r  of s t o n e s .  

T h e  e v a l u a t i o n  i s  b a s e d  o n  a l l  o f  the  o b s e r v a t i o n s  a n d  
d o c u m e n t a t i o n  a v a i l a b l e  d u r i n g  t h e  e v a l u a t i o n  p e r i o d  i n  D j i b o u t i .  
(See at tached e x h i b i t . )  



EXTERNAL FACTORS 

The PIO/T for  t h e  Water and S o i l s  projec t  projected the  equipping 
t he  laboratory and t he  on-the-job t ra in ing  t o  laboratory a s s i s t a n t s  
be i n i t i a t e d  dur ing the  f i r s t  s i x  months of con t r ac to r ' s  desisnated 

s o i l  s c i e n t i s t ' s  time i n  Djibouti .  The laboratory i s  not  opera t iona l  
a f t e r  an elapsed time of s ix teen  months. External f a c t o r s  
cont r ibut ing  t o  t h i s  delay follcw: 

Major cons t ruct ion  i s  canplete .  A i r  condi t ioners  i n s t a l l e d  
e a r l i e r  would not operate  co r r ec t l y  because of e l e c t r i c  cyc le  
problems. One machine burned out .  New a i r  condit ioners  have been 
purchased and w i l l  be i n s t a l l e d  a s  soon as  t he  generator now on order 
a r r i ve s .  This generator w i l l  solve many problems re la ted  t o  e l e c t r i c  
cycles  and conversion of 230V t o  l l O V .  Other laboratory equipment 
w i l l  be dependent on t h e  functioning of t h i s  generator .  The o r i s i n a l  
commodity order requested 220/50 o r  110 with transformer.  The l a t t e r  
of course does not a f f e c t  cycle  changes - hence t he  problem and delays 
i n  ge t t i ng  equipment opera t ional .  

There have been some rou t i ne  adminis t ra t ive  problems within 
Genie Rural. These problems have proved i r r i t a t i n g  but have not  
jeopardized achievement of t he  p r o j e c t ' s  ob jec t ives .  

Delays i n  shipment of U.  S. manufactured laboratory suppl ies ,  
p a r t i c u l a r l y  chemicals, i s  a  ser ious  problem. Shipments of f i e l d  s o i l  
survey equipment have a l so  been subjec t  t o  s imilar  delays.  

Although t h e  GROD ha s  f i e lded  qua l i f i ed  s t a f f  c r i t i c a l  t o  t h i s  
p ro j ec t  per s e  i n  an extremely timely and adequate manner, delay i n  
ge t t i ng  the  Djiboutian s t a f f  ca l l ed  for in  t he  PIO/T have a l s o  
contr ibuted t o  some delay i n  t h e  p ro jec t .  Idea l ly  t h e  followinhg 
addi t ional  s t a f f  should have beet? azquired i n  t h e  f i r s t  year of t h e  
p ro jec t  and t o  da te  a r e  not ye t  present:  hydrogeologist ,  water 
chemist, hydrologis t  and a  c le rk  for  t he  l i b r a r y .  Admittedly, s i nce  
t h e  o r ig ina l  p ro j ec t  scope (P ro j ec t  Paper) was reduced t o  allaw for  
in tervent ion  of West German technica l  a ss i s t ance  i n  water resource 
inventory, these  personnel a r e  not  d i r e c t l y  c r i t i c a l  t o  meeting the  
immediate ob jec t ives  of t h i s  p ro jec t ,  but ,  i f  not obtained could 
adversely a f f e c t  t he  ove ra l l  i n s t i t u t i o n  bui lding goals  of t h e  U. S.  
Government S o i l s  and West German hydrological e f f o r t s .  

The PIO/T requ i r e s  t h a t  s o i l s  inves t iga t ion  and mapping be 
accomplished on severa l  sca les .  Some subs t i t u t i on  of s ca l e s  was 
required t o  match ex i s t i ng  base maps. There had been delays i n  
obtraining copies o f  ex i s t i ng  base maps. 

The p a r t i c i p a n t s  during the  evaluation besides Mr. Hidlebaugh 
were D r .  Goebel, Resources Development Associates,  and Mr. Arnundson, 
A I D  Af fa i r s  Off icer .  



PROJECT INPUTS 

USAID h a s  p r o v i d e d  f u n d s  t o  t he  Water and S o i l s  L a b o r a t o r y  
p r o j e c t  t o t a l i n g  $542,000.  These  funds  h a v e  been  s u f f i c i e n t  t o  
p r o v i d e  f o r  o n e  r e s i d e n t  U .  S. p e r s o n n e l  f o r  2 4  p e r s o n  months and t o  
p r o v i d e  f o r  commodi t i e s  and  o t h e r  c o s t s  i n c i d e n t a l  t o  t h e  p r o j e c t .  

The Government o f  t h e  R e p u b l i c  o f  D j i b o u t i  ' s  c o n t r i b u t i o n  t o  the  
p r o j e c t  h a s  b e e n  s u b s t a n t i a l .  GROD h a s  p r o v i d e d  f a c i l i t i e s  f o r  t h e  
l a b o r a t o r y  c o n s i s t i n g  of 4  rooms t o t a l i n g  150 s q u a r e  meters. T h i s  
p r o v i d e s  a n  o f f i c e ,  a  c h e m i c a l  l a b o r a t o r y ,  a n  a n a l y t i c a l  equipment  
room and a  c a r t o g r a p h i c  room f o r  t h e  s o i l  s u r v e y .  I n  a d d i t i o n ,  s p a c e  
h a s  been  p r o v i d e d  f o r  s o i l  sample  p r e p a r a t i o n ,  s t o r a g e  and d i s p o s a l .  
GROD i s  a l s o  p r o v i d i n g  w a t e r ,  e l e c t r i c i t y ,  t e l e p h o n e s ,  m a i n t e n a n c e  f o r  
t h e  b u i l d i n g  and  f a c i l i t i e s ,  and s i x  p a r k i n g  s p a c e s  for l a b o r a t o r y  
u s e .  GROD h a s  p r o v i d e d  t h e  f o l l o w i n g  p e r s o n n e l  t o  d a t e :  

A q u a l i f i e d  d e g r e e - t r a i n e d  p e d o l o q i s t  f o r  so i l s  
i n v e n t o r y  and  s u r v e y .  He i s  a l s o  c h a r g e d  w i t h  
g e n e r a l  s u p e r v i s i o n  o f  t h e  l a b o r a t o r y  t o  
i n c l u d e  a n a l y s e s  and  p l a n n i n g .  

A l a b o r a t o r y  t e c h n i c i a n  t o  conduc t  t h e  s o i l  and 
w a t e r  a n a l y s e s  and m a i n t a i n  l a b o r a t o r y  
f a c i l i t i e s .  

USAID i n p u t s  h a v e  c o n s i s t e d  p r i m a r i l y  o f  p r o v i s i o n  o f  e s s e n t i a l  
commodi t ies ,  ( e , l a b o r a t o r y  equipment  and s u p p l i e s ,  c h e m i c a l s ,  
v e h i c l e s  and s u p p o r t  t o  t h e  c o n t r a c t o r  i n  form o f  h o u s i n g  and g e n e r a l  
s u p p o r t ) .  T e c h n i c a l  s u p p o r t  i n  t h e  form o f  o n e  f u l l - t i m e  r e s i d e n t  
s o i l  s c i e n t i s t  was f u r n i s h e d  v i a  a  d i r e c t  cost r e imbursemen t  c o n t r a c t  
t o  Resources  Development A s s o c i a t e s .  One f u l l - t i m e  r e s i d e n t  so i l  
s c i e n t i s t  was p r o v i d e d  w i t h o u t  TDY back-up from a  r e m o t e  s e n s i n g  
e x p e r t  and o t h e r  t o  be i d e n t i f i e d  e x p e r t s ,  b e c a u s e  A I D  c o n t r a c t i n g  
o f f i c e r  c o n c u r r e d  i n  Resources  Development A s s o c i a t e s  ( c o n t r a c t o r )  
c o n t e n t i o n  t h a t  D r .  Goebel  had  t h e  n e c e s s a r y  background t o  c o v e r  t b e s e  
needs  a s  w e l l  a s  h i s  p r i n c i p a l  r o l e  a s  s o i l  s c i e n t i s t .  The e v a l u a t o r  
c o n c u r s  i n  t h i s  d e c i s i o n  p r o v i d e d  D r .  G o e b e l ' s  e x p e r t i s e  c o n t i n u e s  t o  
be c o n f i n e d  s o l e l y  t o  so i l s ,  r emote  s e n s i n g  and g e n e r a l  l a b o r a t o r y  
o p e r a t i o n s  a s  p r e s e n t l y  c o n c e i v e d .  

I n  r e g a r d  t o  i n p u t s ,  i n  summary A I D  f u n d i n g  h a s  been  a d e q u a t e  and 
t i m e l y .  Regard ing  d e l a y s  e n c o u n t e r e d  t h e s e  a r e  a t t r i b u t a b l e  t o  t h e  
n a t u r e  o f  t h e  U.  S. s o u r c e  commodity procurement .  S i m i l a r l y  t h e  Water 
a n d  S o i u l s  L a b o r a t o r u y  u s e  o f  f u n d s  b a s e d  o n  a r e v i e w  o f  t h e i r  r e c o r d s  
shows prompt and  p r o p e r  u s e  o f  funds  p r o v i d e d .  A b u d g e t  summary 
f o l l o w s  : 



BUDGET SUMMARY 

WATER RESOURCES & SOILS ANALYSIS PROJECT 603-0001 - 

O b l i g a t e d  Disbursed  P i p e l i n e  TOTAL 

Tech S e r v i c e s  

P.O. ( I s s e n )  1 ,603  1 ,603  -0 - 1 , 6 0 3  
PIO/T 90002 ( R D A )  334,000 174,000 160,000 334,000 

(335,603)  (175,603) (160,000) r m x x 3 )  

Commodities 

PIO/C 900013 16,000 16,000 -0 - 16 ,000  
( Land-Rover ) 
PIO/C 90005 72.000 62,000 -0 - 62,000 
(Lab.  Equipment) 
PIO/C 9006 8 ,000 8 ,000 -0 - 8 ,000  
( D a i h a t s u )  
PIO/C 90007 3,000 3 ,000 -0- 3 ,000 
( A / C 1 s )  
P IO/C  90013 25,000 14,000 11,000* 25,000 
(Chemicals  
F r a n k l i n )  

( 1 1 4 , 0 0 0 )  (103 ,000)  ( 11,000)  ( 1 1 4 , 0 0 0 )  

Other  C o s t s  

PIL-0005 2,132 2 ,835 - 702 702 
( t iouse 
Renovat i o n s )  
PIL-0014 35,000 33,000 2,000 35,000 
(Housing R e n t a l )  
PIL-0006 18,219 18,219 - 6 0 0  18,219 
( Housing 
Maintenance)  
PIL-0020 527 527 -0 - 527 
( R e c o n .  F l i g h t )  
PIL-0022 3,600 2 ,881  719 719 
(Maps 1 :100,000)  
PIL-0024 17,000 -0 - 17,000 17 ,000  
(Housing,  R e n t a l  
Maintenance)  

( 76,478)  ( 58,062)  ( 18 ,417)  ( 76,478)  

TOTAL 526,081 336,665 189,416 526,081 

Contingency 

* Approximately 7 ,000  w i l l  b e  expended; 
Ba lance  4 ,000  r e t u r n e d  t o  con t ingency .  



PROJECT OUTPUTS 

The p r o j e c t  c o n t r a c t o r  was e x p e c t e d  t o  p r o v i d e  a n  a n n u a l  p l a n  o f  
o p e r a t i o n  and q u a r t e r l y  p r o g r e s s  r e p o r t s .  Two a n n u a l  p l a n s  o f  
o p e r a t i o n  and q u a r t e r l y  p r o g r e s s  r e p o r t s  w e r e  a v a i l a b l e  f o r  r e v i e w .  A 
s t a t u s  r e p o r t  p r e p a r e d  a s  o f  J a n u a r y  1 9 8 1  f o r  t h e  M i n i s t e r  o f  
A g r i c u l t u r e  w a s  a l so  a v a i l a b l e .  M a n u s c r i p t  ( u n p u b l i s h e d )  maps, 
l e g e n d s  and  d e s c r i p t i o n s  w e r e  a v a i l a b l e  f o r  e x a m i n a t i o n .  

Based o n  t h e  above ,  t h e  USDA TDY S o i l  S c i e n t i s t  ( e v a l u a t o r )  
measured  p r o g r e s s  a s  t h e  t e n d e n c y  towArds a c h i e v i n g  t h e  e n d - o f - p r o j e c t  
t a r g e t s  a s  s t a t e d  i n  t h e  PIO/T. The f i n d i n g s  w e r e  a s  f o l l o w s :  

1. E s t a b l i s h i n g  and o p e r a t i n g  a water and so i l s  l a b o r a t o r y .  

( a )  F a c i l i t i e s  

The f a c i l i t i e s  are  a d e q u a t e .  C o n s t r u c t i o n  d e l a y s  and 
l a c k  o f  d e p e n d a b l e  e l ec t r i c  p o w e r  a t  230 and 110  v o l t s  
h a v e  d e l a y e d  p r o j e c t ,  b u t  p r e s e n t l y  d o  n o t  p o s e  any 
s e v e r e  l i m i t a t i o n  i n  v i ew  o f  RDA p r o c u r e d  and  s o o n  t o  
be d e l i v e r e d  g e n e r a t o r .  The main prob lem h a s  b e e n  o n e  
o f  c y c l e s .  Much o f  t h e  equ ipmen t  i s  f u n c t i o n a l  a t  6 0  
Hz o n l y .  T r a n s f o r m e r s  p r o v i d e d  a re  n o t  u s e a b l e .  
Hence t h e  need  f o r  a g e n e r a t o r  t o  s u p p l y  c o r r e c t ,  
u n i f o r m  v o l t a g e ,  c y c l a g e .  

The l a b o r a t o r y  l a y o u t  h a s  p r o c e e d e d  smoo th ly  f o r  the  
m o s t  p a r t  e x c e p t  f o r  a m i s u n d e r s t a n d i n g  a b o u t  the 
e l e c t r i c a l  o u t l e t s  i n  the c e n t e r  o f  t h e  main 
l a b o r a t o r y  t a b l e .  A l though  t h e  work s t a n d  i s  n o t  
a e s t h e t i c  it i s  f u n c t i o n a l .  

N e a r l y  a l l  o f  t h e  l a b o r a t o r y  equ ipmen t  o r d e r e d  i s  i n  
p l a c e .  Most o f  it h a s  n o t  b e e n  s e t  up o r  p r o p e r l y  
t e s t e d .  A mini-computer  i s  s c h e d u l e d  t o  a r r i v e  i n  
J a n u a r y .  T h i s  i n s t r u m e n t  shou ld  c e r t a i n l y  a ss i s t  an  
u n d e r s t a f f e d  l a b . ,  a d m i t t e d l y  now q u i t e  s o p h i s t i c a t e d ,  
t o  p r o p e r l y  manage i t s  d a t a  i n p u t / o u t p u t .  

( b )  S u p p l i e s  

O r d e r i n g  o f  c h e m i c a l s  and o t h e r  s u p p l i e s ,  a f t e r  
c o n t r a c t o r ' s  a r r i v a l ,  f rom U.  S. s o u r c e s ,  rather t h a n  
f rom F r a n c e ,  h a s  p r o b a b l y  d e l a y e d  s t a r t - u p  o p e r a t i o n s  
o f  p a r t i c u l a r l y  c r i t i c a l  t e s t i n g  i n  t he  lab .  U. S. 
s o u r c e s  w e r e  o p t e d  f o r  a t  c o n t r a c t o r ' s  r e q u e s t  t o  
i n s u r e  u n i f o r m i t y ,  q u a l i t y  o f  c h e m i c a l s  and h e n c e  t h a t  
o f  e v e n t u a l  a n a l y s i s .  Only t i m e  w i l l  t e l l  i f  t h i s  was 
a sound  d e c i s i o n .  



( c )  Opera t ion  o f  Laboratory  

The P I O / T  c a l l e d  f o r  having t h e  l a b o r a t o r y  o p e r a t i o n a l  
w i t h i n  s i x  months o f  c o n t r a c t o r ' s  a r r i v a l .  S i x t e e n  
months a f t e r  t h e  c o n t r a c t o r ' s  a r r i v a l  t h e  l a b  i s  n o t  
o p e r a t i o n a l .  Most e v e r y t h i n g  i s  i n  p l a c e  b u t  
a d d i t i o n a l  t ime w i l l  b e  r e q u i r e d  t o  have e3ve ry th in s  
p r o p e r l y  f u n c t i o n i n g  . 
Thi s  i s  one a r e a  where t h e  c o n t r a c t o r  must c o n c e n t r a t e  
h i s  immediate e f f o r t s  i n  t h e  t ime remaining even i f  it 
means d e l a y s  and r e d u c t i o n  i n  c e r t a i n  a s p e c t s  o f  
o v e r a l l  s o i l  survey o f  D j i b o u t i .  

2 .  S o i l  Survey o f  D j ibou t i .  

( a )  D e t a i l e d  Mapping (1:10,000)  

Very l i m i t e d  p r o g r e s s  i n  mapping p r e s e n t  and 
p r o s p e c t i v e  garden s i t e s  t o  d a t e .  A l b e i t  number o f  
s i t e s  per  PIO/T should  be reduced by h a l f  wh i l e  
s imu l t aneous ly  t a s k i n g  c o n t r a c t o r  t o  e n l a r g e  sca1.e t o  
1:5,000 t o  p rov ide  needed d e t a i l .  

( b )  Medium S c a l e  (1 :50,000)  

Very l i m i t e d  work h a s  been accomplished i n  t h i s  
segment o f  t h e  work p l an .  Some t r a i n i n s  h a s  been 
provided t o  D j ibou t i an  s t a f f ,  and two a r e a s  w i th  
p o s s i b l e  p r o s p e c t s  f o r  ga rdens  were mapped a t  a  s c a l e  
o f  1: 25,000 f o r  t h e  Uni ted  Nat ions  High Commission. 
These a r e a s  a r e  Chekkeyti  and Sahbalou.  With 
remaining t i m e  emphasis should  be devoted t o  f i e l d  
s o i l  survey a t  t h i s  s c a l e ,  1:25,000 o n l y .  

A v a i l a b i l i t y  o f  b a s e  maps a t  1:200,000 was a  problem. 
Con t r ac to r  chose  i n  p l a c e  o f  t h e  1:200,G00 t o  u t i l i z e  
a v a i l a b l e  b a s e  o f  1: 250,000 and p rocu re  1: 100,000 
s c a l e  maps. (The l a t t e r  having been acqu i red  wi th  
p r o j e c t  funds,  t h e  former donated by GROD. ) With 
t h e s e  b a s e s  an  e x p l o r a t o r y  s o i l  survey of  t h e  n a t i o n  
h a s  been developed a t  a  s c a l e  o f  1: 250,000. The b a s e  
i s  from Landsat  imagery. The c o n t r a c t o r  h a s  completed 
1 : 100,000 s c a l e  s o i l  maps ( r e c o n n a i s s a n c e )  f o r  
sou the rn  D j ibou t i  and h a s  a l s o  p repared  supplementa l  
maps .. s lope ,  watershed,  s o i l  c l i m a t e .  

The above mapping a c t i v i t y  ( s c a l e  1:200,000) was 
l i s t e d  a s  t h i r d  i n  p r i o r i t y  o f  t h e  s o i l  su rveys  i n  t h e  
P I O / T .  However, t h e  g r e a t e s t  p r o g r e s s  h a s  been made 



i n  t h i s  a c t i v i t y .  There i s  some j u s t i f i c a t i o n  for 
t h i s  i n  t h a t  exploratory and reconnaissance s o i l  
surveys a r e  very valuable i n  determining where areas  
with ag r i cu l t u r a l  po t en t i a l  e x i s t  and thus where the  
medium sca l e  and de ta i l ed  mapping should be 
concentrated. 

The random sample approach used for cons t ruct ing  both 
of these  maps i s  a sound one and i s  providing a  g r ea t  
deal  of information on the  s o i l s  of Djibouti .  The 
s o i l s  being described from the  100 random s i t e s  w i l l  
r epresent  the  majority of the  s o i l s  i n  Djibouti  and 
t h e  desc r ip t ions  and s o i l  samples w i l l  provide t he  
b a s i s  for  e s tab l i sh ing  s o i l  s e r i e s  for  use i n  t he  s o i l  
survey of Djibouti .  

Soi l  descr ip t ions  and other  da ta  being col lec ted  i s  of 
s u f f i c i e n t  d e t a i l  t o  permit c l a s s i f i c a t i o n  of  
taxonomic u n i t s  i n t o  t he  USDA So i l  Taxonomy. 
Djiboutian s t a f f  have already evidence of s u f f i c i e n t  
t r a in ing  t o  properly c l a s s i f y  t he  s o i l s  of Djibouti .  

( d )  S o i l  Survey Reports 

Training i n  s o i l  survey repor t  wr i t ing  and i n  making 
i n t e rp re t a t i ons  of s o i l s  for  various uses i s  scheduled 
for  next spr ing . 
Soi l  maps w i l l  be pr in ted  or otherwise reproduced i n  
black and white. However, i t  i s  recommended t h a t  2 or 
3 copies be hand-colored (preferably  by an a r t i s t )  for 
use by t he  Minister of Agriculture.  Given observed 
s k i l l s  of Lab Technician Farah, i t  i s  suggested t h a t  
he  personally t r ans f e r  t he  f i n a l  map t o  severa l  color 
enhancements a t  a  l a t e r  da te  -- time permit t ing.  

3 .  Library 

Progress i n  e s tab l i sh ing  l i b r a ry  containing per t inen t  
r e fe rence  books and documents has been made. Reference 
books a r e  i n  process of beins ordered. The projected clerk 
w i l l  be responsible  for t he  l i b r a ry .  

Most of t h e  materials  i n  t h e  l i b r a r y  w i l l  be i n  French, but 
some books and papers i n  English w i l l  a l so  be avai lable .  

4 .  System for  water and s o i l s  da ta  co l l ec t ion .  

A system has been es tabl ished for  i d e n t i f i c a t i o n  of samples 
and for  the  orderly progression ( i . e . ,  rout ing samples) t h r u  
t h e  laboratory.  The system has a s  one of i t s  key components 
i d e n t i f i c a t i o n  of t he  loca t ion  from which t he  sample was 
taken. 



T r a i n i n g  i s  b e i n g  p r o v i d e d  i n  d e v e l o p i n g  s t a n d a r d  forms  f o r  
r e p o r t i n g  l a b o r a t o r y  d a t a  and f o r  s t a n d a r d  l a b o r a t o r y  
reports.  

5. System f o r  d a t a  d i s s e m i n a t i o n  t o  f a r m e r s  and  o t h e r  u s e r s .  

A l though  a  g e n e r a l  p r e s e n t a t i o n  r e  p o s s i b l e  m o d a l i t i e s  f o r  
u s e r  s e r v i c e  h a s  b e e n  made t o  t h e  M i n i s t e r  o f  A g r i c u l t u r e  a s  
o f  t h i s  d a t a  no  d e f i n i t i v e  p l a n  h a s  b e e n  e s t a b l i s h e d .  
T r a i n i n g  w i l l  n eed  t o  be p r o v i d e d  t o  t h e  E x t e n s i o n  S e r v i c e  
i f  t h e y  a r e  g o i n g  t o  be r e s p o n s i b l e  f o r  t h i s  t a s k .  

A p a r t  o f  t h i s  segment  i s  o f  c o u r s e  t h e  series o f  s o i l  
, s u r v e y  r e p o r t s  a n d  l a b o r a t o r y  r e p o r t s  t o  be p r e p a r e d  i n  t h e  

n e x t  few y e a r s .  



PROJECT PURPOSE 

The o v e r a l l  p u r p o s e  o f  t h e  Water and S o i l s  L a b o r a t o r y  p r o j e c t  i s  
t o  i n s t i t u t i o n a l i z e  w i t h i n  t h e  MOA R u r a l  E n g i n e e r i n q  S e r v i c e  t h e  
c a p a c i t y  t o  (1) a n a l y z e  g round  and s u r f a c e  w a t e r  q u a l i t y  a s  w e l l  a s  t o  
c o m p i l e ,  c a t a l o g u e  and d i s s e m i n a t e  h y d r o l o g i c a l  i n f o r m a t i o n ,  and  ( 2 ) 
c l a s s i f y  so i l s ,  p r e p a r e  so i l s  maps and p r o v i d e  e v a l u a t i o n  c o n c e r n i n g  
t h e  p r o p e r  u t i l i z a t i o n  o f  so i l s .  

I n  p r a c t i c a l  t e r m s ,  f a r m e r s  c a n  be a d v i s e d  on  s o i l  t r e a t m e n t s  t o  
o b t a i n  s u s t a i n a b l e  y i e l d s .  Achievement  o f  t h i s  p r o j e c t  p u r p o s e  s h o u l d  
i m p a c t  o n  t h e  sector g o a l  o f  d e v e l o p i n g  a n  i n f o r m a t i o n  base f o r  u s e  by 
t h e  GROD i n  n a t i o n a l  a g r i c u l t u r a l  p l a n n i n g ,  and  i t s  d i s s e m i n a t i o n  t o  
f a r m e r s  t h r o u g h  t h e  a g r i c u l t u r a l  e x t e n s i o n  s e r v i c e .  

By t h e  end  o f  t h e  p r o j e c t ,  t h e  l a b o r a t o r y  s t a f f  o f  t h e  R u r a l  
E n g i n e e r i n g  S e r v i c e :  

p o s s e s s  equ ipmen t  and  t e c h n i c a l  e x p e r t i s e  t o  i n d e p e n d e n t l y  
a n a l y z e  a l l  w a t e r  and  so i l s  t y p e s  i n  D j i b o u t i ;  

h a v e  n e c e s s a r y  d a t a  upon which t o  base r ecommenda t ions  f o r  
water /soi l  u s e  f o r  c r o p  p r o d u c t i o n  and p r o v i d e  q u i d a n c e  f o r  
s u b s e q u e n t  s o i l s / w a t e r  r e s o u r c e  a n a l y s e s  i n  t h e  f i e l d ;  

h a v e  u n d e r t a k e n  a s o i l  i n v e n t o r y  and  d e v e l o p e d  a l a n d  
c l a s s i f i c a t i o n s  s y s t e m  i n  s e l e c t e d  p r i o r i t y  areas.  

I n  t h e  e v a l u a t o r ' s  e s t i m a t i o n ,  g i v e n  o b s e r v e d  p r o g r e s s  t h e  
p u r p o s e  w i l l  be a c h i e v e d  p r o v i d e d  c e r t a i n  a d j u s t m e n t s ,  change  o f  
emphases ,  are made i n  t h e  immedia te  f u t u r e .  

I t  i s  t h e  r e v i e w e r ' s  o p i n i o n  t h a t  a more v i a b l e  p r o g r e s s  t oward  
i n s t i t u t i o n a l i z a t i o n  c a n  be a c h i e v e d  i f  t h e  l a b o r a t o r y  i s  e s t a b l i s h e d  
a s  a n  i n d e p e n d e n t  e n t i t y  p o s s e s s i n g  i t s  own b u d g e t  w i t h i n  t h e  M i n i s t r y  
o f  A g r i c u l t u r e .  I t s  c o n t i n u e d  f u n c t i o n i n g  a s  a b r a n c h  o f  a d e  f a c t o  
imp lemen t ing  s e r v i c e  ( G e n i e  R u r a l )  would i n  t h e  long - run  j e o p a r d i z e  
i t s  a b i l i t y  t o  p r o v i d e  o b j e c t i v e  a n a l y s e s .  

The  c o n t r c t o r  and  USAID, h a v e  b r o u g h t  t h i s  t o  t h e  g o v e r n m e n t ' s  
a t t e n t i o n ,  and  as o f  t h i s  s u b m i s s i o n ,  t h e  gove rnmen t  i s  f o r m a l l y  
e n t e r t a i n i n g  t h e  p r o p o s a l  t o  e s t a b l i s h  by d e c r e e  t h e  Water and S o i l s  
L a b o r a t o r y  unde r  t h e  MOA e f f e c t i v e  1 J a n u a r y  1982.  

T h i s  a d m i n i s t r a t i v e  a c t i o n ,  i f  f o r t h c o m i n g ,  w i l l  p r o b a b l y  h a v e  as  
much or more b e a r i n g  on  t h e  ach i evemen t  o f  t h e  p r o j e c t  p u r p o s e  and 
g o a l  t h a n  any  other s i n g l e  f a c t o r .  



PROJECT GOALS 

Al though  n o t  s p e c i f i c a l l y  a d d r e s s e d  i n  any d o c u m e n t a t i o n ,  t h e  
p r o j e c t  g o a l  ( a s  f a r  a s  D j i b o u t i  i s  c o n c e r n e d )  i s  t o  expand 
a g r i c u l t u r a l  p r o d u c t i o n  ( i r r i g a t e d  g a r d e n s )  t o  t h e  l e v e l  t h a t  t h e  
c o u n t r y  . c a n  make s i g n i f i c a n t  p r o g r e s s  i n  r e a l i z i n g  impor t  
s u b s t i t u t i o n ,  p r  i m a r i l y  i n  v e g e t a b l e s  and f r u i t s .  

T h i s  g o a l  p r o b a b l y  c a n n o t  be a c h i e v e d  i n  i t s  e n t i r e t y  i n  t h e  n e a r  
f u t u r e .  

A t  i s s u e  h e r e  i s  t h e  economics  o f  d e v e l o p i n g  a n  a g r i c u l t u r a l  b a s e  
i n  D j i b o u t i .  T h i s  p r o j e c t  w i l l  s e r v e  t o  p r o v i d e  a  d a t a  b a s e  f o r  
d e c i s i o n - m a k e r s .  However, i n  t h e  u l t i m a t e  a n a l y s i s  i t  i s  n o t  s o i l s ,  
n o r  n e c e s s a r i l y  even  w a t e r  t h a t  w i l l  p r o v e  t h e  l i m i t i n g  f a c t o r  b u t  
r a t h e r  t h e  i n v e s t m e n t  c o s t s  v e r s u s  t h e  r e t u r n s .  



BENEFICIARIES 

The  immed ia t e  t a r g e t  g r o u p  i s  a D j i b o u t i a n  i n f r a s t r u c t u r e  c a p a b l e  
o f  a d d r e s s i n g  t h e  n e e d s  o f  p r e s e n t  a n d  f u t u r e  D j i b o u t i a n  f a r m e r s .  
W h i l e  t h i s  p r o j e c t  w i l l  n o t  h a v e  a d i r e c t  i m p a c t  i n  and o f  i t s e l f ,  i t  
w i l l ,  c o u p l e d  w i t h  other d o n o r - f u r n i s h e d  d a t a  g a t h e r i n g  ( w a t e r  ) , 
h o p e f u l l y  p r o v i d e  a s o l i d  b a s e  upon wh ich  t h e  Government of  t h e  
R e p u b l i c  of D j i b o u t i  c a n  make r a t i o n a l  and p o s i t i v e  d e c i s i o n s  
r e g a r d i n g  d i v e r s i f i c a t i o n  i n t o  t h e  a g r i c u l t u r a l  sector  and  more 
i m p o r t a n t l y  h a v e  maximum i m p a c t  p e r  d o l l a r  i n v e s t e d .  
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VOLUME 111: NATIONAL SOILS AND WATER LABORATORY - 

C o n s t r u c t i o n  of t h e  l a b o r a t o r y  i n i t i a t e d  t h e  a c t i v e  p h a s e  of 
t h e  S o i l s  a n d  N a t e r  A n a l y s i s  L a b o r a t o r y  p r o j e c t .  I n  A u g u s t  1 9 8 1 ,  
t h e  b u i l d i n g  w a s  c o n s t r u c t e d  a n d  f o u r  rooms a s s i g n e d  t o  t h e  S o i l s  
a n d  Water A n a l y s i s  L a b o r a t o r y .  T h e  workmen were a s s i g n e d  t o  
c o n s t r u c t  t h e  b e n c h e s  a n d  i n s t a l l  e l e c t r i c i t y ,  e tc .  a c c o r d i n a  t o  
a p l a n  d e v e l o p e d  b y  the  T e c h n i c a l  A d v i s o r .  L a t e r ,  a l l  of t h e  
e q u i p m e n t  was  i n s t a l l e d  a n d  c h e c k e d  o u t .  T r a i n i n u  was  g i v e n  i n  
p a n t i d e - s i z e  a n a l y s i s ,  p H ,  s a l i n i t y ,  c h l o r i d e ,  c o n z u c t i v i t y  an?  
moisture c o n t e n t  e v a l u a t i o n s .  T h e  e l e c t r o d e  meter m a l f u n c t i o n e d  
c a u s i n g  a d e l a y  i n  f u r t h e r  t r a i n i n g .  A loca l  t e c h n i c i a n  was 
c o n t a c t e d  who a g r e e d  t o  f i x  t h e  e q u i p m e n t .  I n  a d d i t i o n ,  t h e  SCS 
- USDA a g r e e d  t o  c o n t i n u e  e x p a n d i n g  t h e  so i l  and water a n a l y s i s  
c a p a b i l i t y  of t h e  l a b o r a t o r y .  

A s  p a r t  o f  t h i s  p r o j e c t ,  a s p e c i a l  water s t u d y  was  s t a r t e d  
i n  Houmboul i  a n d  G r a n d e  Douda t o  a s c e r t a i n  t h e  w i t h d r a w  a n d  
r e c h a r g e  o f  t h e  s u r f i c i a l  a q u i f e r .  S e v e r a l  s p e c i f i c  f a r m  v i s i t s  
were a l so  made t o  p r o v i d e  e v a l u a t i o n s  a n d  a d v i c e .  P r e s e n t - l y  t he  
l a b o r a t o r y  i s  w e l l  e q u i p p e d .  I t  s h o u l d  be c a p a b l e  o f  s a t i s f y i n g  
t h e  n e e d s  o f  t h e  c o u n t r y  when i t s  t e c h n i c i a n s  a re  more p r a c t i c e d  
a n d  e x p e r  i e n c e a .  

T h i s  vo lume  o f  t h e  r e p o r t  c o n t a i n s  f o u r  a p p e n d i c e s  r e l a t i n g  
t o  t h e  S o i l s  a n d  Water L a b o r a t o r y .  A p p e n d i x  D i s  a n  i n v e n t o r y  o f  
t h e  p r o p e r t y  i n  t h e  l a b o r a t o r y .  A p p e n d i x  E c o n t a i n s  c o p i e s  o f  
l a b o r a t o r y  f o r m s .  A p p e n d i x  F c o n t a i n s  the  r e p o r t s  f r o m  the  
i n d i v i d u a l  f a r m  v i s i t s  a n d  A p p e n d i x  G i s  a c o p y  o f  t h e  s p e c i a l  
r e p o r t  o n  t h e  Water S a l i n i t y  o f  t he  Houmbou l i  a n d  G r a n d e  Douda 
agr i c u l t u r  a1 areas. 
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APPENDIX D - 

PRCPERTY INVENTORY 
Chemical Reagents  

1 X 5 l b  A c e t i c  a c i d  80% r g t .  
2 X 25mg 1-Amino-2-napthol-4-sulfonic 
12  X 1 l b  Ammnium a c e t a t e  r g t  c r y s t  
2 X 1 l b  Ammonium c h l o r i d e  r g t  g r a n n u l a r  
4 X 1 l b  Ammonium f l o u r i d e  r g t  c r y s t  
2 X 1 b l  Ammonium c i t r a t e  r g t  pdw. 
4 l b  Ammonium h y d r i x i d e  r e a g e n t  
2 X 4 ox  Ammonium molybdate r g t  c r y s t .  
2 X 1 l b  Ammonium oxala ' te  r g t  c r y s t .  
2 X 1 l b  Ammonium s u l f a t e  r g t  c r y s t .  
5U0 gom A s c a r i t e  I1 8-20 mesh 
1 X 1 l b  Aarium c h l o r i d e  r g t  C r y s t  
1 X 5 gm Barium diphenylamine  s u l f o n a t e  
1 l b  Barium hydrox ide  r g t  
1 X 2 5  gm Bromo c r e s o l  g reen  i n d .  
1 l b  Barium s u l f a t e  r g t  
2 X 1 l b  Bromine 
2 X 1 B o r i c  a c i d  r g t  pwd. 
1 l b  Calcium a c e t a t e  r g t .  pwd. 
2 X 1 l b  Calcium c a r b o n a t e  r g t  pwd. 
1 X 25 gm Calgon powder 
1 X 23 kg Calcium c h l o r i d e  d i h y d r a t e  
1 l b  Calcium c h l o r i d e  r g t  Anhs pdr .  
2 0  cu f t  Carbon d i o x i d e  100% 
1 X 5 p t .  Carbon T e t r a  c h l o r i d e  r g t .  
1 X 1 l b  Charcoa l  a c t i v a t e d  pwd. n o r i t  A 
1 l b  C h l o r i t e  r e g u l a r  8 mesh 
1 C h l o r i d e  s e l e c t i v e  i o n  e l e c t r o d e  f l a c o n s  of s t a n d a r d i z i n g  s o l .  
1 X 1 l b  C i t r i c  a c i d ,  monohydrate 
1 X 50u g m .  C u p r i c  s u l f a t e  s h y d r a t e  f i n e  c r y s t a l  
4 X 2 5  gm. Curcumin, c r y s t a l l i n e  
1 X 1 l b .  Devarda ' s  a l l o y  
2 X 5 0 0  m l .  Diethonolamine 
12  X 2 5  gm. D i t h i z o n e  r g t .  
1 X 5 0 0  gm. DL-alanine 
1 X 25 gm. DL-serine 
1 X 25 gm. DL-threonine 
2 X 500 gm. DPTA ( ( (~arboxymethyl)imino(bis(ethylene n i t r i l o )  ) 

- t e t r a - a c e t i c  a c i d  
1 l b  D r i e r i t e  r e g u l a r  8  mesh 
2 X 25  mg. Dromothymol b l u e  r g t .  pwd. 
1 X 250 mg. EDTA mag, d i s o d ,  s a l t  
1 X 100 mg. Erichrome b l a c t  T  i n d i c a t o r  
1 X 8 p t .  E t h y l  a c l o h o l  95% d e n a t u r e d  
1 X 1 l b .  F e r r i c  ammonium s u l f a t e  
1 X 1 lb .  F e r r i c  s u l f a t e  r g t .  pwd. 



1 X 1 p t .  Formic a c i d  r g t  
450 mg. G e l a t i n  g r a n u l a r  I V D  
1 X 25 gm. Glucoseamine h y d r o c h l o r i d e  
1 p t .  G l y c e v o l  r e a g e n t  
2  X 1 l b .  H y d r i o d i c  a c i d  r g t .  

2  X 1 l b .  Hydro bromic a c i d  r g t .  
6 X 6 H y d r o c h l o r i c  a c i d  
2  X 1 l b .  H y d r o f l o u r i c  a c i d  r g t .  4 8  
1 hydrogen  i o n  t r i p l e  p u r p o s e  e l e c t r o d e  s o l u t i o n s  approx .  o r  i o n  
1 2  X 450 m l .  Hydrogen p e r o x i d e  30% r g t .  
2  X 1 k g .  Hydroxylamine h y d r o c h l o r i d e  p r .  
1 X 500 gm. Hypophosphorous a c i d  50-528 
32 o z .  I o d i n e  r e a g e n t  
2  X 25  mg. I o d i n e  
1 X 1 l b .  Magnesiom s h a v i n g s  
1 X 1 lb .  Magnesium o x i d e  
1 X 1 l b .  Magnesium p e r c h l o r a t e  a n h y e l  r g t .  
2  X 1 o z  M e r c u r i c  C h l o r i d e  r g t .  cry. 
1 X 4  o z .  M e r c u r i c  o x i d e  y e l l o w  pwd. 
4  X 2 4  gm. Methyl r e d  i n d .  
1 X 4  o z .  Molybdimum t r i o x i d e  
1 0  X 5  mg. Murexide 
1 X 500 m l .  N , N ,  d imethylamine  
20 cu .  f t .  N i t r o g e n  g a s  
2  X 5  b l .  N i t r i c  a c i d  r e a g e n t  
1 X 25 gm. Nynhydrin monohydrate  
1 X 500 gm. O c t y l  a l c o h o l  
5  X 1 0  gm. 0 - p h e n a n t h o l i n e  r g t .  n e e d l e s  
1 X 1 lb .  O x a l i c  a c i d  r g t .  c r y s t .  
1 2  X 1 p t .  P a r a f i n  o i l  w h i t e  
1 X 100  gm. P-Methyl amionphenol  s u l f a t e  p r .  
1 X 100  gm. P - n i t r o p h e n o l  i n d .  
l u O  gm. P a r a  ( p )  n i t r o p h e n o l  
2 X 1 . 5  P e r c h l o r i c  a c i d  70% r g t .  
1 X 4 oz.  P e r i o d i c  a c i d  99.5% c r y .  
2  X 1 b l .  Pheno l  r e a g e n t  Loose c r y s t  
2 5  9x1. P h e n o p h t a l e n e  i n d .  
1 1  X 1 pt. Phosphoric acid rgt. 
1 X 4 oz.  Phosphorous p e n t o x i d e  r g t .  
2  X 4 o z .  Potas ium bromide r g t .  c r y .  
5 X 1 lb .  Po ta s s ium c h l o r i d e  r g t .  a n y s t .  
2  X 1 lb .  Po ta s ium chromate  r g t .  
1 X 4  oz .  Po ta s ium c y a n i d e  r g t .  
1 X 1 l b .  Po ta s ium d i c h r o m a t e  r g t .  c r y .  
1 X 1 lb .  Po ta s ium f e r r o  c y a n i d e  r g t .  
2  X 1 l b .  Po ta s ium i o d i d e  r g t .  pwd. 
1 X 25 gm. P o t a s s i u m  meta p e r o d a t e  
2  X 1 l b .  Po ta s ium n i t r a t e  r g t .  cry. 
1 X 4 o z .  Po ta s s ium permangonate  r g t .  c r y s t .  
1 X 4 o z .  Potas ium p h o s p h a t e  MB 
1 X 5 lb .  Po ta s ium s u l f a t e  r g t .  c r y .  
1 X 25 gm. P y r o g a l l o l  
1 X 500 gm. Q u i n a l d i n e  
1 X 4  o z .  Se len ium pwd. 



1 X 1 l b .  S i l i c o n  lumps 
5  X 1 oz .  S i l v e r  n i t r a t e  #12/0z.  
1 X 25 gm. S i l v e r  p e r c h l o r a t e  #12/25 gm. 
2 X 4 oz .  S i l v e r  s u l f a t e  r g t .  pwd. # 1 2  oz .  on 96 
1 X 5  l b .  Soda & Lime r g t .  6-12 mesh. 

1 l b .  Sodium a c e t a t e  r g t .  c r y s t .  
1 X 500 gm. Sodium a c e t a t e  t r i h y d r a t e  
1 X 500 gm. Sodium a r s e n i t e  
1 l b .  Sodium b i s u l f i t e  
1 X 1 lb. Sodium b o r a t e  r g t .  c r y .  
1 X 1 Sodium carbonate  anhyd. r g t .  pwd. 
2  X 1 l b .  Sodium c h l o r i d e  r g t .  c r y s t .  
1 X 1 l b .  Sodium c i t r a t e  r g t .  c r y .  
1 X 4 oz .  Sodium d ie thy ld i th ioca roma te  
4 X 5  l b .  Sodium hydroxide r g t .  s p l .  
2 X 1 l b .  Sodium n i t r a t e  r g t .  c r y s t .  
1 X 500 gm. Sodium n i t r i t e  
1 X 500 gm. Sodium phosphate monobasic rnonohydrate 
1 X 500 gm. Sodium phosphate t r i b a s i c  12  h y d r a t e  
2  X 100 gm. Sodium s e l e n i t e  
1 X 1 l b .  Sodium s u l f a t e  anhyd r g t .  gram. 
1 X 1 l b .  Sodium s u l f i t e  anhs r g t .  c r y s t .  
1 X 1 l b .  Sodium t h i o s u l f a t e  r g t .  c r y s t .  
1 X 4 oz .  Sodium t u n g s t i n a t e  r g t .  c r y s t .  
1 X 500 gm. Stannous c h l o r i d e  d i h y d r a t e  
1 X 4 oz .  Stannous c h l o r i d e  r g t .  c r y s t .  
500 gm. Sorbents ,  column, micro c r y s t a l i n e ,  c e l l u l o s e  
1 X 100 gm. Su l fon ic  a c i d  99% 
1 X 500 gm. Su l fu r  C o l l o i d a l  
6  X 8 l b .  S u l f u r i c  a c i d  r g t .  
1 X 4 oz .  T a r t a r i c  a c i d  r g t .  c r y s t .  
1 X 500 m l .  Trolamine 
1 X 500 m l .  Trolamine 
1 X 1 l b .  Zinc a c e t a t e  r g t .  c r y s t .  
1 X 1 lb. Zine reagent  10 mesh 



LABORATORY EQUIPMENT 

1 A b s o r p t i o n  Lamp - Aluminuim 
1 A b s o r p t i o n  Lamp - Boron 
1 A b s o r p t i o n  Lamp - Cr-Co-Cu-Mn-Ni 
1 A b s o r p t i o n  Lamp - Cu-Fe-Mn-Zn 
1 A b s o r p t i o n  Lamp - Magnesium 
1 A b s o r p t i o n  Lamp - Potas ium 
1 A b s o r p t i o n  Lamp - Sodium 
1 A b s o r p t i o n  Lamp - T i t a n i u m  
2  Acid D i g e s t i o n  Bomb 
a  B & L I l l u m i n a t o r  110/115v 50/60  Hz 
1 pkg Beake r s  50 m l .  
1 pkg Beake r s  100  m l .  
1 c a s e  Beaker  - Nalgene 1 0 0  m l .  
1 c a s e  Beaker  - Nalgene 250 m l .  
2 pkg Beake r s  250 m l .  
3  pkg B e a k e r s  400 m l .  
2 pkg Beake r s  1000 m l .  
2  c a s e s  Bot t les  - Nalgene  - Wide mouth 8 o z  m l .  
1 c a s e  Bot t les  - Nalgene - Wide mouth 1 6  o z  m l .  
1 c a s e  B o t t l e s  - S a g l e n e  - Wide mouth 32  o z .  m l .  
2  c a s e s  Bot t les  - Narrow mouth 500 m l .  
2 c a s e s  Bot t les  - Narrow mouth 250 m l .  
1 c a s e  Bot t l e s  - P o l y p r o p y l e n e  - Narrow mouth 1 6  o z .  m l .  
2  c a s e s  Bo t t l e s  - P o l y p r o p y l e n e  - Narrow mouth 8 o z .  m l .  
1 c a s e  Bot t les ,  s o l u t i o n ,  P o l y p r o p y l e n e ,  Nalgene  
2  Bouyoucos M o i s t u r e  meter 
50  Bouyoucos S o i l  B locks  
1 Brush - B a l a n c e  
2 pkg Brush  - F l a s k  
1 c a s e  B u r e t  1 0  m l .  g l a s s  
1 c a s e  B u r e t  50 m l .  g l a s s  
2 pkg Brush  - Nylon 
1 pkg Brush  - Nylon 
1 pkg Brush - Nylon 
2  B u r e t  S u p p o r t ,  S i n g l e  L i n c o l n  
6  Burne r ,  h i g h  t e m p e r a t u r e  
2  c a r t ,  Pan t y p e  
1 0  C a r t r i d g e  d e m i n e r a l i s e r  B a r n s t e a d  
1 c a s t  (11) C h a r t  p a p e r  
1 1 .5  l b .  C l o t h  measur ing  t a p e  
1 Coleman model 5 4  s p e c t r o p h o t o m e t e r  230v 50/60 Hz 
1 Corn ing  1 2 5  m l .  f l a s k  ( I c o n )  
1 Corn ing  C h a r t  Recorder  115  v / 6 O ~ z  
1 e a .  C u l i g a n  Reve r se  OSMOSIS DESALTER 5  g a l / d a y  c a p a c i t y  
1 C y l i n d e r s t a n d  
1 D i g i t a l  Thermometer 
4 D i s p e n s e r e  R e p i p e t s  5 .0  m l .  
1 D i s t i l l i n g  Appara tus  Automat ic ,  E l e c t r i c a l  B a r n s t e a d ,  115/230 

V ,  6 0  Hz. 
2  Cases  D i s t i l l i n g  A p p a r a t u s  



1 Eppendorf Microl i te r  p ipe t  10 1 
1 Eppendorf Microl i te r  p ipe t  25 1 

1 Eppendorf Microl i te r  p ipe t  50 1 
1 Eppendorf Microl i te r  p ipe t  100 1 
1 Eppendorf Microl i te r  p ipe t  250 1 
1 Eppendorf Microl i te r  p ipe t  1000 1 
1 pkg Erlenmeyer Flask 25 m l .  
1 pkg Erlemeyer Flask 50 m l .  
1 pkg Erlemeyer Flask 125 m l .  
4 pkg Erlemeyer Flask 500 m l .  
1 pkg Erlemeyer Flask 1000 m l .  
1 pkg Erlemeyer Flask 2000 m l .  
1 pkg 25 shee t s  F i l t e r  sheets ,  g l a s s  microfiber  reeve angle grade 

9 3 4AH 
10 X 1 pkg (100) F i l t e r  paper Whatman #43 
3 pkg Flask - F i l t e r i n g  1000 m l .  
10 Flask holders  250 m l .  
3 pkg Flask - Volumetric - 10 m l .  
2 pkg Flask - Volumetric 25 m l .  
4 pkg Flask - Volunetric 50 m l .  
1 case Flask - Volumetric 250 m l .  
1 case  Flask - Volumetric 100 m l .  
7 cases  Flask - Volumetric 500 m l .  
9 Cases Flask - Volumetric 1000 m l .  
1 2 l b .  Four Foot Extention 
5 Graduated Cylinders 10 m l .  
5 Graduated Cylinders 25 m l .  
5  Graduated Cylinders 100 m l .  
8 Graduated Cylinders 500 m l .  
4 Graduated Cylinders 1000 m l .  
1 Hot P l a t e  230v 50/60 Hz 
3 Hydrometer analys is  s e t ,  220V, 50 Hz 
1 2  Hydrometer 
24 Hydrometer ja r  
1 IEC t a b l e  top cent r i fuge  230 V AC 
1 Ion Analizer (o r ion)  
1 I l luminator ,  Reflector  110/220 V 
1 8 l b .  Instrument s c a l e  
1 case Kjeldahl D i s t i l l a t i o n  Flasks 500 m l .  pkg of 24 
6 Kjeldahl D i s t i l l a t i o n  heat ing elements 230V 
1 LabConCo f i be rg l a s s  47 fume hood with se rv ices  
1 No. 3551-10 Lab-Line Safety Refigerator  o r  equal Gouples 120A 
5 Magnetic S t i r  bars 1"  
1 Mett ler  E2000 balance 200/240 V ,  capaci ty  1300 grams 
1 Mett ler  HL-52 E lec t ron ic  Balance, Capacity 161 grams 1 1 5 / 2 2 0 ~  
1 Microscope Stereoscopic B & L 10 t o  25 X 
1 Notarized s ieve  shaker, 220v, 1 phase, 50Hz 
1 Muffle Furnace 230 V 
1 Oven Forced Circula t ion  240V 
1 Perkin Elmer Mode 1 303 Atomic Absorption Spectrophotome t e r ,  

220V with 2 e x t r a  burner heads 
1 Perkin Elmer ~ t o m i c  Absorption Lamp - Calcuim 
1 PH meter, Research Corning model 1 2  105/220 V 50/60 Hz 
1 4 l b .  Ph meter 



6  p i p e  s u c t i o n  c a p  
1 c a s e  P i p e t  t i p s  f o r  5-100 1 

1 c a s e  P i p e t  T i p s  f o r  101-1000 1 
1 Pump, p r e s s u r e  vacuum, l i t t l e  g i a n t  
1 Rack f o r  Eppendorf  p i p e t s  
1 pkg Recorde r  p e n s  
1 R e g u l a t o r ,  p r e s e t  2  s t a g e  
1 Reotemp 36"  Thermometer 
2  pkg Round C u r v e t s  1 9  X 1 0 5  mm t e s t  t u b e s  
1 Shake r  115  V 
1 Shake r  c a r r i e s  
1 S i e v e  c o v e r  
1 S i e v e  r e c e i v e r  
1 5  S p a t u l a  
5 S p a t u l a  
3  S q u a r e  F lexa-mis  S t i r r e r s  230V 50/60  Hz 
1 o z .  S topcock  g r e a s e  l i g h t  temp vaccum 
1 c a s e  S t o p c o c k ,  S t r a i g h t  Bore  P y r e x  12mm OD 
1 5  S t o p p e r  S o .  1 9  
1 5  S t o p p e r  No. 2 4  
1 e a .  S u p e r b r a i n  64K compute r  ( 5  1 / 4  i n c h  f l o p p y  d i s k ) ,  w i t h  t h e  

f o l l o w i n g :  50Hz a d a p t e r ,  MPI p r i n t e r  (8 1 / 2  X 111, D o t  
M a t r i x  50 Hz, power s u r g e  p r o t e c t o r ,  o r  e q u a l  S o f t w a r e  
a c c e s s o r i e s :  Mpas ic  ( c o m p u t e r  programming P k g ) ,  Graham- 
D o r i a n  i n v e n t o r y  pkq ,  work-s t a r  word p r o c e s s i n q  Pkg 
( E n g l i s h ) ,  t h e  s o f t w a r e  s h a l l  b e  compa tab le  w i t h  t h e  above  
computer .  

1 4  l b .  Tempera tu re  meter 
4  pkg T e s t  t u b e s  - 150 X 20 
1 e a .  T I  54 Programmable c a l c u l a t o r  w i t h  PC-100 p r i n t e r / p l o t t e r  

o r  e q u a l  
1 T u r b i d i t y ,  meter, H e l l i g e  110-130V 60Hz, 2  t u b e s  and  2  b u l b s  
1 Tygon t u b i n g ,  50 f t .  1 / 2 "  I D  5 / 8 "  OD 
1 Tygon t u b i n g ,  50  f t .  3 / 8 "  I D  1 / 2 "  OD 
1 U.S. s t a n d a r d  s i e v e  1 / 4 "  
1 U.S. s t a n d a r d  s i e v e  1 / 2 "  
1 U.S. s t a n d a r d  s i e v e  3 /8"  
1 U.S. s t a n d a r d  s i e v e  4  mesh 
1 U.S. s t a n d a r d  s i e v e  8 mesh 
1 U.S. s t a n d a r d  s i e v e  20 mesh 
1 U.S. s t a n d a r d  s i e v e  28 mesh 
2  U.S. s t a n t i a r d  s i e v e  30 mesh 
1 U.S. s t a n d a r d  s i e v e  42 mesh 
1 U.S. s t a n d a r d  s i e v e  60  mesh 
1 U.S. s t a n d a r d  s i e v e  100  mesh 
1 U.S. s t a n d a r d  s i e v e  200 mesh 
1 c t n .  Wash B o t t l e s  500 m l .  
1 YSI Model 33-S-C-T C o n d c t i v i t y  meter 



OFFICE AND DRAFTING EQUIPMENT - 

1 Adapter  
2  A i r  C o n d i t i o n e r s  Model WO-303 o r  e q u a l  
1 Apol lo  Large  Bow Drawing S e t  
2  Bookcases (wood) 
1 2  B o t t l e s  L e t t e r i n g  Ink  (1002 b l t t l e )  ( a l l  b l a c k )  
24  boxes  G r a p h i c  drawing l e a d s  
1 C l e a n i n g  Brush  
1 C y l i n d e r  s t a n d  
18 Documents c a r t o g r a p h i q u e s ;  c a r t e  d e s  Somal is  au 1 / 1 0 0 , 0 0 0  

Fi lms  r e p r o d u c i b l e s  
1 D r a f t i n g  Machine E n g i n e e r s - M e t r i c  25 Grade 3 6 "  arm. 
1 D r a f t i n g  T a b l e  
1 Drawing T a b l e  60"  X 3 7  1 / 2 "  
1 Erawer s t o r a g e  U n i t  
1 2  each  E r a s e r  
6  each  Lead H o l d e r s  
3  Exac to  Knives  
1 E x e c u t i v e  Wooden desk  
1 French Curve No. 1 
1 French Curve No. 3  
1 French Curve No. 4  
1 Index C a r d  F i l e  
3  Kohinoor Ink  
1 Lamp 24" e x t e n s i o n ,  220 V 
1 Leroy C l e a n i n g  K i t  
1 Leroy L e s c r i o n  pen se t  
1 Leroy L e t t e r i n g  S e t  
1 Leroy Pen C l e a n i n g  F l u i d  
1 Leroy Pen Holde r  
1 Leroy Pen S e t  0 0 , 0 , 1 , 2 , 3 , 4 , 5  
1 Measuring S c a l e - M e t r i c  1 0  cm. 
1 Measuring S c a l e - M e t r i c  20 cm. 
1 Measuring S c a l e - M e t r i c - E n g l i s h  30 cm. 
1 Measuring S c a l e - M e t r i c  50 cm. 
1 Meta l  Desk 
2 Meta l  Desks 
3 Meta l  f i l e  c a b i n e t s  ( f rom USAID o f f i c e )  
1 $8 M i r r o r  S t e r e r s c o p e  
6 Name Tags 
1 P e n c i l  S h a r p e n e r  
1 P l a i n m e t e r  ( ~ e t r i c )  
18 Pkg E x a c t o  B lades  
3 R o l l s  Drawing F i l e  20 yds  X 36" 
5 R o l l s  T r a c i n g  Paper  20 yds  X 36" 
400 S h e e t s  W e t  Media A c e t a t e  Ink  
7  S t a n d a r d  Replacement  P o i n t s  s i z e s  0 0 , 0 , 1 , 2 , 3 , 4 , 5  
1 Swive l  c h a i r  ( f rom USAID o f f i c e )  
1 Swive l  c h a i r  
1 Templa te  - M e t r i c  



1 Templa t e  - Metric 
1 Templa t e  - Metric 
1 T r i a n g l e  - 8" 2 5  

1 T r i a n g l e  - 12"  30  
1 T r i a n g l e  6"  1 5  
1 T r i a n g u l a r  S c a l e  - Metric 
1 T. S q u a r e  - Paragon 36"  Doric 
1 V e r s i t i l i t y  L i g h t  T a b l e  3 7  112"  X 50" 
1 #14 Ve r t i c l e  s k e t c h m a s t e r  
1 2 l b .  S k e t c h m a s t e r  l e g  e x t e n t i o n  
6 6 l e n s e s  
8 8 l e n s e s  
3  2000W v o l t a g e  C o n v e r t e r s  2301250 t o  1151130 60  Hz 
2 l O O O W  v o l t a g e  C o n v e r t e r s  2301250 t o  1151130 6 0  Hz 
25U yds  Drawing P a p e r  20  y a r d s  X 36" 



FIELD EQUIPMENT 

1 #1 Abney l e v e l  
1 #4  Albe r  A l d i m e t e r  
1 6 l b .  Alumminum bag t a g s  
1 #2 4 '  Auger e x t e n s i o n  
2  25 l b .  camp c o t  
1 1 . 5  l b .  C l i p o n  Tags 
1 #1 112 C l o t h  measuring t a p e  
1 #4 Companion l i g h t  
1 0 . 2  l b .  Compas 
1 $114 Emergency t h e r m a l  b l a n k e t  
1 50 f t .  e x t e n s i o n  p r o b e  
1 1 4  l b .  F i r e  E x t i n g u i s h e r  
1 #1 114 F i e l d  S t e r e o s c o p e  
4  5  Ga l lon  J u g s  
6 Gypsum Blocks  
1 t b  114 Hanging s c a l e  a t t a c h m e n t  
1 1 5  l b .  48 q t .  i c e  c h e s t  21  X 1 3  X 1 5  
1 # 8  I n s t r u m e n t  S c a l e  
3  #1 112 K n i f e  
1 Map Measure ( ~ e t r i c )  
3  k1/4 Munsel c o l o r  c h a r t  
2  3 O a k f i e l d  s o i l s  sampl ing  k i t  
1 #4  Ph mete r  
3 85 P i c k s ,  Mattock 
1 202. Pocke t  Magnifyer  
1 #7 S o i l  Auger 3"  
1 #1 S o i l  M o i s t u r e  Meter 
1 2  S o i l  S a l i n i t y  Cups 
1 2mm S t a n d a r d  S i e v e  f o r  t h e  f i e l d  
1 #4  Tempera ture  Meter 
3  1 . 5  l b .  T e n t  
4  18 l b .  Two g a l l o n  Thermos 
1 2 l b .  Umbrella 
1 9.5 Lb. Wood Chopping Mal l  
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APPENDIX E 

LABORATORY FORMS 

DATE RECEIVED: 

SAMPLE RECIEPT FORM 

Type o f  Sarrple: Water - S o i l  

Owner 's  Name: 

Address  : 

Date of  t h e  a n a l y s i s :  

Geographic  l o c a t i o n  o f  t h e  samples:  

Depth: 

Labora to ry  Number : 

Date t h e  Samples w e r e  t aken :  

Geomorphic p o s i t i o n :  

Purpose  o f  t h e  r e s u l t s :  

The d a t e  and k ind of p r e v i o u s  a n a l y s i s :  

L i s t  o f  a n a l y s i s  r e q u e s t e d :  

Type o f  v e g e t a t i o n  or a g r i c u l t u r e :  

N e x t  c r o p  : 

Other  remarks :  
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APPENDIX F 

I n d i v i d u a l  Farm V i s i t  Form - 
On S i t e  C o n t a c t  

Gate: Apr .  1 0 ,  1 9 8 1  

L o c a t  i o n :  Yobohi  - D i k h i l  P r o v i n c e  

P e o p l e  C o n t a c t e d :  Maureen Y a t e s  

T e c h n i c i a n s  P r e s e n t :  D r .  Goebel & D r .  Y a t e s  

P u r p o s e  o f  t h e  V i s i t :  To see e x p e r i m e n t a l  o a r d e n  

Comments or Recommenda t ions :  The g a r d e n  w a s  o v e r  f o r  t h e  y e a r .  
The  w a t e r  seemed i n  g o o d  c o n d i t i o n .  W e  would  t e s t  t h e  water a n d  
s o i l  as s o o n  as possible.  

Fo l low-up  S c h e d u l e :  R e t u r n  as  c o n v e n i e n t .  



Individual  Farm V i s i t  Form 

O n  S i t e  Contact 

Date: Kay 14, 1981 

Location: Douda Yer 

People Contacted: Farmer ' s Cooperative 

Technicians Present:  Far ah Omar , Er . Joseph Goebal 

Purpose of t he  V i s i t :  T o  look i n t o  t h e  needs of t he  farms of  t h e  
Atar area t o  e s t ab l i sh  farms. 

Comments or Recommendations: The people would need t o  wait  u n t i l  
b e t t e r  da ta  was ava i l ab le  for  locat ing  farn! s i t e s .  

Fol low-up Schedul e  : 



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

Date: S e p t e n b e r  2 ,  1 9 8 1  

L o c a t i o n :  A l i a d e  - D i k h i l  P r o v i n c e  

P e o p l e  C o n t a c t e d  : L a r r y  B a r r a z o s  C.R. S. 

T e c h n i c i a n s  P r e s e n t :  J o s e p h  Goebel 

P u r p o s e  of t h e  V i s i t :  D e t e r m i n e  w e l l  s i t e  for r e f u g e e  camp 

Comments or Recommendat ions :  A spot was  s e l e c t e d  i n  t h e  w a d i  a n d  
t h e  work s h o u l d  be d o n e  b y  h a n d .  

Fo l low-up  S c h e d u l e :  F o l l o w - u p  showed  the w e l l  t o  be a s u c c e s s ,  
s u p p l y i n g  p l e n t y  of c l e a n  s w e e t  w a t e r .  T h i s  was a c c o m p l i s h e d  b y  
t h e  same r e f u g e e s .  



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

Date :  October 5 ,  1981 

L o c a t i o n :  Asa E a l a  - Dikh i l  P r o v i n c e  

P e o p l e  Con tac t ed :  The MOA Mohamed Harmed a n d  other f a r m e r s  of 
t h e  town. 

T e c h n i c i a n s  P r e s e n t :  Aboubaker Douale ,  J o s e p h  Goebel, Wolfgang 
M u e l l e r ,  S o v e n t i .  

P u r p o s e  of t h e  V i s i t :  S e e  t h e  A g r i c u l t u r a l  p o t e n t i a l  of t h e  
D ikh i l  P r o v i n c e ,  i n  p a r t i c u l a r ,  A s a  E l a .  

Comments or Recommendations: T h e  w e l l s  were l o c a t e d  t o o  f a r  from 
t h e  Gof food  Wadi c h a n n e l  and  therefore t h e  w a t e r  w a s  s a l t y  a n d  
t h e  crops w e r e  s u f f e r i n g .  Water must be g o t t e n  f rom t h e  Wadi 
c h a n n e l .  

Fol low-up Schedu le :  R e t u r n  t o  se t  up  a fa rm s i t e  f o r  t h e  F rench  
v o l u n t e e r s .  



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

D a t e :  October 2 7 ,  1981 

L o c a t i o n :  C h e k h e t i  a n d  S a b b a l o u  - D i k h i l  P r o v i n c e  

P e o p l e  C o n t a c t e d :  U n i t e d  N a t i o n s  H i g h  Commiss ion o n  R e f u g e e s  

T e c h n i c i a n s  P r e s e n t :  Aboubaker  D o u a l e ,  J o s e p h  Goebel, Wol fgang  
M u e l l e r ,  Mohamed A w a l i  

P u r p o s e  o f  the  V i s i t :  D e t e r m i n e  s i tes  a n d  water s u i t a b l e  f o r  a 
r e f u g e e  r e l o c a t i o n  p r o g r a m  i n  a g r i c u l t u r e .  

Comments or  Recommendat ions :  Two s i tes  w e r e  selected a n d  a re  
s u i t a b l e  f o r  d e v e l o p m e n t  when t he  n e c e s s a r y  w e l l s  a re  d r i l l e d .  

F o l l o w - u p  S c h e d u l e :  prepare a report on  t h e  so i l s  o f  t h e  areas. 



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

D a t e :  December  7 ,  1981 

L o c a t i o n :  S u b l a l i ,  Oboch P r o v i n c e  

P e o p l e  C o n t a c t e d :  V i s i t  for t h e  M i n i s t e r  of A g r i c u l t u r e  

T e c h n i c i a n s  P r e s e n t :  F a r a h  Ornar, J o s e p h  Geobel 

P u r p o s e  of t h e  V i s i t :  D e t e r m i n e  the  s u i t a b i l i t y  of t h e  o l d  
g a r d e n  for r e h a b i l i t a t i o n .  

Comments  or R e c o m m e n d a t i o n s :  W h i l e  the w a t e r  o f  the  w e l l  w a s  
s o m e w h a t  s a l i n e  t h e  p r o b l e m  w i t h  t h i s  s i t e  w a s  n o t  h a v i n g  
p e r m i s s i o n  t o  u s e  the  w a t e r  f r o m  the  town w e l l  a n d  a l s o  
managemen t  a n d  labor cos ts .  

F o l l o w - u p  S c h e d u l e :  T h e  area p r o b a b l y  r e p r e s e n t s  t h e  best a r e a  
for soi ls  a n d  w a t e r  t o  d e v e l o p  v e g e t a b l e  g a r d e n i n g .  R e t u r n  
v i s i t s  w i l l  become more f r e q u e n t .  



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

Date :  A p r i l  3 ,  1982 

L o c a t i o n :  Mouhed, E l i  Sabeah  P r o v i n c e  

P e o p l e  C o n t a c t e d :  S o v e n t i  FA0 

T e c h n i c i a n s  P r e s e n t :  J o s e p h  Goebe l  

P u r p o s e  o f  t h e  v i s i t :  Obse rve  t h e  p rob l ems  o f  t h i s  a q r i c u l t u r a l  
r e s e t t l e m e n t  p r o j e c t .  

Comments or Recommendat ions:  The s i t e  i s  s u f f e r i n q  s a l t i n e s s  and  
h i g h  loam.  Recommend e x p a n d i n g  t o  new l a n d  and work ing  t h e  o l d  
l a n d  d u r i n g  t h e  n e x t  r a i n y  s e a s o n  t h e n  l e t  i t  d r y  f o r  2  y e a r s  or 
SO.  

Fol low-up S c h e d u l e :  W i l l  r e t u r n  i n  a few months .  



Individual  Farm V i s i t  Form 

On S i t e  Contact 

Date: Karch 16, 1982 

Location: Atar Projec t  

People Contacted: Michel Custer 

Technicians Present:  Farah Omar, Joseph Goebel 

Purpose of t h e  V i s i t :  Test  i r r i g a t i o n  water 

Comments or Recommendations : The water enter ing  t he  catchment 
was 34 degrees cent igrade 500 ppm s a l t .  In t h e  catchment t h e  
temp. was 28 degrees cent igrade  an 1000 pm s a l t .  We recommended 
d i r e c t  i r r i g a t i o n .  

Follow-up Schedule: On demand 



Individual Farm Vis i t  Form 

On S i t e  Contact 

Date: March 18, 1982 

Location: East of Eas Eayla, D i k h i l  

People Contacted : Bernard P la t ,  Jaques Olivier , Ahmed Hamadrow 

Technicians Present: Aboubaker Douale, Joseph Goebel, Kohomed 
Awali 

Purpose of the Vis i t :  Locate a garden s i t e  for a demonstration 
project  as a cooperative e f f o r t  between the Agricultural Service 
and the French volunteers. 

Comments or Recommendations: A spec i f ic  s i t e  was selected near 
the  wadi channel with recommendations t o  construct some flood 
water diversion s t ructures .  Water samples were taken from two 
nearby wells. 

Follow-up Schedule: on demand. 



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

Date: May 1 2 ,  1982  

L o c a t i o n :  A t a r ,  D j i b o u t i  P r o v i n c e  

P e o p l e  C o n t a c t e d :  M i c h e l l e  C u s t e r s  a n d  G o l d s t i e n  

T e c h n i c i a n s  P r e s e n t :  Joseph Goebel 

P u r p o s e  o f  t h e  V i s i t :  To r e v i e w  t h e  c o n d i t i o n  o f  c r o p s  a n d  so i l s  
a t  t h e  a g r i c u l t u r a l  p ro jec t .  

Comments or Recommendat ions:  D r i p  i r r i g a t i o n  w i l l  c u t  s a l t  
b u i l d - u p .  They need  a new s o u r c e  o f  w a t e r  or the  g a r d e n s  w i l l  be 
t o o  s a l i n e  i n  5 y e a r s .  

Fo l low-up  S c h e d u l e :  C o n t i n u e  t o  r e t u r n  r e g u l a r l y  



I n d i v i d u a l  Farm V i s i t  Form 

On S i t e  C o n t a c t  

Date:  May 16 ,  1 9 8 2  

L o c a t i o n :  Houmbouli, D j i b o u t i  P r o v i n c e  

P e o p l e  Con tac t ed :  Mohamed Awali  f o r  M i n i s t e r  o f  A g r i c u l t u r e ,  
Mohamed Hamed 

T e c h n i c i a n s   res sene: Aboubaker Douale ,  F a r a h  Omar, J o s e p h  Goebel 

P u r p o s e  o f  t h e  V i s i t :  De te rmine  s u i t a b i l i t y  o f  a  s i t e  f o r  a 
g a r d e n .  

Comments o r  Recommendations: I t  was f o r m e r l y  a g a r d e n  and seems 
t o  be s u i t a b l e .  Sweet w a t e r  i s  i m p o r t a n t  f o r  t h i s  s i te .  

Follow-up Schedu le :  o n  demand. 



A P P E N D I X  G - 
WATER S A L I N I T Y  I N V E S T I G A T I O N  O F  HOUMBOULI - 

AND GRANDE DOUDA AGRICULTURAL AREAS - 



APPENDIX G 

Water S a l i n i t y  I n v e s t i g a t i o n s  of  Houmbouli 

anu Grande Douda A g r i c u l t u r a l  Areas 

I n  t h e  beg inn ing  o f  t h e  1982 - 1983 growing season,  t h e r e  was a  
p o s s i b i l i t y  of stress b e i n g  p l a c e d  on t h e  c a p a c i t y  o f  t h e  a q u i f e r  t o  
supp ly  w a t e r  f o r  t h e  e x t e n s i v e  amount of  a g r i c u l t u r a l  expans ion,  
e s p e c i a l l y  i n  t h e  Houmbouli a r e a .  The l a s t  major r a i n ,  w i t h  subse-  
q u e n t  f l o o d i n g  was t h e  p r e v i o u s  J a n u a r y  and t h e r e  a p p e a r s  t o  be no 
wea the r  p a t t e r n  i n  t h e  c o u n t r y .  

I t  was o u r  purpose  t o  measure t h e  d e p t h  of  t h e  w e l l  t o  t h e  w a t e r ,  
t h e  d e p t h  of t h e  w a t e r ,  t h e  t e m p e r a t u r e  i n  d e g r e e s  c e l s i u s ,  t h e  
s a l i n i t y  i n  p a r t s  p e r  1 ,000  and  c o n d u c t i v i t y  i n  microhoms (mhos) a t  
t h e  s u r f a c e  and d e p t h  o f  t h e  w e l l  on a b o u t  t h e  same t i m e  each month. 

The Houmbouli and Grande Douda a g r i c u l t u r a l  a r e a s  w e r e  selected 
because  of t h e i r  p rox imi ty  t o  t h e  l a b o r a t o r y  and because  t h e  e v i d e n c e  
of o n e  a r e a  cou ld  s u p p o r t  t h e  o t h e r .  Aboubaker Douale, and F a r a h  Omar 
o f  t h e  S o i l s  and Water L a b o r a t o r y ,  a l o n g  w i t h  Bever ly  R o l l i n s  of  
t h e  A g r i c u l t u r a l  S e r v i c e  s e l e c t e d  a  w e l l  d i s t r i b u t e d  sample i n  each  
community. They a l s o  g o t  pe rmiss ion  from t h e  l and  owner and made t h e  
r e a d i n g s  each month. 

November is  t h e  middle  of  t h e  l a n d  p r e p a r a t i o n  season  f o r  t h e  
w i n t e r  c rops .  T h e r e f o r e ,  t h e  d a t a  would be c o l l e c t e d  r i g h t  a l o n g  w i t h  
t h e  i n c r e a s e  i n  w a t e r  consumption a s  c r o p  needs would lower and /o r  t h e  
s a l i n i t y  would i n c r e a s e .  I n  f a c t ,  t h e  r e v e r s e  happened. Storms 
caused f l o o d i n g ,  e s p e c i a l l y  on t h e  Houmbouli i n  l a t e  November, s o  t h e  
r e c o r d  shows t h e  w a t e r  t a b l e  r a i s i n g  and s a l i n i t y  d e c l i n i n g .  

The t a b l e s  t h a t  f o l l o w  a r e  t h e  d a t a  t h a t  was c o l l e c t e d  by t h e  
l a b o r a t o r y :  



WATER SALINITY INVESTIGATION 

HOUMBOULI 

LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
OWNEk DEPTH OC O / O O  I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

A g r  i c u l t u r  a1 
Se rv ice  1 1 - 1 1 - 8 2  

M o h a m e d  
Salah I I 

M o h a m e d  
A m i n  I1  

A b d e l l a  
S h i r w a  II 

O s m a n  
A d e u  

M o h a m e d  
D a b i  I 1  

Said 
H a m a d a  

Sa id  
S o r e m i  

A d m i n i s t r a t i o n  
P a l m  P l a n t a t i o n  

M o u m i n  
B a d e r  

A g u e l l e h  
D j a m a  

Far  ah 
T Y e  

A d e n  
Moussa 

Idris  
Issa 

A b d e l t a z i z  



LAND CATE h E L L  TEMPERATURE S A L I N I T Y  COSDUCTIVITY 
OWNER DEPTH OC 0/00 I N  VHOS 

SURFACE DEEP SURFACE CEEP SURFACE DEFP 

D a s u d  
A s  s a w c h  1 1 / 1 1 / 8 2  

A d e n  
R o b l e c h  I 1  

H o u s i n  
D  j a m a  I 1  

A g r  i c u l  t u r  a1 
Service 1 2 / 1 2 / 8 2  

Mohamed 
Salah I 1  

Mohamed 
A m i n  I 1  

A b d e l  l a  
S h i r w a  11 

O s m a n  
A d e u  11 

Mohamed 
D a d a i  11 

Said  
H a m a d a  I 1  

Said 
S o r e m i  I 1  

A d m i n i s t r a t i o n  
P a l m  P l a n t a t i o n  " 

M o w m i n  
B a d e r  I 1  

A g u e l l e h  
D j a m a  I) 

Far ah 
T Y  e 11 

A d e n  
M o u s s a  I 1  

Idr is  
Issa  11 



LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
OWNER DEPTH OC O/OO I N  MHOS 

St iRFACE DEEP SURFACE DEEP SURFACE DEEP 

A b d e l l a z i z  
1 2 / 1 2 / 8 2  

D a s u d  
A s s a w e h  

A d e n  
R o b l e h  

H o u s s a i n  
D j a m a  

A g r  i cu l t u r  a1  
S e r v i c e  1/1/83 

Mohamed 
S a l a h  

M o h a m e d  
A m i n  

A b d e l l a  
S h i r w a  

O s r n a n  
A d e n  

M o h a m e d  
D a d a i  

Sa id  
H a m a d a  

Said  
Sor e m i  

A d r n i n i s t r  a t i o n  
P a l m  P l a n t a t i o n  " 

M o u m i  n 
B a d e r  

A g e l l e h  
D j a m a  I# 



Lm D DATE, WELL TEMPERATURE S A L I N I T Y  C O N D U C T I V I T Y  
O k N E R  D E P T H  OC O/OO I N  MHOS 

S U R F A C E  D E E P  S U R F A C E  D E E P  S U R F A C E  D E E P  

Far ah 1/1/83 
T Y  e 

A d e n  
M o u s s a  on 

A d r i s  
I ssa  II 

A b d e l l a z i z  II 

D a s u d  
A s s a w e h  

A d e n  
R o b l e h  

H o u s s i e n  
D j a m a  II 

A g r i c u l t u r  a1 
S e r v i c e  2 / 2 / 8 3  

M o h a m e d  
Salah I 1  Flooded 

M o h a m e d  
A m i n  

A b d e l l a  
S h i r w a  #I M i s s e d  

O s m a n  
A d e u  

M o h a m e d  
D a b a i  

Sa id  
H a m a d a  

Said 
S o r e m i  



LAND DATE WELL TEMPERATURE SALINITY CONDUCTIVITY 
OWNER DEPTH OC o / O O  I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

A d m i n i s t r a t i o n  2 /2 /83  5.25 
Palm P l a n t a t i o n  .55 

Mowmia 4 .54  
Bader II 1 . 1 0  

A g u e l l e h  3 .20  
Djama I 1  .88 

F a r  a h  
TY e 

Aden 
Moussa 

I d r i s  
Issa 

A b d e l l a z i z  7.44 
II .70 

Dasud 4 .30  
Assaweh # I  . 45  

Aden 
Robleh  

Houss i en  
D j a m a  

Agr i c u l t  ur a1 9 .59  
S e r v i c e  3 /16/83  .30 

Moharned . 6.15  
S a l a h  n u  5 .25  

.90 

Mohamed 
Amin 

A b d e l l a  
Sh i rwa  

Osman 
Aden 



LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
OWNER DEPTH OC O/OO I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

M o h a m e d  
D a b a i  3/16/83 

Sa id  
H a m a d a  

Sa id  
S o r e m i  

A d m i n i s t r a t i o n  
P a l m  P l a n t a t i o n  

M o w m i n  
B a d e r  

A g u e l l e h  
D j a m a  

Far ah 
T y e w  

A d e n  
Mousa 

Idris 
Issa 

D a s u d  4.30 
A s s a w c h  I 1  .45 2 8 . 0  

A d e n  
R o b l e h  

H o u s s i e n  3.81 
D j  ama II .67 31.0 



WATER S A L I N I T Y  INVESTIGATIONS 

GRANDE DOUDA 

LAND DATE WELL TEMPE FATURE S A L I N I T Y  CONDUCTIVITY 
OWNER DEPTH OC 0/00 I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

I br a h i m  
Igueh  H a r e d  1 1 / 1 1 / 8 2  

A l i  
Waber i 

B o b a k i r  
O h  ar I 1  

A h m e d  
G u i r  eh 

A i c h a  
G o u d i  

Waber i 
D o u b a d  

I ssa  
Iobriss II 

H a s s a h  
I br a h i m  11 

N o u r  
A i n a n e  

A l i  
H a s s a n  

A h m e d  
B e i l e h  

A h m e d  
I b r a h i m  19 

M o u s s a  
Weirah 

I br a h i m  
I g u e h  H a r e d  1 2 / 9 / 8 2  



LAND DATE WELL TEMPERATURE S A L I N I T Y  C C N D U C T I V I T Y  
OWNLR CEPTH OC 0/00 I N  MHOS 

S U R F A C E  DEEP SURFACE DEEP SURFACE DEEP 

I br a h i m  
I g u e h  H a r e d  

A l i  
Waberi 

B o b a k i r  
O h a r  

A h m e d  
G u i r  eh 

A i  cha 
G o u d i  

Waber i 
D o u b a d  

Issa 
Iobriss 

H a s s a n  
I br a h i m  

N o u r  
A i n a n e  

A l i  
H a s s a n  

A h m e d  
B e i l e h  

A h m e d  
I br a h i m  

Moussa 
Weir ah 

Ib r  a h i m  
Igueh H a r e d  

A l i  
Waber i 

B o b a k i r  
O h  ar 



LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
0WP;ER DEPTH OC 0/00 I N  Y H O S  

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

Ahrned  
G u i r  eh 1/13/83 

A i c h a  
G o u d i  

Waber i 
D o u b  ad 

I ssa  
Iobr iss II 

H a s s a n  
I br a h i r n  II 

N o u r  
A i n a n e  

A l i  
H a s s a n  

Ahrned  
B e i l e h  

A h m e d  
I br a h i m  I 1  

Moussa 
Weir ah 

I b r a h i m  2 / 1 1 / 8 3  
Igueh  H a r e d  

A l i  
Waberi 

B o b a k i r  
O h a r  I1 

A h m e d  
G u i r  eh 

A i c h a  
G o u d i  

Waber i 
D o u b a d  



LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
OWNER DEPTH OC O/OO I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

I s sa  
Iobr i ss  11 

H a s s a n  
I br a h i m  II 

N o u r  
A i n a n e  

A l i  
H a s s a n  

A h m e d  
B e i l e h  

A h m e d  
I br a h i m  I 1  

Moussa 
Weir ah 

I br a h i m  3/16/83 
Igueh  H a r e d  

A l i  
Waber i 

B o b a k i r  
O h  a r  11 

A h m e d  
G u i r  eh 

A i c h a  
G o u d i  

Waberi 
D o u b a d  

Issa 
Iobr i ss  I 1  

H a s s a n  
Ibrahim I 1  

N o u v  
A i n a n e  



LAND DATE WELL TEMPERATURE S A L I N I T Y  CONDUCTIVITY 
OWNER DEPTH OC o/Oo I N  MHOS 

SURFACE DEEP SURFACE DEEP SURFACE DEEP 

A l i  
H a s s a m  

A h m e d  
B e i l e h  

A h m e d  
I b r  a h i m  

Moussa 
We i r  ah 



I t  i s  h e l p f u l  t o  know o t h e r  i n f o r m a t i o n  t o  be a b l e  t o  u n d e r s t a n d  
t h e  s i g n i f i c a n c e  o f  t h e  d a t a .  Now i s  a  good t i m e  t o  review some of 
t h e  w a t e r  r e q u i r e m e n t s  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  

Most c r o p s  need w a t e r  w i t h  less t h a n  2 ,000 p a r t s  p e r  m i l l i o n  
(ppm) t o t a l  d i s s o l v e d  s a l t s  t o  respond w e l l  t o  i r r i g a t i o n .  The u s e  of  
w a t e r  w i t h  more s a l i n e  t h a n  t h i s  e v e n t u a l l y  c a u s e s  many c o m p l i c a t i o n s .  
A s i n g l e  c r o p  needs from 500 t o  15,000 c u b i c  meters (1 ,000  
l i t e r s / c u b i c  meter) of  w a t e r .  The demand depends on t h e  t y p e  of c r o p ,  
t h e  l e n g t h  of t h e  growing season  and t h e  k i n d  of  i r r i g a t i o n  p r a c t i c e .  
Using l a r g e  q u a n t i t i e s  of  w a t e r  i s  t h e  b i g g e s t  c a u s e  o f  accumula t ion  
o f  s a l t  i n  t h e  s o i l .  A t  2 ,000 ppm, w a t e r  c o n t a i n s  500 grams of s a l t  
p e r  c u b i c  m e t e r .  T h i s  means s a l t  accumula t ions  p e r  c r o p  w i l l  r ange  
between 2,500 and 7,500 k i l o s  p e r  h e c t a r e .  These  r a t e s  qo 
p r o p o r t i o n a t e l y  h i g h e r  a s  t h e  s a l t  i n c r e a s e s  i n  t h e  w a t e r .  Some w e l l s  
i n  t h e  a r e a  have  s i x  t i m e s  t h i s  amount of  s a l t  w h i l e  o t h e r s  have  less 
t h a n  o n e - f o u r t h  t h i s  amount. I t  i s  i m p o r t a n t  t o  s e e k  o u t  t h e  good 
w a t e r .  These  s a l t s  accumula te  i n  t h e  s o i l s  due t o  e v a p o r a t i o n  of  t h e  
w a t e r .  Then t h e y  r e - d i s s o l v e  i n  t h e  f r e s h  w a t e r  added l a t e r .  
T h e r e f o r e ,  depending on t h e  t e x t u r e  of  t h e  s o i l ,  t h e  s o i l s  must be 
washed deep beyond t h e  zone of t h e  r o o t s ,  abou t  two meters.  his 
washing p r o c e s s  t a k e s  even more good q u a l i t y  w a t e r  t o  r e s t o r e  t h e  
l a n d .  Consequent ly ,  t h e  s a l t  c o n t e n t  of  t h e  w a t e r  must be k e p t  l o w .  

I n  t h e  Houmbouli r e g i o n ,  most of t h e  w e l l  w a t e r  h a s  between 2,100 
t o  4 ,500  pprn s a l t s .  Grande Douda w e l l s  have  between 300 and 2,400 pprn 
s a l t s .  T h i s  d i f f e r e n c e  i n  s a l t  c o n t e n t  i s  c l e a r l y  r e f l e c t e d  i n  t h e  
q u a l i t y  and p r o d u c t i v i t y  of  t h e  c rops .  I t  i s  a l s o  d i r e c t l y  r e l a t e d  t o  
t h e  p r o x i m i t y  of t h e  w e l l s  t o  t h e  wadi channe l .  The c l o s e r  t h e  w e l l  
i s  t o  t h e  channe l ,  t h e  lower t h e  s a l t  c o n t e n t .  I n  t h e  c h a n n e l  i t s e l f ,  
t h e  c o n t e n t  may be a s  low a s  100 pprn s a l t s .  T h i s  may w e l l  be why t h e  
nomads a lways  dug t h e i r  w e l l s  i n  t h e  c h a n n e l  even though t h e y  would be 
l o s t  d u r i n g  each r a i n .  T h i s  i s  why t h e  c i t i z e n s  of  t h e  C i t y  of  
D j i b o u t i  seek  t h e  w a t e r  a t  Houmbouli. The s e d i m e n t s  above and b e s i d e  
t h e  c h a n n e l  have  a c c p e t a b l e  s o i l s  on t h e  s u r f a c e  f o r  a g r i c u l t u r e  b u t  
s a l t s  w e r e  d e p o s i t e d  and  accumulated i n  t h e  s u b s o i l  below two meters. 
The s a l t  i n  t h e  s u b s o i l  i s  d i s s o l v e d  i n t o  t h e  w a t e r  i n f i l t r a t i n g  from 
t h e  f l o o d  w a t e r s  of t h e  wadi channel .  Thus s a l t  c o n t e n t  i n c r e a s e s  
rapid ly  with d i s tance  away from t h e  channel where t h e  water begins  
w i t h  less t h a n  100 pprn b u t  appears  l a t e r  c o n t a i n i n g  12,000 pprn which 
w o n ' t  even s u p p o r t  d a t e  palms, t h e  most s a l t - t o l e r a n t  c r o p .  

From o u r  o b s e r v a t i o n s ,  it i s  c l e a r  t h a t  w a t e r  q u a l i t y  i n c r e a s e d  
p r o g r e s s i v e l y  ( w i t h  1 ,500  pprn less s a l t  i n  w a t e r  c o n t a i n i n g  3 ,500 pprn 
s a l t ) .  Dur ing  December, t h e  Houmbouli wadi f l o o d e d  from r a i n  i n  t h e  
mountains.  S i n c e  t h e  Grande Douda wadi was l i t t l e  a f f e c t e d  by t h i s  
major  f l o o d ,  t h e  w a t e r  q u a l i t y  change was n o t  ve ry  c l e a r  d u r i n g  t h e  
same p e r i o d .  T h i s  a g a i n  p o i n t s  o u t  t h e  impor tance  of  t h e  f l o o d  w a t e r s  
t o  t h e  a v a i l a b i l i t y  of l a r g e  q u a n t i t i e s  of  good q u a l i t y  w a t e r  which 
d i l u t e d  t h e  groundwater  d u r i n g  t h e  next  s e v e r a l  months. 

From February  t o  March, t h e  c o n d u c t i v i t y  of  t h e  w e 1 1  w a t e r  
dropped a  s i g n i f i c a n t  100 mh.0~. T h i s  d rop  i s  t o o  l o w  t o  s u f f i c i e n t l y  
improve t h e  q u a l i t y  of w e l l  w a t e r  d i s t a n t  from t h e  channe l  due t o  
r e c h a r g e .  



The wells i n  t h e  two areas a r e  o f ten  between th r ee  and nine 
meters deep. There was some problems measuring t h e  water depth 
because o f ten  t h e  farmers had begun i r r i g a t i n g  before t h e  reading. 
Nevertheless, t h e  procedure used produced s ign i f i can t  information on 
t h e  increase  i n  t h e  height  of the  water table .  From November t o  
January t he  Houmbouli a rea  wells rose an average of 25 cm with a  
spread from 0-125 cm. T h i s  o f f e r s  fu r ther  evidence t h a t  t h e  water was 
enter ing t he  water t a b l e  from the  flooding channel. I f  one would 
t r a n s f e r  t h e  water d i r e c t l y  overland t o  t h e  gardens it could never 
have become s a l t y .  The water qua l i ty  i n  t h e  channel i s  between 100 
and 500 ppm s a l t  which i s  sa t i s f ac to ry  fo r  g rming  any plants .  I t  
should be pointed out t h a t  t h i s  water has ar r ived a t  Houmbouli a f t e r  
recharging t h e  c i t y ' s  aqu i fe r  a t  the  maximum ra t e .  Therefore, i f  t h i s  
good water i s  not used it w i l l  seep i n t o  t h e  s a l t y  banks and t h e  sea. 

I f  t h e  permeabili ty of the  aquifers  under t h e  gardens i s  
considered t o  be 2 5  percent  ( 2 5 % ) ,  then t h i s  r i s e  of 25 cm represents  
s i x  centimeters of water avai lable  t o  i r r i g a t e  a l l  of t h e  land along 
t h e  channel, but l e s s  than 10 percent (10%)  of t h i s  area i s  i n  
production. Therefore, t h i s  means t h a t  more than 60 cm (o r  6,000 
cubic meters/hectare)  would be ava i lab le  fo r  farming i f  t he  water were 
removed from t h e  channel before it seeped i n t o  i t s  s a l t y  banks. 

These a r e  only preliminary r e s u l t s  based on t h i s  five-month 
record of well  depth, s a l i n i t y  and temperature. The ac tua l  recovery 
of  water would depend on t h e  design of t h e  system t o  recover t h e  
channel water. A suggestion would be t o  trench t h e  channel from the  
highway i n  Houmbouli t o  well  pas t  the  a i rpor t .  A t rench f i v e  meters 
wide and ten  meters deep r e f i l l e d  with rocks and boulders t o  w i t h i n  
one meter of t h e  surface  and f inished with sand and gravel  would 
c r e a t e  a  good drainage f a c i l i t y .  The water could then be drawn by 
tubes t o  t h e  gardens by t he  farmers o r  a  l a rger  pumping and 
d i s t r i b u t i o n  system could be designed. The same can be done i n  Grande 
Douda from about 100 meters below the  D jibouti-Loyada road fo r  one o r  
two kilometers upstream. This same procedure can be applied t o  t h e  
Dey Dey wadi t o  supply water t o  Atar where t he  p ro jec t  i s  competinq 
with t h e  c i t y  f o r  water. These areas w i l l  always be important for 
f r e sh  a g r i c u l t u r a l  products because of t h e i r  proximity t o  t h e  cap i to l .  
They a l s o  represent  t h e  g rea tes t  ag r i cu l tu r a l  development i n  t he  
country. This remedy would be quick, l w - c o s t  and permanent (no t  even 
destroyed by f lood) .  I t  represents  a  p ro jec t  t h a t  can r e s u l t  i n  i m -  
mediate implementation and import. 



APPENDIX G-1 

P a r t i c l e  S i z e  A n a l y s i s  



DATE: F e b r u a r y  21, 1982 

TECHNICIAN: F a r  a h  Omar 

PARTICLE SIZE ANALYSIS 

Hydromete r  R e a d i n g  T e m p e r a t u r e  C o r r e c t i o n  C o r r e c t i o n  A p p l i e d  
0.5 0.2 0.1 0.05 0.02 0.005 0.002 0.001 

- - - - - - - - -  - -1- - a - -9a - -2JO-- i4G0---- 
S i e v e  S i z e :  -#TO- T68 -.3 

L a b  Dry 
No. W t .  

Hydro 
1 49 63 37 35 31 16 16 6 F e a d i n q  

63 2 4 1 5  0 10 6 % p a s s i n a  
% v e s t i n g  

H y d r o m e t e r  % Sand  = 100 - % i n  lmrn r e a d i n g  % S i l t  = l m m  r e a d i n g  
- 270mrn r e a d i n g  % Clay = 270mm r e a d i n g  



DATE: Februa ry  17 ,  1982 

TECHNICIAN: Fa r  ah @mar , 
Aboubaker Douale 

PARTICLE S I Z E  ANALYSIS 

Hydrometer Reading Tempera tu re  C o r r e c t i o n  C o r r e c t i o n  App l i ed  
0 . 5  0 . 2  0 . 1  0 .05  0.02 0 .005 0.002 0 .001  .01  

- - - - - -  7 - -  - -ga --270- - i4D0- - 
S i e v e  S i z e :  -#TO- $6n -.$ 

Lab Dry 
KO.  W t .  

Hydrometer 8 Sand = 100  - 8 i n  l m m  r e a d i n g  % S i l t  = l m m  r e a d i n g  
- 270mrn r e a d i n g  % C l a y  = 270mm r e a d i n g  



DATE: February 18, 1982 

TECHNICIAN: Farah Omar 

PARTICLE SIZE ANALYSIS 

Hydrometer Reading Temperature Correct ion Correc t ion  Applied 
0.5 0.2 0.1 0.05 0.02 0.005 0.002 0.001 .O1 

- - -  -r - - - - - - -1- - 
- -9b - -270- - Sieve Size: -#TO- $65 -.3 T4b0- 30- - 

L a b  Dry 
No. W t .  >. 5mm 

Hydrometer % Sand = 100 - % i n  l m m  reading 3 S i l t  = lrnm reading  
- 270mm reading % Clay = 270mm reading 



DATE: F e b r u a r y  20, 1982 

TECHNICIAN : Far ah @mar 

PARTICLE SIZE ANALYSIS 

Hydrometer Reading Tempera ture  C o r r e c t i o n  Correction Appl i ed  
0 . 5  0 .2  0 . 1  0 .05  0.02 0.005 0.002 0 .001  . 0 1  

- - - - - - - - - -  - - - - - - - -  
-9G 

- -2qO- - i45(?- - 
S i e v e  S i z e :  #TO- T65 .5 1 4 

Lab Dry 
N o .  W t .  

Hydrometer % Sand = 100 - % i n  lmrn r e a d i n g  % S i l t  = 
- 270mm r e a d i n g  % C l a y  = 270mm r e a d i n g  

lmrn  r e a d i n g  
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APPENDIX H 

THE RANDOM RESOURCE SAMPLE 

1 . 0  INTRODUCTION 

A se t  o f  1 , 0 0 0  s i tes ,  e a c h  o n e  s q u a r e  k i l o m e t e r ,  were t a k e n  a t  
random a c r o s s  t h e  c o u n t r y .  T h i s  s ample  r e p r e s e n t s  a p p r o x i m a t e l y  f i v e  
p e r c e n t  ( 5 % )  of t h e  l a n d  a r e a  of  D j i b o u t i .  I t  is  t h e  p u r p o s e  of  t h i s  
s ample  t o  e x p e d i t e  t h e  c o l l e c t i o n  a n d  a c c u r a t e  d e s c r i p t i o n  o f  t h e  
n a t u r a l  g e o g r a p h i c a l l y - d i s t r i b u t e d  r e s o u r c e s .  I t  i s  also i n t e n d e d  t o  
f a c i l i t a t e  t h e  c o l l e c t i o n  o f  d a t a  by v a r i o u s  s c i e n t i f i c  i n v e s t i g a t o r s  
w i t h  d i v e r s e  i n t e r e s t s .  

The  sample  s i tes  a r e  o r g a n i z e d  i n  o n e  l i s t  by t h e  o r d e r  o f  
o c c u r r e n c e  o f  t h e  numbers when t h e y  'were s e l e c t e d  ( S e c t i o n  2 . 4 ) .  T h i s  
i s  i m p o r t a n t  f o r  f u r t h e r  s u b d i v i d i n g  t h e  s u r v e y  f o r  a n a l y s e s .  A 
s e c o n d  a r r angemen t  is  b a s e d  on t h e i r  a r r angemen t  by UTM c o o r d i n a t e s  t o  
f a c i l i t a t e  l o c a t i n g  t h e  s i t e s  on t h e  map ( S e c t i o n  3 . 0 ) .  I t  is  f u r t h e r  
d i v i d e d  i n t o  g r o u p s  r e l a t e d  t o  t h e  1:100,000 s c a l e  t o p o g r a p h i c  map. 
The number ' u n i v e r s e '  f o r  t h e  same l ists  a l l  o f  t h e  UTM c o o r d i n a t e s ,  
w h e r e i n  t h e  d e s i g n a t e d  s i t e  n o r t h  and  e a s t  o f  t h e  c o o r d i n a t e  
i n t e r s e c t s ,  l i e s  who l ly  w i t h i n  D j i b o u t i  a n d  on l a n d .  The l i s t  i s  
o r g a n i z e d  from w e s t  t o  e a s t  f o l l o w e d  by o r d i n a t i o n  by s o u t h  t o  n o r t h .  
The f i r s t  1 0 0  samples  were s e t  a s i d e  s p e c i f i c a l l y  as a 1 / 2 %  c o v e r a g e  
o f  the  c o u n t r y  f o r  e s p e c i a l l y  r a p i d  a s s e s s m e n t  o f  t h e  r e s o u r c e s .  
P h o t o s  H-1 t h r o u g h  H-4 i n d i c a t e  t h e  t y p e s  o f  s i tes sampled.  

S e c t i o n  4.0 o f  t h i s  a p p e n d i x  c o n t a i n s  t h e  d e s c r i p t i o n s  o f  t h e  
so i l s  o f  t h e  random sample  s i t e s .  I t  is t h e  i n t e n t  o f  t h i s  p r o j e c t  t o  
e n c o u r a g e  o t h e r  i n v e s t i g a t i o n s  t o  u s e  t h i s  s ampl ing  d e v i c e  t o  
f a c i l i t a t e  t h e  compounding o f  d e t a i l e d  i n f o r m a t i o n  b a s e d  on t h e  same 
sampled  areas so t h a t  t h e y  may draw e x t e n s i v e l y  on e a c h  o t h e r ' s  
e x p e r t i s e  i n  a s p e c i f i c  manner. A 1: 100 ,000  s c a l e  map o f  t h e  
d i s t r i b u t i o n  of  t h e s e  1 , 0 0 0  s i t e s  c a n  be viewed a t  t h e  s o i l s  and  w a t e r  
laboratory. 



1'11 o t o  Smal l  P l a y a  o f  Grand 
1 1 - 1  : Bara  s o i l  n o r t h w e s t  

of  T a d j o u r a  

P h o t o  Walking on Wanni 
H-2: Daear s o i l  f a c i n g  

Oueah a t  a  s i t e  i n  
Gayade 

Pho to  T h i s  i s  a  wadi  c h a n n e l  
H-3: w i t h  a  w a t e r i n g  s i t e  

w i t h  Did j a n  D e r  s o i l  
j u s t  b e h i n d  t h e  g o a t s .  
Oueah s o i l  i s  i n  t h e  
moun ta ins .  

Pho to  T h e s e  two p e o p l e  a r e  
H-4: h e r d i n g  donkeys  o n  t h e  

i n u n d a t e d  R i f f o r  Damoun 
s o i l  i n  one  o f  t h e  g r e a t  
p l a y a s  o f  t h e  n o r t h .  
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2 . 0  L I S T  OF RANDOM NUMBERS BY ORDER OF SELECTION 





















3.0 RANDOM SAMPLE LIST OF NUMBERS BY UTM COORDINATES 

EALI SABIEH - 



EALI SABIEH 



EASAL 



EASAL 



GAMMARI 



DOUMERA 



ABE BAD -- 



DADDAETO 





D I K H I L  



KHOR ANGAR - 



TADJOURA 



DJIBOUTI 



LOYADA 



DORRA 



AADA 

S i t e  N o .  1 0 0  

L o c a t i o n :  247.8 E 
1245.2N 

0-15 cm: A h o r i z o n ;  brown 1 0 ~ ~ / 5 / 3  ( d r y )  t e x t u r e  s a n d ;  brown 
7 . 5 ~ ~ / 4 / 4  ( w e t )  s t r u c t u r e :  loose m i l d l y  e f f e r v e s c e n t ;  
pH 7.5-8, a b r u p t  bounda ry ,  s o r t e d  a n d  s t r a t i f i e d  
a e o l i a n  dune  l a y e r s  o f  1-3 mm. D i f f e r e n t  p e r c e n t  
m a t e r i a l  f rom u n d e r l y i n g  so i l .  

15-40+ c m :  B b  h o r i z o n ;  d a r k  brown 7 . 5 / ~ ~ 3 / 4  ( d r y )  s i l t  loam; d a r k  
brawn 7 . 5 ~ ~ / 3 / 4  m o d e r a t e  l a r g e  b r e a k i n g  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  15% f i n e  g r a v e l s .  S i l t y  
loam; 1 0 ~ ~ / 4 / 4  ( w e t  ) v e r y  f r i a b l e ,  s t r o n g  
e f f e r v e s c e n t ;  few f i n e  p o r e s .  

Comment: s andy  d u n e s  o f  1-4 m p r o f i l e  be tween  dunes  s h r u b s  a n d  
g r a s s  5-10% v e g e t a t i o n  c o v e r  o f  30-50 c m  h i g h ;  
0 . 5 8  s l o p e  ( s m o o t h )  l o c a t i o n  on t h e  r i m  o f  t h e  
b a s i n  o f  Grand B a r a  (1 t o  2  kms w i d e )  a t  a b o u t  25 
m o f  t h e  E a s t  and  75  m SE c o r n e r  o f  t h e  Garden.  

C l a s s i f i c a t i o n :  c o a r s e  loamy, mixed,  h y p e r t h e r m i c  t y p i c  Cambor th id  



ADOYLA 

S i t e  No. 11 

Loca t ion :  247.5 E 
1319.8  N 

0-10 cm:  A h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k .  g r a y i s h  brown ( d r y ) ,  lOYR/3/2 
ve ry  dark  g r a y i s h  brawn ( m o i s t ) ;  sandy loam; weak 
medium t o  f i n e  s u b a n g u l a r  b locky s t r u c t u r e ;  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  few 
f i n e  woody r o o t s ;  c l e a r  and wavy boundary; 

10-50+ cm: C h o r i z o n ;  1 0 ~ ~ / 4 / 2  da rk  g r a y i s h  brawn ( d r y ) ,  
l 0 ~ ~ / 2 / 1  b l a c k  ( m o i s t ) ;  g r a v e l l y  sandy loam; 
Weakly s t r a t i f i e d ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  common woody r o o t s ;  

S u r f a c e :  20% c o b b l e s  and 75% f i n e  g r a v e l  

I n c l u s i o n s :  DIWAN DER 

P o s i t i o n :  T e r r a c e  ( i n  a l l u v i u m )  

P a r e n t  M a t e r i a l :  mixed a l l u v i u m  

V e g e t a t i o n :  25% c o v e r  ( a c a c i a  t o r t i l i s  2-3 m ,  b u s h )  

Eros ion :  o c c a s i o n a l  f l o o d i n g  
0 

Temperature:  27.9 C 

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i f l u v e n t  



AFEASIN GAFAN 

S i t e  No. 44 

L o c a t i o n :  1 9 3 . 1  E 
1268.2N 

S lope :  S l o p e  a b o u t  100% 

I n c l u s i o n s :  20% rock  o u t c r o p  

V e g e t a t i o n :  1% v e g e t a t i o n  c o v e r  ( w a n a i t ,  d r a i f ,  magal x i d )  

Comment: T a l u s  s l o p e  a b o u t  75% f u l l  o f  s a n d  and g r a v e l  i n  t h e  
i n t e r s t i c e s  

Dominately b o u l d e r s  and\ s t o n e s  



AFMEEAYTOU 

S i t e  N o .  4 8  

A . D .  / J . G . / F . o .  

L o c a t i o n :  174 .6  E 
1260.7N 

0-20 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  ( b r o w n )  d r y ,  1 0 ~ ~ / 3 / 3  ( d a r k  b rown)  
m o i s t ;  g r a v e l l y  s a n d ;  35% 3-20 cn? s t o n e s ;  
s t r u c t u r e :  none ;  loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  
commn f i n e  f i b r o u s  roots;  s t r o n g l y  e f f e r v e s c e n t ;  
c l ea r  a n d  wavy b o u n d a r y ;  

20-35 c m :  Bca h o r i z o n ;  1 0 ~ ~ / 4 / 6  ( s t r o n g  brown)  d r y ,  7 . 5 ~ ~ / 4 / 6  
( s t r o n g  brown)  m o i s t ;  g r a v e l l y  s a n d ;  s t r u c t u r e :  
none ;  loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n q  
e f f e r v e s c e n t ;  CaC03 o n  a l l  p a r t s  o f  t h e  g r a v e l ;  
commn f i n e  f i b r o u s  roots;  i r r e g u l a r  and  d i f f u s e d  
bounda ry  ; 

35-60 c m :  C h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  ( d a r k  brown)  d r y ,  5 ~ ~ / 3 / 3  ( d a r k  
r e d d i s h  b rown)  m o i s t ;  G r a v e l y  s a n d ;  30% f i n e  
g r a v e l ;  s t r u c t u r e :  none ;  l o o s e ,  v e r y  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  

S l o p e :  S l o p e s  f rom 15-25% 

P a r e n t  Material: 10-15% l a v a  o u t c r o p  

V e g e t a t i o n :  2% v e g e t a t i o n  c o v e r  ( d i f f e r e n t  s p e c i e s  o f  g r a s s )  

Comment : 80% s o i l  c o v e r e d  w i t h  s t o n e s  a n d  b o u l d e r s  o f  1- 
1.5m h i g h  

O n  a l l u v i a l  s l o p e  

C l a s s i f i c a t i o n :  s a n d y  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



APNABA DABA 

S i t e  No. 8 2  

Loca t ion :  289.7 E 
1391.0 N 

0-10 cm: C h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  da rk  brcwn 
( m o i s t ) ;  g r a v e l l y  sandy loam; s t r u c t u r e :  none; 
l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t .  

S u r f a c e :  10% c o b b l e s  and 90% g r a v e l  

I n c l u s i o n s :  50% rock o u t c r o p  

S lope :  18 % 

S i m i l a r  S o i l :  Damerkaddae 

P o s i t i o n :  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  metamorphised r h y o l i t e  

V e g e t a t i o n :  b a r r e n  

C l a s s i f i c a t i o n :  loamy s k e l e t e l  ( s h a l l o w )  mixed hyper the rmic  
Typ ic  T o r r i o r t h e n t .  



ALAYSIM 

S i t b e  No. 12 

Locat ion:  223.7 E 
1.361.N 

Land Type: Lava f low 

S lope :  Bar ren  - Slope:  0 t o  10% 

P a r e n t  M a t e r i a l :  Volcan ic  'bounder bombs 50 t o  150 c m  on l a v a  
f l aw 

C o m m  n t  : On e x t e n s i v e  l a n d  t y p e ;  

The b o u l d e r s  a r e  s t a c k e d  deep and t h e r e  i s  l i t t l e  
l o e s s  between. 



AL KIBO 

S i t e  N o .  4 9  

L o c a t i o n :  219.7E 
1320 .7  N 

E l e v a t i o n :  450 m 

0-25 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brawn'  ( d r y ) ,  1 0 ~ ~ / 4 / 3  brawn 
( m o i s t ) :  v e r y  s t o n y  c l a y  loam; 40% s t o n e s  and  cobbles, 
15% g r a v e l :  s t r u c t u r e . l e s s :  loose, f r i a b l e  s t i c k y :  
s t r o n g l y  e f f e r v e s c e n t :  t h i c k  CaC03 c o a t i n g s  on  
r o c k s  a n d  f i n e  d i s s e m i n a t e d  CaC03: c l e a r  i r r e g u l a r  
bounda ry  ; 

25=35 c m :  I A h o r i z o n :  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  
brawn ( m o i s t )  ; s a n d y  loam; s t r u c t u r e l e s s ;  loose, 
f r i a b l e ,  s l i g h t l y  s t i c k y :  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  wavy boundary :  

35-80+ c m :  I1 Cca h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ;  
1 0 ~ ~ / 4 / 4  d a r k  y e l l a w i s h  brawn ( m o i s t ) ;  loam; no  
s t r u c t u r e ;  f i r m  f r i a b l e ,  s l i g h t l y  s t i c k y :  5% 
i n c r u s t e d  1-5  mm CaC03, a n d  s o f t  powdery 
d i s s e m i n a t e d  CaC03; s t r o n g l y  e f f e r v e s c e n t .  

S u r f  ace :  60% s t o n e s  and  b o u l d e r s ,  45% g r a v e l  and  c o b b l e s  

I n c l u s i o n s :  10% r o c k  o u t c r o p s ,  40% l i t h i c  v a r i a n t  

S l o p e :  1-3% 

Position: plateau 

P a r e n t  M a t e r i a l :  i g n e o u s  l a v a  r o c k s  a n d  e o l i a n  b u r i e d  s o i l  

E ros ion :  m o d e r a t e  w a t e r  e r o s i o n  
0 

Tempera tu re :  35.6  C 

C l a s s i f i c a t i o n :  c o a r s e  loamy, mixed, h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



ALI KOMA 

S i t e  No. 2 7  

A.D. /J.G. 

Loca t ion :  2 2 2 . 9  E 
1308.6 N 

0-15 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  dark  
y e l l o w i s h  brown ( m o i s t ) :  c l a y ;  s t r o n g  medium 
a n g u l a r  and s u b a n g u l a r  b locky  s t r u c t u r e ;  ve ry  f i r m ,  
f r i a b l e ,  s t i c k y ;  common f i n e  woody r o o t s ;  s t r o n g l y  
e f f e r v e s c e n t ,  c l e a r  wavy boundary, 

15-1b0+ cm: B h o r i z o n ;  1 0 ~ ~ / 3 / 3  d a r k  brown ( d r y  and m o i s t ) ;  
c l a y ;  s t r o n g  c o a r s e  t o  medium a n g u l a r  and 
s u b a n g u l a r  b locky  s t r u c t u r e ;  v e r y  h a r d ,  f r i a b l e  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  few f i n e  r o o t s ;  1% 1-5 mm 
h a r d  p i t t e d  CaC03 c o n c r e t i o n s  i n  upper  40 cms. 

S u r f  ace: 1% s t o n e s ,  1-3% c r a c k s  t o  10 mm wide f i l l e d  i n  
( n o t  v e r t i c )  

I n c l u s i o n s :  Sandy waterways 

S lope :  1% 

P o s i t i o n :  P laya  on l a v a  

P a r e n t  M a t e r i a l :  Alluvium 

Vege ta t ion :  Kulan 1-3 meters. 5% few a c a c i a  on waterways 

Eros ion:  none - f l o o d s  1-3 t i m e s  1 y e a r  
0 

Temperature:  28.5 C 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  Typ ic  Camborthid 



ANDAD HADDA 

S i t e  No. 31  

Locat ion:  206.8 E 
1275.1  N 

0-30 c m :  A hor izon ;  5 ~ ~ / 3 / 3  da rk  r e d d i s h  brown ( m o i s t ) ;  s i l t  loam; 
weak medium t o  f i n e  a n g u l a r  b locky s t r u c t u r e ;  l o o s e ,  
very  f r i a b l e ,  n o n s t i c k y ;  t r a c e  o f  NaC1; g r a d u a l  
and d i f f u s e d  boundary; 

30-100 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( m o i s t ) ;  c l a y  loam; weak 
medium t o  f i n e  subangu la r  b locky  s t r u c t u r e ;  l o o s e , .  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  1-23 c r i s t a l s  of  gypsum 

S u r f  ace:  Bare, f l a t ,  c r u s t y  on t h e  s u r f a c e  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed, hyper the rmic ,  Typ ic  
Camborthid, 

Comment: Near Sueda f r u t i c o s a  and " p a l m i e r  doum" 



ARDIKOBA 

S i t e  N o .  88 

L o c a t i o n :  191 .9  E 
1284.8 N 

Land  t y p e :  T a l u s  

I n c l u s i o n s :  Rock o u t c r o p  a b o u t  70% 

S l o p e :  T a l u s  s l o p e  a b o u t  30% 

V e g e t a t i o n :  Rare acacia 



S i t e  N o .  7 1  

L o c a t i o n :  272.4 E 
1256.3 N 

0-5 cm: A h o r i z o n ;  1 0 ~ ~ / 4 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
b r m n  ( m o i s t ) ;  g r a v e l l y  s a n d ;  weak medium t o  f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  20 t o  25% 2  t o  20 mm g r a v e l ;  few 
f i n e  f i b r o u s  r o o t s ;  CaC03 c o a t i n g s  o n  s t o n e s ;  c l e a r  and  
i r r e g u l a r  bounda ry ;  

5-30 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brawn ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  brown 
(mois t ) ;  v e r y  g r a v e l l y  loam; s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i c k  
CaC03 c o a t i ' n g s  o n  rock  f r a g m e n t s ;  60% s t o n e s ,  c o b b l e s  
a n d  g r a v e l ;  common medium woody r o o t s ;  a b r u p t  i r r e g u l a r  
b o u n d a r y ,  

30+ c m :  U n f r a c t u r e d  r o c k ,  

S u r f a c e :  90% g r a v e l  and  s t o n e s  

I n c l u s i o n s :  5  t o  10% o u t c r o i p  -- 10-20% t h i c k e r  s o i l  a t  f o o t  
s l o p e s  -- 10% wadi  c h a n n e l s  

S l o p e :  13% (10-20%)  

P o s i t i o n :  s i d e  s l o p e  

P a r e n t  Material: r h y o l i t e  c o l l u v i u m  o n  r h y o l i t e  m o u n t a i n  

V e g e t a t i o n :  5% g r a s s  3  t o  6  c m ,  5% h e r b s  10  t o  30 c m  a n d  2  t o  3% 
1 m a c a c i a  

E r o s i o n :  S e v e r e  w a t e r  
0 

Tempera tu re :  26 .6  C 

C l a s s i f i c a t i o n :  loamy s k e l i t a l  Mixed H y p e r t h e r m i c  L i t h i c  Cambor th id  



ART A 

S i t e  No. 5 7  

L o c a t i o n :  267.1 E 
1274 .9  N 

0-15 cm:  A l l  h o r i z o n ;  d a r k  y e l l w i s h  brown 7 . 5 ~ ~ 1 3 1 4  (Moist):  
c l a y  loam ( v e r y  g r a v e l l y ) ,  v e r y  f i n e  and  weak s r a n u l a r  
s t r u c t u r e ;  s o f t  and  f r i a b l e .  pH=7.3 (pH rceter); 
s t r o n g l y  e f f e r v e s c e n t  many f i n e  roots; t h i n  f i l m  o f  
CaC03 o n  t h e  rock  f r a g m e n t s ,  it i s  c o v e r e d  w i t h  75% o f  
c o b b l e s ,  s t o n e s  and b o u l d e r s  of  10 t o  75  c m ;  c l e a r  and 
smooth boundary .  

15-40 c m :  A12 h o r i z o n ;  d a r k  y e l l o w i s h  brown 7 . 5 ~ ~ 1 3 1 4  (t4ois.t); v e r y  
g r a v e l l y  s i l t  loam; weak medium s u b a n g u l a r  b l o c k y  
b r e a k i n g  t o  weak f i n e  g r a n u l a r  s t r u c t u r e ;  pH=7.3 (pH 
meter) ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  r o o t s ;  60% 
c o a r s e  g r a v e l s ;  s o f t  f r i a b l e  s o f t  f i n e  d i s s i m u l a t e d  
powdery CaC03 ; g r a d u a l  a n d  wavy boundary .  

40-70 c m :  ACca h o r i z o n ;  y e l l o w i s h  brown 7 . 5 ~ ~ / 5 / 4  v e r y  g r a v e l l y  c l a y  
loam t e x t u r e ;  weak f i n e  g r a n u l a r  s t r u c t u r e :  60% 
g r a v e l s ;  pH=7.1; s t r o n g l y  e f f e r v e s c e n t ;  q r a d u a l ,  
d i f f u s e d  and i r r e g u l a r  bouna ry ;  

70-200+ c m :  C h o r i z o n ;  d a r k  y e l l o w i s h  brown 7 . 5 ~ ~ / 3 / 4 ;  v o l c a n i c  
l a v a  f r a c t u r e s ;  c o a r s e  g r a v e l s ;  many f i l m s  o f  
CaC03 on  t h e  g r a v e l s ;  m i l d l y  e f f e r v e s c e n t .  

I n c l u s i o n s :  These  so i l s  o c c u r  on  s l o p e s  o f  25-503 which 
r e p r e s e n t  a b o u t  35% o f  t h e  a r e a .  10% o f  t h e  a r e a  
a r e  o c c u p i e d  by t h e  t o p s  o f  t h e  moun ta ins  w i t h  
t h i n  so i l s ,  10% w i t h  r o c k  o u t c r o p ,  20% w i t h  s l o p e  
s h o u l d e r s ,  20% w i t h  s t e e p  v a l l e y  s l o p e s .  
w i t h  t h i n  s o i l s ,  10% w i t h  v e g e t a t i o n  c o v e r  ( s o g s o a  
dominant ,  guud r a r e ,  k u l a n  1% d h i d i n . .  . )  

P a r e n t  M a t e r i a l :  s t e e p  moun ta ins ,  5 0  t o  70% c o v e r  o f  l a r g e  
v o l c a n i c  bombs. 

Comment : L o c a t i o n :  5  t o  7  m f rom t h e  r o a d  t o  A r t a  o n  t h e  
w e s t  s i d e  and  a t  3 km f rom t h e  j u n c t i o n  o f  t h e  
r o a d s  t o  A r t a  a n d  Queah.  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hype r the rmic  A r i d i c  T y p i c  
T o r r i o r t h e n t  



ATAR 

S i t e  N o .  18 

L o c a t i o n :  301.6  E  
1274 .3  N 

0 . 1 0  c m :  A h o r i z o n ;  brown 7 . 5 ~ ~ 1 5 1 4  ( d r y ) ,  d a r k  brawn 7 . 5 ~ ~ 1 3 1 4  
( w e t )  ; s a n d  loam; s t r u c t u r e :  loose; c o n s i s t e n c e :  loose 
( d r y ) ;  pH=7.5-8; w ind  d e p o s i t e d  s a n d ,  n o  r e l a t i o n s h i p  
w i t h  t h e  s u b - s o i l ;  a b r u p t  c o n t a c t .  

10-110 c m :  B h o r i z o n ;  s t r o n g  brown 7 . 5 ~ ~ 1 4 1 6  ( d r y ) ,  a n d  d a r k  b r m n  
7 . 5 ~ ~ 1 3 1 4  ( w e t )  ; s i l t  loam; m o d e r a t e  l a r g e  a n g u l a r  
b l o c k y  b r e a k i n g  t o  m o d e r a t e  medium a n d  f i n e  a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m  ( d r y )  a n d  f r i a b l e  ( m o i s t ) ;  50% 
o f  5-25 mm 1 0 ~ ~ / 8 / 1  c a r b o n a t e s ;  many p r e s s u r e  f a c e s  
( s a n d  o n  f a c e s  o f  l a r g e  f i n e  v e r t i c a l  c r a c k s ;  few f i n e  
a n d  medium roots; pH=8.5; g r a d u a l  a n d  smooth bounda ry .  

110-1 30+ c m :  s t r o n g  brown 7 . 5 ~ ~ 1 4 1 6  ( d r y ) ,  d a r k  brown 7 . 5 ~ ~ 1 3 1 4  
( w e t )  ; s i l t  loam t e x t u r e ;  weak medium s u b a n g u l a r  
b l o c k  s t r u c t u r e ;  5% 5  t o  1 0  mm o f  CaC03; pH 8 . 5 .  

I n c l u s i o n s :  few 20 c m  s a n d  d u n e s  

S l o p e :  f l a t  area; n e a r  t h e  sea; 

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  (90% acacia a n d  10% k u l a n )  

Comment: 1 km NE o f  Damerjog a t  t h e  j u n c t i o n  o f  t h e  r o a d s  
t o  Loyada and  i r r i g a t i o n  water l i n e  t o  A t a r .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e m i c  T y p i c  C a l c i o r t h i d .  



AWD I EA 

S i t e  N o .  56 

L o c a t i o n :  308.7 E 
1372.1  N 

0-50 c m :  Cca h o r i z o n ;  . 1 0 ~ ~ / 6 / 2  l i g h t  b rowni sh  g r a y  ( d r y ) ,  
1 0 ~ ~ / 5 / 2  g r a y i s h  brown ( m o i s t ) ;  g r a v e l l y  sandy  
loam; weak medium t o  f i n e  s u b a n g u l a r  b l o c k y ;  
f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  modera te  CaC03 c o a t i n g  on  the  
g r a v e l  and  15% f i n e  d i s e m i n a t e d  o f  CaC03 and  
s e c o n d a r y  p i t t e d  and  i n d u r a t e d  CaC03. 

S u r f a c e :  60% b a s a l t i c  c o b b l e s  and b o u l d e r s  and  90% g r a v e l  

I n c l u s i o n s :  20% rock  o u t c r o p ,  20% t a l u s  s l o p e  ( t h i n n e r  s o i l )  = 
l i t h i c  v a r i a n t .  

S lope :  16% 

V e g e t a t i o n :  2% h e r b s  

E r o s i o n :  g u l l y  e r o s i o n  
0 

Tempera ture :  31.5 C 

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



BALAMBAL 

S i t e  N o .  19 

A . D . / K / G /  F.O.  

L o c a t i o n :  251  E 
1260 N 

15-0 c m :  v o l c a n i c  bombs o f  5  t o  30 cm c o v e r i n g  75% o f  t h e  a r e a ,  

0-2 cm: A h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ;  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( w e t ) ;  s t o n y  c l a y  loam; modera te ,  medium 
and f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f r i a b l e  ( d r y  and 
m o i s t ) ;  commn p o r e s  (1-2 m m ) ;  t h i n  d i s c o n t i n o u s  CAC03 
l a y e r  on  r o c k s  below t h e  s o i l  s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ,  f i n e  d i s s e m i n a t e d  CaC03; pH 7.5:  a b r u p t  
boundary ; 

2-35 c m :  B h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ,  5 ~ ~ 1 3 1 4  d a r k  r e d d i s h  
brown ( w e t )  ; s t o n y  c l a y  loam: f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
s t r o n g  medium and l a r g e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
s t r o n g l y  e f f e r v e s c e n t ,  f i n e l y  d i s s e m i n a t e d  CaC03; pH 
7 . 5 ;  few c o a r s e  woody trees r o o t s ;  c l e a r  and  wavy 
boundary ;  

35-45+ c m :  Cca h o r i z o n ;  many c o n t i n u o u s  w h i t e  CaC03 c o a t i n g s  on 
g r a v e l  uncemented; l o o s e .  

S lope :  s l o p e  of 2  t o  3% 

P o s i t i o n :  on a p l a t e a u ,  f l a t  t o p  

V e g e t a t i o n :  2 t o  3% c o v e r ;  " b i l c i n " ,  " i b a t e y s "  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r n i c  T y p i c  C a l c i o r t h i d  



BOULLAEALI 

S i t e  N o .  42 

L o c a t i o n :  237.7 E 
1324 .4  N 

0-7 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  b r m n  ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t )  ; g r a v e l l y  loam; a b o u t  25% 
g r a v e l ;  m o d e r a t e  medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
s l i g h t l y  f i r m ,  v e r y  f r i a b l e ,  n o n s t i c k y ;  many 1 mm 
p o r e s ;  few f i n e  f i b r o u s  r o o t s ;  i n d u r a t e d  CaC03 c o a t i n g  
on p e b b l e s ;  s t r o n g l y  e f f e r v e s c e n t ;  c lear  i r r e g u l a r  
boundary  ; 

7-40 cm: Bca h o r i z o n ;  1 0 ~ ~ / 4 / 3  d a r k . b r o w n  ( d r y ) ,  10YR/3/3 d a r k  brown 
( m o i s t )  ; g r a v e l l y  loam; m o d e r a t e  medium a n d  f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s l i g h t l y  f i r m ,  v e r y  
f r i a b l e ,  n o n s t i c k y ;  30% p i t t e d  and  i n d u r a t e d  1 t o  5  mrn 
CaC03 c o n c r e t i o n s  and  f i n e  d i s s e m i n a t e d  s o f t  powdery 
CaC03; few f i n e  f i b r o u s  r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  wavy, 

40-50 cm:  C c a  h o r i z o n ;  1 0 ~ ~ / 6 / 2  l i g h t  b rowni sh  g r a y  ( d r y ) ,  1 0 ~ ~ / 4 / 3  
d a r k  brown ( m o i s t ) ;  loam; weak medium s u b a n g u l a r  
b l o c k y ;  20% 1 t o  5  mm p i t t e d  i n d u r a t e d  s e c o n d a r y  CaC03 
a n d  s o f t  powdery d i s s e m i n a t e d  CaC03; 20% c o b b l e s  and  
g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  95% c o b b l e s  and  s t o n e s  

I n c l u s i o n s :  10% l o w  s l o p i n g  wa te rways  w i t h  15% v e g e t a t i o n  
(acacias ) 

Slope :  2% ( l o n g  f l a t )  

P o s i t i o n :  P l a t e a u  

P a r e n t  Material: l o e s s  a n d  water d e p o s i t s .  

V e g e t a t i o n :  less t h a n  1% b u s h e s  

E r o s  i on :  s h e e t  e r o s i o n  a n d  wind e r o s i o n  
0 

Tempera tu re :  26.7 C  

C l a s s i f i c a t i o n :  coarse loamy mixed h y p e r t h e r m i c  A r i d i c  C a l c i u s t o l l  



CHINILE 

S i t e  No. 47  

L o c a t i o n :  273.6 E 
1265.8 N 

0-9 cm:  A 11 h o r i z o n ;  7 . 5 ~ ~ / 3 / 3  ( v e r y  dark  brcwn) day ,  7 . 5 ~ ~ / 3 / 2  
( v e r y  da rk  brown) m o i s t ;  g r a v e l l y  loam; modera te  f i n e  
g r a n u l a r  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  many f i n e  
f i b r o u s  r o o t s ;  m i l d l y  e f f e r v e s c e n t :  c l e a r  i r r e g u l a r  
boundary : 

9-50 c m :  Al2ca h o r i z o n ;  1 0 ~ ~ / 4 / 3  ( d a r k  brown) d r y ;  1 0 ~ ~ / 3 / 3  m o i s t ;  
ve ry  g r a v e l l y  loam (80% g r a v e l ) ;  weak f i n e  g r a n u l a r ;  
s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  woody r o o t s ;  f i n e  
d i s s e m i n a t e d  and  t h i c k  c o a t i n g  of 1-2 mm CaC03 ( 1 0 % )  i n  
a l l  p a r t s  of t h e  s t o n e ,  c o b b l e s  and g r a v e l s ;  g r a d u a l  
i r r e g u l a r  boundary;  

50-75+ cm: B c a  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  (brown) d r y  and m o i s t  g r a v e l l y  sandy 
c l a y  loam; a b o u t  85% g r a v e l ,  s t o n e s  and c o b b l e s ;  weak 
f i n e  g r a n u l a r ;  s t r o n g l y  e f f e r v e s c e n t ;  25% CaC03 t h i c k  
c o a t i n g  o f  1-4 mm CaC03 on a l l  rock f r agment  s u r f a c e s ;  

I n c l u s i o n s :  20% rock o u t c r o p  

S lope :  ve ry  s t e e p  s l o p e  

V e g e t a t i o n :  l i t h i c  v a r i a n t  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper the rmic  A r i d i c  C a l c i u s t o l l .  

previous Page Blank 



DABA EABDALLE 

S i t e  No. 87 

L o c a t i o n :  220.3 E 
1220 .6  N 

0-14 c m :  A l l  h o r i z o n :  5 ~ ~ / 4 / 3  ( r e d d i s h  brown) d r y ,  5 ~ ~ / 3 / 3  ( d a r k  
r e d d i s h  brown) m o i s t ;  s i l t  loam: m o d e r a t e  medium t o  
f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e  n o n s t i c k y :  
many f i n e  f u n g u s  t r a c e s :  many f i n e  p o r e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  and i r r e g u l a r  boundary ;  

14-34 c m :  A12 h o r i z o n ;  5 ~ ~ / 3 / 3  ( d a r k  r e d d i s h  brown) d r y  and  m o i s t ;  
s i l t  loam; m o d e r a t e  c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m  f r i a b l e ,  n o n s t i c k y ;  many f i n e  f u n g u s  
t r a c e s ;  many f i n e  f i b r o u s  r o o t s ;  s t r o n q l y  e f f e r v e s c e n t :  
c l e a r  and  i r r e g u l a r  boundary:  

34-40 c m :  B h o r i z o n :  5 ~ ~ / 3 / 4  ( d a r k  r e d d i s h  brown) moist; s i l t y  c l a y  
loam; m o d e r a t e  c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m ,  f r i a b l e  s l i g h t l y  s t i c k y :  s t r o n q l y  
e f f e r v e s c e n t ;  common f i n e  f i b r o u s  r o o t s ;  c l e a r  and  
i r r e g u l a r  boundary ;  

40-62 c m :  Cca h o r i z o n ;  5 ~ ~ / 4 / 6  ( y e l l o w i s h  r e d )  d r y ,  5 ~ ~ / 3 / 4  ( d a r k  
r e d d i s h  brown) mist :  g r a v e l l y  s i l t  c l a y  loam: 
s t r u c t u r e :  none ;  loose, f r i a b l e ,  s l i g h t l y  s t i c k y :  
s t r o n g l y  e f f e r v e s c e n t :  35% g r a v e l ,  t h i n  CaC03 c o a t i n g  
o n  a l l  f a c e s  o f  t h e  g r a v e l ;  a b r u p t  and  smooth bounda ry ;  

62-70+ c m :  R h o r i z o n :  s o l i d  l a v a ,  b a s a l t i c  r o c k .  

S u r f a c e :  On t h e  s u r f a c e  90% c o b b l e s  and b o u l d e r s  o f  v o l c a n i c  
bombs. 

P a r e n t  M a t e r i a l :  Lava f l o w  p l a t e a u  w i t h  1-8% l o n g  s l o p e s  loess 
c o v e r e d ,  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r  o f  15% ( b i l c i n ,  Aousdameir ,  k u l a n  
1 t o  1 . 5  m h i g h  and  d a c a r )  

Tempera tu re :  Modera t e ly  cool 

Comment : E x t e n s i v e  s o i l  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  A r i d i c  C a l c i u s t o l l  



A.D. /J.G./F.o. 

DABAGALALEY 

S i t e  N o .  9 3  

L o c a t i o n :  301.2 E 
1276 .7  N 

0-2 c m :  En h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown; loamy sand ;  cemented  on  t h e  
t o p ;  s t r u c t u r e l e s s  loose, locse and  n o n s t i c k y ;  m i l d l y  
e f f e r v e s c e n t  ( s e a  s h e l l s ) ;  when it i s  d r y ,  c r u s t  on t h e  
s u r f a c e ;  5% f r a c t u r e d  b roken  s e a  s h e l l s ;  a b r u p t  and  
s m o t h  bounda ry ;  

2-40 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( w e t )  ; 
s a n d y  c l a y  loam; weak t o  modera te ,  medium s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f r i a b l e ,  s t i c k y ;  m i l d l y  e f f e r v e s c e n t  
( 5 %  s h e l l s ) ;  few common f i n e  r o o t s :  s o f t  powdery s a l t  
o n  p e d f a c e s ,  some sa l t  c e m e n t a t i o n  i n  some f i n e  s o i l  
c r y s t a l s ;  a b r u p t  a n d  wavy boundary ;  

40-60+ c m :  Mixed g r a v e l ,  s a n d  and  s i l t ;  a l t e r n a t e  l a y e r s  o f  s a n d  o r  
s i l t  o r  g r a v e l  ( s u b m a r i n e  g r a v e l s  ) 

V e g e t a t i o n :  Land b a r r e n  o f  v e g e t a t i o n .  

Comment: N e a r l y  l e v e l  w i t h  s l i g h t  u n d u l a t i o n s .  S l i g h t l y  above  
h i g h  t i d e  a b o u t  5 meters; s a l t  w a t e r  t a b l e  f l u c t u a t e s  
w i t h  the  t i d e  f rom 5 t o  2  m e t e r s  b e l o w  s u r f a c e .  T h i s  
s o i l  i s  l o c a t e d  n e a r  t h e  sea. 

L o c a t i o n :  500 m S.E. o f  m i l i t a r y  p o s t .  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c  A e r i c  H a l a q u e p t .  



DAGAH DERE 

A.D. / J . G . / F . o .  

S i t e  N o .  95  

Locat ion:  267.1 E 
1240.1 N 

-2 t o  0: F i n e  g r a v e l l y  d e s e r t  payment. 

0-15 cm: A hor i zon ;  1 0 ~ ~ / 5 / 4  (ye l l owi sh  brawn) d ry ;  1 0 ~ R 4 / 3  (brown) 
m o i s t ;  common f i n e  f i b r o u s  roots; f i n e  weak g r a n u l a r  
s t r u c t u r e ;  0-1.5 cm leached  o f  CaC03; very  g r a v e l l y  
sandy loam; l oose ,  f r i a b l e ;  f i n e  d i s semina ted  and 1-2 
mm CaC03; s t r o n g l y  e f f e r v e s c e n t ;  65% 2-10 mm g r a v e l  and 
cobbles from f r a c t u r e d  rock;  i r r e g u l a r  and d i f f u s e d  
boundary ; 

15-40+ cm: R hor izon ;  10-40 mm f r a c t u r e d  rock; s t r o n g l y  
e f f e r v e s c e n t ;  2-5 mm CaC03; 

Inc lu s ions :  10-153 rock ou t c rop  

Slope:  S lope  of 8-153 and s t r o n g l y  r o l l i n g  s l ope ;  

Vega ta t ion :  2-53 v e g e t a t i o n  cover  of  Aurdawad and Aousdamer, 

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed hyper thermic  L i t h i c  T o r r i o r t h e n t .  



S i t e  No. 5 1  

Loca t ion :  316.5 E 
1328.5 N 

0-20 cm: I C  h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l w i s h  r e d  ( d r y ) ,  2 . 5 ~ ~ / 4 / 6  d a r k  
r e d  ( m o i s t ) ;  loamy sand;  s t r u c t u r e :  none; f i n e  
s t r a t a ;  s t r o n g l y  e f f e r v e s c e n t ;  few f i n e  woody 
roots; f l u v i a l  d e p o s i t  w i t h  a n  e o l i a n  c a p  o f  8-10 
c m ;  a b r u p t  wavy boundary)  

20-50+ c m :  I I C  h o r i z o n ;  2 . 5 ~ ~ / 4 / 6  r e d  ( d r y  and moist) ; l  f i n e  
g r a v e l :  s t r u c t u r e :  none, l a m i n a t e d  1 t o  2 cm 
g r a v e l  and sand;  weakly cemented; s t r o n g l y  
e f f e r v e s c e n t .  

S u r f a c e :  s a n d  and f i n e  g r a v e l  

S lope :  0-13 

P o s i t i o n :  broad waterway 

p a r e n t  Material: a l l u v i u m  from nearby h i l l s  

V e g e t a t i o n :  10% a c a c i a  and f i v e  (5%)  g r a s s  

Eros ion :  s u r f a c e  e r o s i o n  and i n u n d a t i o n  a t  each  r a i n  
0 

Temperature:  31  C 

C l a s s i f i c a t i o n :  sandy ske le ta l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



DAH IBOHTA 

Site No. 74 

Location: 227 E 
1236 N 

Surface: No sample taken 

Classification: coarse loamy mixed hyperthermic Typic Torriorthent. 



DAME RKADDAE 

S i t e  No. 66  

L o c a t i o n :  247.3 E 
1234 .0  N 

0-15 c m :  A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ;  1 0 ~ ~ / 5 / 6  
y e l l o w i s h  brown ( m o i s t ) ;  v e r y  g r a v e l l y  sand ;  weak 
medium t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  
50% g r a v e l s ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  
1-4  mm i n d u r a t e d  CaC03; i r r e g u l a r  d i f f u s e d  boundary :  

15-55 c m :  C l l c a  h o r i z o n ;  7 . 5 ~ ~ / 5 / 6  s t r o n g  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  
brown ( m o i s t )  ; v e r y  g r a v e l l y  sand :  50% f r a c t u r e d  
p e b b l e s  and  c o b b l e s ;  weak f i n e  a n g u l a r :  l o o s e ,  
common 1 t o  5  mm i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  boundary ;  

55  - 140 c m :  C12ca h o r i z o n ;  7 . 5 ~ ~ 5 / 6  s t r o n g  brown ( d r y )  7 . 5 ~ ~ 4 / 4  brown 
(mois t ) ;  v e r y  g r a v e l l y  sandy  loam, 5G% f r a c t u r e d  
p e b b l e s  and  c o b b l e s ,  s t r u c t u r e l e s s ;  l o o s e  common 1 t o  5  
c m  i n d u r a t e d  CaC03; s t r o n g l y  e f f e r v e s c e n t .  

I n c l u s i o n s  : T h i s  s o i l  r e p r e s e n t s  40% o f  t h e  a r e a ;  35% o f  t h e  a r e a  
c o n s i s t  o f  a  c o a r s e  loamy s k e l e t a l  mixed hyp 'e r thermic ,  
L i t h i c  T o r r i o r t h e n t ,  25% r o c k  o u t c r o p ;  

S l o p e :  40 t o  70% s l o p e .  

P a r e n t  M a t e r i a l :  R h y o l t h i c  r o c k s  m o d e r a t e l y  f r a c t u r e d ;  

V e g e t a t i o n :  S p a r s e  v e g e t a t i o n  (cympoboqon),  " g a l a n ,  gudac ,  b i l c i n ,  
i b a t e y s .  " 

Comment: l o c a t i o n  a t  247.3 E 500 m on t h e  r o a d  t o  p o s t  c o n t r o l ,  
1234.0 N a t  A l i -Sab leh :  West o f  t h e  r o a d ,  

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



DARBI EALE 

S i t e  No. 75 

Locat ion:  241.8 E 
1360.6 N 

0-30 cm:  C h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y )  1 0 ~ ~ / 3 / 4  da rk  y e l l o w i s h  
brawn ( m o i s t ) ;  g r a v e l l y  loam; 70% g r a v e l :  
s t r u c t u r e l e s s ;  l oose ,  f r i a b l e ,  nons t i cky ;  CaC03 
c o a t i n g  on rock f a c e s ;  s t r o n g l y  e f f e r v e s c e n t :  
c l e a r  wavy boundary, 

Sur f  ace:  95% g r a v e l  

I n c l u s i o n s :  10% rock ou t c rop ,  10% wadi channe l  

S lope :  3% 

P o s i t i o n :  r o l l i n g  f o o t h i l l  ( v a l l e y )  

P a r e n t  M a t e r i a l :  b a s a l t  

Vege t a t i on :  5% a c a c i a  a l ong  d r a inage  ways 

Eros ion :  s e v e r e  w a t e r  e r o s i o n  w i t h  g u l l i e s  
0 

Temperature:  26.4 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hype r the rmic  L i t h i c  
T o r r i o r t h e n t .  



DARI W O U  

S i t e  No. 38 

Loca t ion :  260.7 E 
1304.2 N 

0-5 cm: A hor izon:  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  dark b r w n  
( m o i s t )  : g r a v e l l y  sand;  s t r u c t u r e :  none; loose ,  
f r i a b l e ,  nons t i cky ;  s t r o n g l y  e f f e r v e s c e n t ;  50% g r a v e l ;  
c l e a r  wavy boundary; 

5-45+ cm: Cca hor izon :  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  dark brown 
( m o i s t ) ;  very  g r a v e l l y  sand;  s t r u c t u r e :  none: loose ,  
f r i a b l e ,  nons t i cky ;  70% g r a v e l  and s tones :  s t r o n g l y  
e f f e r v e s c e n t ;  f i n e  d i s s emina t ed  and t h i c k  c o a t i n g  of 
CaC03 on g r a v e l  and s t o n e s .  

Sur f  ace:  10% cobbles, 80% g r a v e l  and s t o n e s  

I n c l u s i o n s  : 65-703 s i d e  s l o p e s  ( ~ o r r i o r t h e n t )  w i t h  about  10% 
s i m i l a r  v e g e t a t i o n .  

Slope:  2 t o  3% 

P o s i t i o n :  d i s s e c t e d  a l l u v i a l  f a n  

P a r e n t  Ma te r i a l :  c o a r s e  a l l uv ium 

Vege ta t ion :  3  t o  5% 1 m "J i rme ."  

Eros ion:  r i l l  e r o s i o n  
0 

Temperature: 3 2 . 8  C 

C l a s s i f i c a t i o n :  sandy s k e l e t a l ,  mixed hyper thermic ,  L i t h i c  
T o r r i o r t h e n t .  



DEGAMANKAL 

A . D .  /J.G./F.@. 

S i t e  No. 43 

L o c a t i o n :  209.4 E 
1234.2 N 

0-6 cm: A h o r i z o n ;  1 0 ~ ~ / 5 / 3  (brown) d r y ,  1 0 ~ ~ / 3 / 3  ( d a r k  brown) 
m o i s t ;  g r a v e l l y  sandy loam; s t r u c t u r e :  none; l o o s e ,  
v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  30% 
g r a v e l ;  t h i n  CaC03 c o a t i n g  on a l l  p a r t s  of  t h e  g r a v e l ;  
c l e a r  and wavy boundary;  

6-15 cm: C h o r i z o n ;  1 0 ~ ~ / 5 / 4  (Yel lowish  brown) d r y ,  1 0 ~ ~ / 3 / 4  ( d a r k  
y e l l o w i s h  brown) m o i s t ;  very  g r a v e l l y  sandy loam; 
s t r u c t u r e :  none;  l o o s e ,  very  f r i a b l e ,  n o n s t i c k y ;  m i l d l y  
e f f e r v e s c e n t ;  50% g r a v e l ;  t h i n  pa tchy  CaC03 c o a t i n g  on 
t h e  g r a v e l ;  I n c l u s i o n  o f  rocks  ( l a v a  f l o w ) ;  50% covered  
w i t h  s t o n e s  and b o u l d e r s ;  

I n c l u s i o n s :  I n c l u s i o n  i n  t h e  Balambal s o i l  mapping l i m i t  

S lope:  S l o p e s  from 3-8% 

P a r e n t  M a t e r i a l :  10% l a v a  o u t c r o p  

Vege ta t ion :  V e g e t a t i o n  r a r e  (Aousdameir a c a c i a s )  

Comment : E x t e n s i v e  s o i l  

C l a s s i f i c a t i o n :  sandy mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



S i t e  N o .  3 5  

L o c a t i o n :  190 
1 2 8 4  

Land t y p e :  T a l u s  

S e e  Sample 8 8  



DEROKKOMA 

S i t e  N o .  70 

Loca t ion :  171.7 E 
1246.2 N 

0-10 cm: A hor izon ;  7 . 5 ~ ~ / 4 / 4  brawn ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  da rk  brown 
( m o i s t ) ;  c l a y  loam; s t r o n g  c o a r s e  t o  medium subangu la r  
b locky  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ; ,  few f i n e  roots; g r a d u a l  and 
smc~oth boundary; 

10-54 cm:  B l l  horj-zon; 7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ;  5 ~ ~ / 3 / 3  d a r k  
r e d d i s h  brcwn ( m o i s t ) ;  s t o n y  sandy c l a y  loam; moderate 
medium s u b a n g u l a r  b locky s t r u c t u r e ;  f i r m  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  and 
smooth boundary ; 

54-81 cm: B12 h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  
brown ( m o i s t ) ;  s t o n y  sandy c l a y  loam; modera te  medium 
s u b a n g u l a r  b locky  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i icky;  g r a d u a l  and d i f f u s e d  boundary;  

81-90 cm: C h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brawn ( d r y ) ,  5  ~ ~ / 3 / 3  da rk  r e d d i s h  
brtwn ( m o i s t ) ;  g r a v e l l y  sandy c l a y  loam; s t r u c t u r e :  
none; f i r m ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
20% f i n e  g r a v e l  

S u r f a c e :  60% c o b b l e s  and s t o n e s  o n  t h e  s u r f a c e  

S lope :  3- !j% 

P a r e n t  Material: loess on l ava  f low 

V e g e t a t i o n :  10% v e g e t a t i o n  cover :  "magal x i d ,  d a r a f "  ( temporary  
g r a s s )  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  



DIDJAN DER 

S i t e  No. 26 

Locat ion:  258.8E 
1265.2 N 

0-15 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  ve ry  g r a v e l l y  sandy c l a y  loam; weak medium 
s u b a n g u l a r  b locky s t r u c t u r e ;  loose, f r i a b l e  n o n s t i c k y ;  
few f i n e  roots; 65% o f  2  t o  4  mm g r a v e l s ;  modera te ly  
e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  boundary; 

15-b5 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 8 / 1  w h i t e  ( d r y )  1 0 ~ ~ / 5 / 3  brown 
(mois t )  ; sandy c l a y  loam; s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e ,  n o n s t i c k y ;  few medium roots; t h i c k  
c o a t i n g  o f  CaC03 o n  a l l  rock s u r f a c e s ,  abundant  
f i n e  CaC03 d e p o s i t s  on t h e  f i n e  f r a c t i o n ;  40% 
g r a v e l s ,  20% cobbles, 10% s t o n e s ;  ex t remely  
e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  boundary; 

85-200 c m :  I ICca  h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ,  
1 0 ~ ~ / 6 / 3  p a l e  brown ( m o i s t ) ;  s t o n y  sandy c l a y  loam; 
f i r m ,  f r i a b l e ,  n o n s t i c k y ;  15% s o f t  powdery 1 t o  5  mm 
CaC03; i r r e g u l a r  d i f f u s e d  boundary; 

200-350 c m :  I I I C c a  h o r i z o n ;  bou lde ry  a l luv ium 

Sur f  ace:  between 40-80% g r a v e l  and abou t  30% cobbles and s t o n e s  

Slope:  0-3% d i s s e c t e d  ( s l i g h t l y )  

Vege ta t ion :  About  20% v e g e t a t i o n  cover  ( b a l a n i t s  a e g y p t i o c a ,  
a c a c i a .  . . ) 

Comment : 100 m w e s t  o f  t h e  r o a d ,  on the  w e s t  bank o f  t h e  wadi,  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper the rmic  Typ ic  T o r r i o r t h e n t  



DIM0 Le BODA 

S i t e  No. 90 

Loca t ion :  229.3 E 
1307.4 N 

0-50+ cm: A h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  
7 . 5 ~ ~ 1 3 1 2  d a r k  brown ( m o i s t ) ;  ve ry  s t o n y  loam: 40% 
c o b b l e s ,  20% s t o n e s  and 20% g r a v e l ;  modera te  medium 
crumb s t r u c t u r e :  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y :  many 
f i n e  and common medium and c o a r s e  woody r o o t s ;  s t r o n g l y  
e f f e r v e s c e n t ;  t h i n  CaC03 c o a t i n g s  on s t o n e s .  

S u r f a c e :  90% s t o n e s  and c o b b l e s  

I n c l u s i o n s :  15% rock o u t c r o p s  and 40% l i t h i c  v a r i a n t  + 45% t y p i c  
v a r i a n t  

S  lope:  10% 

P o s i t i o n :  c o l l u v i a l  o r  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  b a s a l t i c  t a l u s  and e o l i a n  f i l l  

V e g e t a t i o n :  10% 2 m h i g h  a c a c i a ;  20% h e r b s  and 2% g r a s s  

Eros ion :  s e v e r e  water r i l l s  and g u l l i e s  
0 

Temperature:  28.9 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper the rmic  A r i d i c  H a p l u s t o l l  



DIR 

Site No. 79 

Location: 270 E 
1226 N 

Surf ace: no sample taken 

Similar Soil: similar to Site No. 9 

Classification: loamy mixed hyperthermic Lithic Torriorthent 



DITA 

S i t e  No. 14 

L o c a t i o n :  284.4 E 
1369.4 N 

0-8 an: A h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 4 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  g r a v e l l y  loam; s t r u c t u r e l e s s ;  
l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
a b r u p t  i r r e g u l a r  boundary;  

8-40+ cm: Cca h o r i z o n ;  7 . 5 ~ ~ 1 6 1 2  p i n k i s h  g r a y  ( d r y ) ,  7 . 5 ~ ~ 1 5 1 4  
brown ( m o i s t ) ;  g r a v e l l y  sandy loam; s o f t  d i s s e m i n a t e d  
CaC03 and c o n t i n u o u s  t h i c k  CaC03 c o a t i n g s  on r o c k s ;  
s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t .  

Surf  ace:  80% g r a v e l ,  20% c o b b l e s  

I n c l u s i o n s :  15% waterways;  10% rock o u t c r o p  

Slope:  3% 

P o s i t i o n :  c o l l u v i a l  v a l l e y ;  pediment  s l o p e  

P a r e n t  M a t e r i a l :  r h y o l i t e  co l luv ium 

Vege ta t ion :  b a r r e n  e x c e p t  waterways 

Eros ion :  modera te  s h e e t  e r o s i o n  
0 

Temperature: 31.7 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper the rmic  L i t h i c  C a l c i o r t h i d .  



D JABNANEARRE 

S i t e  N o .  5 8  

L o c a t i o n :  237.7 E 
1 2 2 1 . 3  N 

0-7 cm:  A h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ;  
1 0 ~ ~ / 3 / 6  d a r k  y e l l o w i s h  brown ( m o i s t ) ;  weak medium and  
coarse s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s o f t ,  v e r y  f r i a b l e ,  
n o n s t i c k y ;  common f i n e  f i b r o u s  roots; t h e  s u r f a c e  ( 2  
m m )  p u d d l e s  a n d  d e s t r o y s  t h e  s t r u c t u r e ;  s t r o n g l y  
e f f e r v e s c e n t ;  many f i n e  pores o f  0 .5-2 mm; 80% 
b o u l d e r s ,  s t o n e s  and  c o b b l e s  from 10-100 c m ,  c lear  
wavy bounda ry  ; 

7-39 c m :  B21 h o r i z o n ;  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 2  
d a r k  r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; v o d e r a t e  medium 
and  c o a r s e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  10% 0.5-2 mrn 
CaC03 c o n c r e t i o n s ;  s t r o n g l y  e f f e r v e s c e n t ;  f . i rm ,  f r i a b l e  
s l i g h t l y  s t i c k y ,  few f i n e  f i b r o u s  roots; few c o a r s e  
p o r e s ;  common w h i t e  f u n g u s  traces; c lear  i r r e g u l a r  
bounda ry  ; 

34-48 c m :  B22ca h o r i z o n ;  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  s andy  c l a y  loam; m o d e r a t e  medium 
a n d  f i n e  a n g u l a r  and s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  15% CaC03 c o n c r e t i o n s  o f  1 -3  
mm a n d  s o f t  powdery d i s s e m i n a t e d  CaC03 ; s t r o n g l y  
e f f e r v e s c e n t ;  c lear  i r r e g u l a r  boundary ;  

48-55+ c m :  B3ca h o r i z o n ;  S Y R / ~ / ~  r e d d i s h  brown ( d r y )  g r a v e l ,  5 ~ ~ / 3 / 4  
d a r k  r e d d i s h  brown ( m o i s t ) ;  t h i n  CaC03 o n  a l l  f a c e s ;  
s a n d y  l o a m  be tween  t h e  i n t e r s t i c e s :  f rom 65 t o  100 c m  
t o  t he  b e d r o c k ;  

I n c l u s i o n s :  I n c l u s i o n s  o f  15% s l o p e  

S  lope : a b o u t  5% 

P a r e n t  Material: V o l c a n i c  bombs s t r e w n  loess c o v e r e d  l a v a  f l o w  

V e g e t a t i o n :  Acacias, b i l c i n ,  D h i r i n i t h i r ,  sarman,  Aousdamer: 
5 %  c o v e r  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  
( b o u l d e r y  ) . 



EABALLOU 

S i t e  No. 22 

Location: 210.6 E 
1348.5 N 

Land form: Lava f low 

Surf ace:  Barren 

Slope: Rol l ing:  1-8% 

Parent Material:  Lava outcrops and Lava flow 

Comment: Few smal l  p layas  

A . D .  /J.G. 



S i t e  No. 40 

Loca t ion :  183.5 E 
1320.1 N 

0-25 cm:  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  d a r k  brown ( d r y ) ,  1 0 ~ ~ / 2 / 2  ve ry  da rk  
brown ( m o i s t ) ;  very  g r a v e l l y  loam; 55% c o b b l e s ,  s t o n e s  
and b o u l d e r s ,  25% g r a v e l :  no s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  common f i n e  woody r o o t s  ; common 
c o n t i n u o u s  CaC03 c o a t i n g s  on rock f ragments ;  s t r o n g l y  
e f f e r v e s c e n t ;  wavy i r r e g u l a r  boundary,  

25 cm: R h o r i z o n ;  rock ( b a s a l t )  

S u r f a c e :  5% b o u l d e r s ;  45% s t o n e s  and c o b b l e s  

I n c l u s i o n s :  40% rock o u t c r o p ,  20% t y p i c  v a r i a n t  

P o s i t i o n :  s i d e  s l o p e  

P a r e n t  M a t e r i a l :  T a l u s  ( b a s a l t i c  l a v a )  

V e g e t a t i o n :  2% "ku lan"  and bushes  and 5% g r a s s  

Eros ion :  s e v e r e  w a t e r  ( g u l l e y  e r o s i o n )  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper the rmic  L i t h i c  T o r r i o r t h e n t  
0 

Temperature:  29.5 C 



EADODANEAY 

S i t e  No. 39  

L o c a t i o n :  222 .4  E 
1268 .6  N 

- 3  c m :  A h o r i z o n ;  g r a v e l l y  s a n d ;  l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y ;  
v e r y  s t r o n g l y  e f f e r v e s c e n t ;  40% g r a v e l ;  c l e a r  and  
smooth boundary ;  

1-20 c m :  C h o r i z o n ;  v e r y  g r a v e l l y  sandy loam; s t r u c t u r e :  none;  
l o o s e ,  v e r y  f r i a b l e ,  s l i g h t l y  s t i c k y ;  50% 2-50 mm 
g r a v e l  and 5-10 c m  s t o n e s  i n  the h o r i z o n ;  s t r o n q l y  
e f f e r v e s c e n t .  

, u r f a c e :  906 c o v e r  o f  s t o n e s  and b o u l d e r s  

; l o p e s :  3-3C% s l o p e s  

' e g e t a t i o n :  r a r e  v e g e t a t i o n  o f  t empora ry  g r a s s  

?omment : a t  t h e  b o t t o m  o f  a  h i l l  

Z l a s s i f i c a t i o n :  loamy, s k e l e t a l ,  mixed,  h y p e r t h e r m i c ,  L i t h i c  
C a l c i o r t h e d  

6 4  

BEST AVAILABLE COPY 



EADO GAFAN 

S i t e  N o .  91 

L o c a t i o n :  182.8 E 
1285 .3  N 

0-10 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  s t r o n g  brown 
( m o i s t ) ;  s a n d ;  s t r u c t u r e :  none; s l i g h t l y  f i r m ,  
v e r y  f r i a b l e ;  some f r e s h  w a t e r  m o l l u s k s ;  c l e a r ,  
smooth ;  s t r o n g l y  e f f e r v e s c e n t ,  

10-75 c m :  C h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  
s t r o n g  brown ( m o i s t ) ;  s a n d ;  s t r u c t u r e :  none ;  
s l i g h t l y  f i r m ,  v e r y  f r i a b l e ;  l a m i n a t e d ;  
m o d e r a t e l y  e f f e r v e s c e n t ;  

P o s i t i o n :  Occur s  on  a  p l e i s t o c e n e  l a c u s t r i n e  p l a i n  

V e g e t a t i o n :  T h i s  p a r t i c u l a r  s o i l  h a s  5% bunch g r a s s  c o v e r  

Corn~.ent : The Han le  p l a i n  i s  a b o u t  65% o f  t h i s  s o i l .  Abbut 
20% c o v e r e d  w i t h  dunes  up t o  2  m h i g h .  15% wadi  
w i t h  dunes  on t h e  edge.  The s a n d  dunes  h a v e  
s e v e r a l  s p e c i e s  o f  t rees:  30% c o v e r  up t o  3-4 m 
(Qudac ,  Caday,  dhagdhagan,  moroh ) 

C l a s s i f i c a t i o n :  s andy  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



EANGALALO 

S i t e  No. 46 

L o c a t i o n :  299 .4  E 
1393.6  N 

0-9 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brown ( m o i s t ) ;  
s andy  c l a y  loam; weak c o a r s e  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  s l i g h t l y  cemented w i t h  NaC1, b r i t t l e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s a l t y  t o  t a s t e ;  s a n d y  on 
p e d f a c e s ;  many f i n e  p o r e s ;  c l e a r  i r r e g u l a r  boundary ,  

9-40 c m :  B2Na h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y  and m i s t ) ;  sandy  
c l a y  loam; weak medium s u b a n g u l a r  b l o c k y  s t r u c t u r e :  f i r m ,  
f r i a b l e ,  s l i q h t l y  s t i c k y ;  s a l t y  t o  t a s t e ,  3 %  f i n e  NaCl 
c r y s t a l s ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  wavy boun3ary ;  

40-55 c m :  B3Na h o r i z o n ;  7 . 5 ~ ~ / 5 / 6  s t r o n g  brown ( d r y  and  m i s t ) ;  sandy  
c l a y  loam; weak c o a r s e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  many c o r a l  p i e c e s ;  
s l i g h t l y  s a l t y  t o  t a s t e ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  50% f i n e  g r a v e l  and  p u f f y  c r u s t y  s u r f a c e  

I n c l u s i o n s :  few a r e a s  w i t h  dunes  (40-75 c m  h i g h ) ;  few 
waterways  w i t h  50% dunes  

S l o p e :  0-1% 

P a r e n t  M a t e r i a l :  l o e s s  on c o r a l  

V e g e t a t i o n :  10% b u s h e s  on dunes ,  90% b a r r e n ;  t h i s  s o i i  o c c u r s  
n e a r  t h e  s e a  

E r o s i o n :  hazard-wind  and  s h e e t  e r o s i o n  
0 

Tempera tu re :  31.3 C 

Comment : C o r a l  r o c k s  a t  1 m 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  ~ a t r a r g i d .  



EAMAYTOLE 

S i t e  No. 17 

Location: 150 
1269 

Surface: No sample taken 

C l a s s i f i c a t i on :  loamy s k e l e t a l  mixed hypertherrnic L i t h i c  
Tor r io r then t  . 



EASA DO 

S i t e  N o  227 (NO.  9 7 )  

L o c a t i o n :  227 .1  E 
1301 .9  N 

0-50 c m :  C h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y  and  w e t ) :  g r a v e l l y  
loam: 60% b o u l d e r s ,  be tween  t h e  b o u l d e r s  70% 
g r a v e l  a n d  r o c k s ;  s t r u c t u r e l e s s ;  loose, f r i a b l e ,  
s l i g h t l y  s t i c k y :  common f i n e  woody r o o t s :  
s t r o n g l y  e f f e r v e s c e n t ;  common medium c o n t i n u o u s  
CaC03 c o a t i n g s  o n  r o c k s ,  

S u r f a c e :  50% b o u l d e r s ,  35% s t o n e s  cobble a n d  g r a v e l  

I n c l u s i o n s :  20% r o c k  o u t c r o p s ,  30% t a l u s  s l o p e  

S l o p e :  25-30% 

P o s i t i o n :  S t e e p  m o u n t a i n s  s l o p e  ( r o l l i n g  m o u n t a i n s )  

P a r e n t  Material: b a s a l t i c  l a v a  

V e g e t a t i o n :  rare  ( " b i n i n "  ) 
0 

T e m p e r a t u r e :  26.4 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  
T o r r i o r t h e n t  . 



EASAGELAW 

S i t e  No. 7  

Location: 304.4 E 
1348.8 N 

0-3 cm: A horizon: 1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  dark brown 
(mois t ) ;  very cobbly sandy loam; weak f i n e  subangular 
blocky; weakly cemented; f r i a b l e  and s l i g h t l y  s t i c k y ;  
s t rong ly  ef fervescent ;  few f i n e  woody roo t s ;  c l e a r ,  
smooth boundary; 

-30 + cm: Cca horizon; 1 0 ~ ~ / 6 / 2  l i g h t  brownish gray ( d r y ) ,  1 0 ~ ~ / 6 / 4  
l i g h t  yellowish brown (mois t ) ;  sandy c l a y  loam; 
s t r u c t u r e :  none; loose,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  few 
f i n e  woody roots ;  s t rong ly  e f fe rvescen t ;  f i n e  
disseminated and 1 t o  2 mm th ick  coat ing  of CaC03 on 
t h e  gravel  and rocks; 70% s tones  and 10% gravel .  

Surf ace: 758 cobbles 

Inc lus ions :  25% rock outcrop 

Slope: 11% 

Posi t ion:  t a l u s  colluvium 

Parent  Mater ial :  indurated r h y o l i t i c  ignimbr i te  

Vegetation: 5% acacia  and "b in in"  
0 

Temperature: 27.6 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyperthermic Typic Calc ior th id .  



EGE REALEYTA 

S i t e  No. 1 5  

L o c a t i o n :  238.6 E 
1271 .7  N 

0-30 cm: Aca h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y )  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  v e r y  s t o n y  loam; weak coarse and  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  loose, v e r y  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  many f i n e  p o r e s ;  few 
f i n e  f i b r o u s  r o o t s ;  CaC03 o n  a l l  f a c e s  o f  t h e  r o c k  
f r a g m e n t s ;  few f i n e  c o n c r e t i o n s  o f  CaC03 a n d  f i n e  
d i s s e m i n a t e d  and  powdery CaC03; 80% s c o r e c o u s  bombs 
b o u l d e r  s i z e  20-50 c m ;  g r a d u a l i r r e g u l a r  bounda ry ;  

30-60+ cm:  Cca h o r i z o n ;  1 0 ~ ~ 4 / 3  d a r d  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brawn 
( m o i s t ) ;  v e r y  s t o n y  sandy  c l a y  loam,  m o d e r a t e  medium t o  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  many f i n e  p o r e s ;  
s t r o n g l y  e f f e r v e s c e n t ;  f i n e  d i s s e m i n a t e d  CaC03 a n d  
CaC03 o n  a l l  f a c e s  o f  the  rock  f r a g m e n t s ;  many f i n e  
f u n g u s  traces; few f i n e  coarse woody roots; b o u l d e r s  
a n d  s t o n e s  r e p r e s e n t  90% o f  the  h o r i z o n ;  

P a r e n t  Material: 15-203 s l o p e s  on  r o l l i n g  l a v a  f l o w  60% 10-50 c m  
b o u l d e r  c o v e r ,  25% l a v a  o u t c r o p ,  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r :  less t h a n  5% b u t  i n c l u d e s  Wan'ad;  
d h i d i n ,  k u l a n ,  Qudac . .  . 

Comment : 40% o f  t h e  so i l  are  t h i n n e r  t h a n  t h i s  o n e ,  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



EOULMA 

S i t e  N o .  9 9  

L o c a t i o n :  307 .1  E 
1339 .1  N 

0-20 c m :  I C  h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  s andy  c l a y  loam; s t r u c t u r e :  
none;  loose, f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  few f i n e  woody r o o t s ;  c l e a r  smooth 
bounda ry ,  

20-40+ c m :  I I C  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  
brown ( m o i s t ) ;  s a n d ;  s t r u c t u r e :  none;weakly cemented,  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  CaC03. 

S u r f  a c e :  50% g r a v e l  

I n c l u s i o n s :  15% waterways  w i t h  20-30 c m  o f  e o l i a n  sand  

S l o p e :  0-1% 

P o s i t i o n :  O u t e r  edge  o f  a  a l l u v i a l  f a n  

P a r e n t  h a t e r i a l :  mixed a l l u v i u m  

V e g e t a t i o n :  20% g r a s s  and  woody t u f t  and 5% a c a c i a  i n  the  
waterways .  

0 

Tempera tu re :  33.6 C 

C l a s s i f i c a t i o n :  sandy  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



FI EALOU 

S i t e  N o .  6 0  

A . D .  /J.G. 

L o c a t i o n :  225.2 E 
1291 .3  hT 

0-25 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  d a r k  brown 
( m o i s t ) ;  g r a v e l l y  loamy s a n d ;  20% r o c k s ,  25% g r a v e l ;  
weak medium t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
s l i g h t l y  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  many f i n e  p o r e s :  
s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  wavy boundary ;  

25-200+ c m :  C h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  
v e r y  d a r k  g r a y i s h  brown ( m o i s t ) ;  v e r y  s t o n y  s a n d ;  50% 
s t o n e s ,  20% g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t ;  loose, 
f r i a b l e ,  n o n s t i c k y  ; s t r u c t u r e l e s s ;  common medium woody 
r o o t s ;  v e r y  t h i n  p a t c h y  CaC03 c o a t i n g  o n  rock  f r a g m e n t  
f a c e s .  

S u r f a c e :  70% g r a v e l ,  25% s t o n e s  a n d  c o b b l e s  

I n c l u s i o n s :  Wadi C h a n n e l  

S l o p e :  1% 

P o s i t i o n :  t e r race  

P a r e n t  M a t e r i a l :  d e l t a i c  a l l u v i a l  cobbles 

V e g e t a t i o n :  sparce acacia 

E r o s i o n :  none t o  s l i g h t  b u t  d i s s e c t e d  by meander ing  s t r e a m s  
0 

Tempera tu re :  34.5  C  

C l a s s i f i c a t i o n :  s andy  s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



FAFFAHTO 

S i t e  No. 64 

Location: 2 2 2 . 8  E 
1369.6 N 

Land form: Lava flow 

Parent Material:  Volcanic boulder bombs 50 t o  1 . 5  meters on lava 
flow 

Comment: This u n i t  blocks t h e  o u t l e t  t o  t h e  nearby playa. 



GABHOT I M  

S i t e  N o .  33 

Loca t ion :  256.5 E 
1306 .1  N 

0-15 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  d a r k  g r a y i s h  
brown ( m o i s t ) ,  v e r y  g r a v e l l y  loamy sand ;  weak f i n e  
s u b a n g u l a r  b locky ;  f i r m ,  f r i a b l e ,  n o n s t i c k y :  weakly 
e f f e r v e s c e n t ;  50% g r a v e l ;  few f i n e  woody r o o t s ;  c l e a r  
and  wavy, 

15-60+ crri: C h o r i z o n ;  5 ~ ~ / 5 / 2  r e d d i s h  g r a y  ( d r y ) ,  5 ~ ~ / 3 / 2  d a r k  r e d d i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  loam; weak medium t o  f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
50% g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  d i s s e m i n a t e d  
a n d  t h i n  c o a t i n g  o f  CaC03 o n  t h e  g r a v e l ;  common f i n e  
a n d  medium r o o t s .  

S u r f a c e :  80% g r a v e l  

I n c l u s i o n s :  70% r o c k  o u t c r o p  

S l o p e :  15 % 

P o s i t i o n :  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  c o l l u v i u m  

V e g e t a t i o n :  2 0 %  1 m h i g h  " b i n i n "  dominan t ly  

E r o s i o n :  r i l l  and  g u l l y  e r o s i o n  
0 

Tempera tu re :  34.7 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  



GARAB 

S i t e  No. 6 3  

L o c a t i o n :  293.9 E 
1318.2 N 

0-SO+ c m :  C h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  s t r o n g  
brown ( m o i s t )  ; g r a v e l l y  s andy  loam; s t r u c t u r e :  
none;  s t r a t i f i e d  sand:  g r a v e l  a n d  c o b b l e s ;  common 
f i n e  woody roots; s t r o n g l y  e f f e r v e s c e n t ,  

S u r f a c e :  50% c o b b l e s  a n d  b o u l d e r s  

I n c l u s i o n s :  15% r o c k  o u t c r o p  a n d  15% p l a t e a u  

S  l ope :  19 % 

P o s i t i o n :  t a l u s  s l o p e  

P a r e n t  Material:  mixed c o l l u v i u m  

V e g e t a t i o n :  2 0  t o  25% o f  " d h i d i n "  ( 2  m h i g h )  

E r o s i o n :  gu 1 l y  eros i o n  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  



GARBALI 

S i t e  N o .  37 

L o c a t i o n :  234.7 E 
1360.6N 

0-6 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y  and  m o i s t ) ;  loam; 
v e r y  weak f i n e  p l a t y  s t r u c t u r e ;  1 0 %  f i n e  g r a v e l ;  
s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  wavy bounda ry ;  

6-45 c m :  B2 h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  b r m n  ( d r y ) ,  7 . 5 ~ ~ 1 3 1 4  d a r k  brown 
( m o i s t ) ;  s i l t y  c l a y  loam; m o d e r a t e  medium and  f i n e  
a n g u l a r  b l o c k y ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  common f i n e  
r o o t s ;  10% f i n e  g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  
wavy boundary ; 

45-70 c m :  C h o r i z o n ;  1 0 ~ ~ / 4 j 4  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  brawn 
(mois t ) ;  s i l t  loam; s t r u c t u r e :  none ;  loose, f r i a b l e ,  
n o n s t i c k y ;  10% f i n e  g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f  a c e :  258 c o b b l e s  and  s t o n e s  ( v o l c a n i c  bombs), a b o u t  
30% f i n e  g r a v e l  

I n c l u s i o n s  : 10% c o v e r  of  30-4 c m  s a n d  on  waterways ,  10% 
b a r r e n  p l a y a s  

S l o p e :  1% 

P o s i t i o n :  p l a y a  

P a r e n t  M a t e r i a l :  a l l u v i u m  and  e o l i a n  loess 

V e g e t a t i o n :  1% a c a c i a  and  25% "sarman"  i n  the  wa te rways  
0 

Tempera tu re :  32 .1  C 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Can-bor th id  



GARRAYTO 

S i t e  N o .  89 

L o c a t i o n :  272 .1  E 
1 3 4 3 . 1  N 

0-10 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 6 / 4  l i g h t  brown ( d r y ) ,  7 . 5 ~ ~ / 5 / 4  brown 
( m o i s t ) ;  g r a v e l l y  loam; s t r u c t u r e l e s s ;  loose, 
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  40% 
f i n e  g r a v e l  and  s t o n e s :  c lear  wavy b o u n d a r y ;  

10-30 cm:  C h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  5 ~ ~ / 5 / 6  y e l l o w i s h  r e d  
( m o i s t )  ; g r a v e l l y  loam; 75% g r a v e l ;  s t r u c t u r e l e s s ;  
loose, f r i a b l e ,  s l i g h t l y  s t i c k y :  few f i n e  roots;  
c o n t i n u o u s  CaC03 c o a t i n g s  o n  r o c k s ;  s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  i r r e g u l a r  b o u n d a r y ;  

30  c m :  R (Rock ) . 
S u r f  a c e :  50% g r a v e l ;  10% s t o n e s  

I n c l u s i o n s :  15% o u t c r o p ,  15% t h i c k e r  s o i l  i n  t h e  wa te rways  

S l o p e :  0-28 

P o s i t i o n :  p l a t e a u  

P a r e n t  Material: r h y o l i t e  

V e g e t a t i o n :  3% 1 m s h r u b s ,  3% h e r b s  

E r o s i o n :  none  t o  s l i g h t  wind  a n d  sheet e r o s i o n  
0 

T e m p e r a t u r e :  2 5 . 1  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



GIDOLI 

S i t e  No. 78 

L o c a t i o n :  209.1E 
1260.1  N 

0-10 c m :  A h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ,  
1 0 ~ ~ / 3 / 3  d a r k  brown ( m o i s t ) ;  s i l t  loam; s t r u c t u r e l e s s ;  
l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y  ; s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  and  wavy boundary ;  

10-52 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  
brown ( m o i s t ) :  g r a v e l l y  sandy c l a y  loam; weak t o  
m o d e r a t e  medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  
e f f e r v e s c e n t ;  g r a d u a l  and  wavy boundary ;  

52-75 c m :  B 3  h o r i z o n ;  7 . 5 ~ ~ / 4 / 6  s t r o n g  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown (mois t ) ;  g r a v e l l y  sandy c l a y  loam; 
20% h a r d  p i t t e d  secondary  CaC03 from 1-5 c m ;  l a v a  

S l o p e :  S l o p e s  a b o u t  3-35% 

P a r e n t  M a t e r i a l :  90% c o v e r  o f  s t o n e s  and b o u l d e r s  on a  l a v a  f low 
(loess ) 

V e g e t a t i o n :  r a r e  v e g e t a t i o n ,  no t rees ,  " d a r i f  and w a n ' a d . "  

C l a s s i f i c a t i o n :  f i n e  loamy s k e l e t a l ,  mixed, h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  



GOEONDALE MADOBE 

S i t e  No. 1 9 4  

L o c a t i o n :  265.3 E 
1225 .8  N 

0-5 c m :  A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  s andy  loam; weak medium t o  
f i n e  s u b a n g u l a r  b l o c k y ;  s o f t ,  f r i a b l e ,  n o n s t i c k y ;  30% 1 
t o  3  c m  g r a v e l s ;  m i l d l y  e f f e r v e s c e n t ;  few f i n e  r o o t s ;  
c l e a r  boundary ;  

-20 c m :  A12ca h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ 1 3 1 4  d a r k  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy c l a y  loam; 60% 1 t o  
3  c m  g r a v e l s ;  weak f i n e  g r a n u l a r ;  s o f t ,  f r i a b l e ;  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  c o n t i n u o u s  
c o a t i n g  and  f i n e  d i s s e m i n a t e d  and  i n d u r a t e d  CaC03; few 
f i n e  roots; c l e a r  i r r e g u l a r  boundary ,  

20-4- c m :  Bcs h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brown 
( m o i s t ) ;  g r a v e l l y ;  s andy  c l a y  loam; m o d e r a t e  f i n e  and  
medium a n g u l a r  b l o c k y ;  f i r m ,  f r i a b l e ,  n o n s t i c k y :  
s t r o n g l y  e f f e r v e s c e n t ;  10% CaC03; t h i n  c o n t i n u o u s  
c o a t i n g  and  f i n e  d i s s e m i n a t e d  and  i n d u r a t e d  CaC03; few 
f i n e  roots,  

40-50+ c m :  Cca h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ,  
7 . 5 ~ ~ 1 5 1 6  s t r o n g  brown ( m o i s t )  ; g r a v e l l y  sandy  c l a y  
loam; 

S u r f  ace :  70% o f  t h e  s u r f a c e  i s  cove red  by 1 t o  4  c m  g r a v e l  and 
20% by 4  t o  15  c m  cobbles. 

S l o p e :  25-35% s l o p e  on  t h e  c o l l u v i u m  

V e g e t a t i o n :  Qudac ,  s a l a l ,  c a y t i n . .  . 
Comment : 80% f r a c t u r e d  r o c k s  i n  t h e  co l luv ium.  The c o l l u v i u m  

r e p r e s e n t s  35% o f  t h e  a r e a ,  30% a r e  a  l i t h i c  
c a l c i o r t h i d  and  30% t i l t e d  s t r a t i f i e d  r o c k s  and  5% 
o t h e r s .  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



GORAY EEEB 

S i t e  No. 94  

L o c a t i o n :  282.4 E 
1393.4 N 

0-12 cm: A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  g r a v e l l y  sand:  30% g r a v e l ;  
s t r u c t u r e l e s s :  l o o s e ,  ve ry  f r i a b l e ,  n o n s t i c k y ;  
m o d e r a t e l y  e f f e r v e s c e n t ;  c l e a r  i r r e g u l a r  boundary:  

12-30 cm: B h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  g r a v e l l y  sandy loam, 40% g r a v e l ;  weak 
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  v e r y  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  p a t c h y  c o a t i n g  
o f  CaC03 and weak cemented CaC03 o n  t h e  g r a v e l ;  few 
f i n e  woody r o o t s ;  c l e a r ;  i r r e g u l a r  boundary;  

3u-40+ cm: C h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  da rk  brown 
( m o i s t )  ; sandy  loam; s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  e f f e r v e s c e n t .  

S u r f a c e :  f l a t  and a b o u t  80% g r a v e l  c o v e r  

I n c l u s i o n s :  20% waterways 

S lope :  

P a r e n t  M a t e r i a l :  c o l l u v i a l  f a n  of  r h y o l i t e  

V e g e t a t i o n :  b a r r e n  w i t h  10% a c a c i a  a l b i d a  i n  t h e  waterways 

Eros ion :  m o s t l y  wind and r i l l  e r o s i o n  
0 

Tempera ture :  33.0 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



GRAND BARA 

S i t e  N o .  8 

L o c a t i o n :  240 E 
1246 N 

0-0.5  c m :  A l l  h o r i z o n ;  p i n k  7 . 5 ~ ~ / 7 / 4  ( d r y ) ;  brown 7 . 5 ~ ~ / 4 / 4  
( n o i s t ) ;  s i l t y  c l a y  loam; l a m i n a r ;  h a r d  ( d r y ) ;  
f r i a b l e  ( m o i s t ) ;  s l i c k  ( w e t )  ; m o d e r a t e l y  
e f f e r v e s c e n t ;  pH 7 . 3 ;  a b r u p t  bounda ry ,  

0.5-10 c m :  A12 h o r i z o n ;  p i n k  7 . 5 ~ ~ / 7 / 4  ( d r y ) ,  brown 7 . 5 ~ ~ / 4 / 4  
( m o i s t ) ;  c l a y  loam; s t r o n g  medium t o  f i n e  a n g u l a r  
b l o c k y  s t r u c t u r e :  f i r m  ( d r y ) ,  f r i a b l e  ( m o i s t ) ,  
s l i g h t l y  s t i c k y  ( w e t )  ; m o d e r a t e l y  e f f e r v e s c e n t ;  
g r a d u a l  bounda ry ,  

10-30 c m :  B 1  bounda ry ;  brown 7 . 5 ~ ~ / 5 / 4  ( d r y ) ,  d a r k  brown 
7 . 5 ~ ~ / 3 / 4  ( m o i s t ) ;  c l a y  loam; m o d e r a t e  medium t o  
f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m  ( d r y ) ,  
f r i a b l e  ( m o i s t ) ;  s l i g h t l y  s t i c k y  ( w e t ) ;  
m o d e r a t e l y  e f f e r v e s c e n t ;  g r a d u a l  and  i r r e g u l a r  
bounda ry ,  

30-70 c m :  B2 h o r i z o n ;  1 0 ~ ~ / 6 / 2  b r o w n i s h  g r a y  o n  ped f a c e s ;  
7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) :  s andy  c l a y  loam; s t r o n g  l a r g e  t o  medium 
a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m  ( d r y ) ,  f r i a b l e  
n o n s t i c k y  ( m o i s t ) ;  common f i n e  1 t o  2  mm f a i n t  
d a r k  brown f e romanganese  c o n c r e t i o n s ;  few f i n e  
gypsum c r y s t a l s ;  t h i n  a l l u v i a t e d  s i l t y  c o a t i n g  on  
ped f a c e s ;  m o d e r a t e l y  e f f e r v e s c e n t ,  

S u r f a c e :  a b s o l u t e l y  f l a t ,  s u r f a c e  c o v e r e d  w i t h  p o l y h e d r o n s  
(4-10 c m ,  1-3 rnm wide  a n d  2-10 mm d e e p )  

Comment: l o c a t i o n  - 7  km from t h e  e a s t  o f  t h e  r o a d  t o  t h e  
w e s t  i n  t h e  middle o f  Grand  B a r a  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id .  



G U I S T I R  

S i t e  No. 20 

L o c a t i o n :  274.3 E 
1220.3 N 

0-15 c m :  A 1  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  da rk  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  c l a y  loam; weak medium t o  f i n e  s u b a n g u l a r  
b locky  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  n o n s t i c k y ;  20% f i n e  
g r a v e l s  : common f i n e  r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  and i r r e g u l a r  boundary; 

15-30 c m :  B 1  h o r i z o n ;  5 ~ ~ 4 / 4  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  r e d d i s h  
brown ( m o i s t )  ; c l a y  loam; moderate medium s u b a n g u l a r  
b locky s t r u c t u r e ;  f i r m ;  f r i a b l e ;  n o n s t i c k y ;  f i n e  
d i s s e m i n a t e d  and i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  boundary; 

30-7b c m :  B2 h o r i z o n ;  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; s t r o n g  l a r g e  t o  
medium s u b a n g u l a r  b locky ;  h a r d ,  f r i a b l e ,  s l i g h t l y  
s t i c k y :  s m a l l  c r a c k s  of 1 t o  3  mm from 10 c m  t o  100 cm 
w i t h  20 c m  s p a c i n g  and common medium p r e s s u r e  f a c e s  and 
common medium d i s c o n t i n u o u s  s l i c k e n s i d e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  few r o s e  gypsum of  2  t o  4  mm; c l e a r  
boundary ; 

70-120+ c m :  B3 h o r i z o n ;  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y ) ;  5 ~ ~ 3 / 4  da rk  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; moderate l a r g e  t o  
medium a n g u l a r  b locky;  h a r d ,  f r i a b l e ,  n o n s t i c k y ;  nany 1 
t o  4 mm r o s e  gypsum; s t r o n g l y  e f f e r v e s c e n t ;  

S u r f a c e :  50% 5 t o  15  cm c o b b l e s  and g r a v e l  on t h e  s u r f a c e  

I n c l u s i o n s :  E o l i a n  mant le  o v e r  l a v a  f low; 2  t o  3  m m  t h i c k  
l o e s s :  

S lope :  2% s l o p e  

P o s i t  ion:  l i t t l e  e r o s i o n  and very  long s t r a i g h t  s l o p e  

Vege ta t ion :  10% c o v e r  of  sarman 

Comment: 4  km from G u i s t i r  on t h e  road t o  Ali-Adde 
streambank on t h e  n o r t h  s i d e  o f  t h e  road,  

C l a s s i f i c a t i o n :  f i n e  loamy mixed hyper the rmic  Typ ic  Camborthid. 



HADADDASO 

S i t e  N o .  8 3  

Loca t ion :  227.5 E 
1238.4 N 

0-8 c m :  A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t )  ; sandy loam; s t r u c t u r e l e s s ,  
l o o s e ,  n o n s t i c k y ;  many f i n e  f i b r o u s  r o o t s ;  a  weak 
c r u s t  of 0 .5  c m  t h i c k  on s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  wavy boundary;  

8-24 c m :  A12 h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  sandy loam; weak medium t o  f i n e  
s u b a n g u l a r  b locky ;  l o o s e ,  ve ry  f r i a b l e ,  n o n s t i c k y ,  many 
medium woody r o o t s ;  few c o a r s e  p o r e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  few s m a l l  s h e l l s ,  c l e a r  wavy boundary;  

24-40 c m :  A13 h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ;  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  sandy loam; weak c o a r s e  t o  medium 
s u b a n g u l a r  b locky ;  f i r m ,  ve ry  f r i a b l e ,  n o n s t i c k y ;  few 
c o a r s e  p o r e s ;  s t r o n g l y  e f f e r v e s c e n t ;  few 1-5 c m  s t o n e s ,  
c l e a r  wavy boundary;  

40-60 c m :  B24 h o r i z o n ;  5 ~ ~ / 4 / 3  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 2  da rk  
r e d d i s h  brown; sandy c l a y  loam; modera te  c o a r s e  t o  
medium s u b a n g u l a r  blocky:  f i r m ,  f r i a b l e ,  nons t i cky :  few 
c o a r s e  p o r e s ;  s t r o n g l y  e f f e r v e s c e n t :  s o f t  powdery 
d i s s e m i n a t e d  CaC03 and 5% 1-4 mm masses of CaC03; 
common f i n e  r o o t s :  c l e a r  wavy boundary: 

60-70 cm: B 2 2  h o r i z o n ;  1 0 ~ ~ / 5 / 3  pale brown (dry), 1 0 ~ ~ / 4 / 3  brawn 
( m o i s t ) ;  loam; modera te  c o a r s e  t o  medium s u b a n g u l a r ,  
b locky ;  f i r m ,  ve ry  f r i a b l e ,  n o n s t i c k y :  5-10% g r a v e l s ,  

S lope:  s l o p e  1-2% and  very  long 

Vege ta t ion :  V e g e t a t i o n  c o v e r  o f  20% o f  Aousdameir, d a r a f ,  
a c a c i a  (-2 m ) ,  

Comment : t h e  A h o r i z o n  i s  C o l i a n  sand o v e r  l a c u s t r i n e  sed iments ;  
t h e  sand  i s  eroded i n t o  r i l l s ,  t h e y  r e p r e s e n t  35% o f  
t h e  a r e a  w i t h  a d e p t h  of 30 c m  

C l a s s i f i c a t i o n :  f i n e  loamy mixed hyper the rmic  T y p i c  Camborthid 



HADKODLEY 

S i t e  N o .  24  

L o c a t i o n :  256.6 E  
1235 .7  N 

0-10 c m :  A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  s andy  loam; weak medium t o  f i n e  s u b a n q u l a r  
b l o c k y  s t r u c t u r e ;  loose, f r i a b l e ,  n o n s t i c k y ;  few f i n e  
roots; s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  bounda ry ;  

10-20 cm:  B 1  h o r i z o n :  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brawn 
(mois t ) ;  s a n d y  c l a y  loam; s t r o n a  l a r g e  t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ;  n o n s t i c k y ;  
s e c o n d a r y  powdery CaC03 s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
boundary  ; 

20-40 c m :  B 2  h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brawn ( m o i s t ) :  s andy  c l a y  loam; m o d e r a t e  l a r g e  t o  
medium b r e a k i n g  t o  f i n e  s u b a n q u l a r  b l o c k y  s t r u c t u r e ;  
loose; f r i a b l e ,  n o n s t i c k y ;  f i n e  powdery and  i n d u r a t e d  1 
t o  4  mm common CaC03; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  
a n d  i r r e g u l a r  bounda ry ;  

40-60+ c m :  C h o r i z o n ;  1 0 ~ ~ / 3 / 3  d a r k  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  d a r k  
g r e y i s h  brawn ( m o i s t ) :  g r a v e l l y  sandy  c l a y  loam; weak 
medium t o  f i n e  s u b a n g u l a r  b l o c k y ;  loose; f r i a b l e ,  
n o n s t i c k y ;  1 t o  10 mm i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  30% g r a v e l s ,  cobbles 1 t o  10  c m  i n  0  a n d  
s l o p e  r a n g e s  3-8% 

V e g e t a t i o n :  ( s a l v a d o r a  p e r s i c a e ,  cympobogon, "Aurdawood") 

comments: o c c u r s  i n  decomposed metamorphic  rock  

L o c a t i o n :  a t  a b o u t  600 m n o r t h  o f  DAEDAE and  a t  300 m o f  s o u t h  
Hadkode l y  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Camborthid  



S i t e  N o .  7 6  

L o c a t i o n :  244.2 E 
1341.3 N 

0-20 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  loam weak medium t o  f i n e  s u b a n g u l a r  and  
a n g u l a r  b l o c k y  s t r u c t u r e ;  s l i g h t l y  f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  s o f t  powdery 
a n d  f i n e  d i s s e m i n a t e d  CaC03; c l e a r  and  wavy bounda ry ;  

20-50+ c m :  Bca h o r i z o n :  1 0 ~ ~ / 5 / 2  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 4 / 2  d a r k  
g r a y i s h  brown ( m o i s t ) ;  loam; m o d e r a t e  medium t o  f i n e  
s u b a n g u l a r  and  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  CaC03 and  5% 1 mm s o f t  CaC03, 

S u r f  ace :  20% c o b b l e s  and  s t o n e s  and  8 G %  g r a v e l  

I n c l u s i o n s  : 10% wa te rways  w i t h  20-3- c m  s a n d  o n  t h e  s u r f a c e ,  5% 3  
t o  5 %  s l o p e s  a l o n g  some wad i s  ( l i t h i c  v a r i a n t )  

S l o p e :  1% 

P o s i t i o n :  P l a t e a u  

P a r e n t  M a t e r i a l :  e o l i a n  loess and bombs ( v o l c a n i c )  

V e g e t a t i o n :  b a r r e n  

E r o s i o n :  s h e e t  and  wind e r o s i o n  
0 

Tempera tu re :  33.3 C 

C l a s s i f i c a t i o n :  coarse loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



HALBISSOYTA 

S i t e  No. 7 7  

Location: 199 E 
1297 N 

No sample taken 

Same a s  No. 28 MINKILLE 

C lass i f i ca t ion :  coarse loamy mixed hyperthermic Pachic Ca l c iu s to l l  



HARAEIDE 

S i t e  No. 32 

L o c a t i o n :  186.2 E 
1225.7 

0-10 cm:  A h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  brawn ( d r y ) ,  7 . 5 ~ ~ 1 4 1 4  brown ( m o i s t ) ;  
s andy  c l a y  loam; weak medium t o  f i n e  a n g u l a r  b l o c k y  
s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ;  l o o s e  f r i a b l e ,  
n o n s t i c k y ;  c l e a r  and  wavy boundary ;  

10-25 c m :  B h o r i z o n ;  5 ~ ~ 1 3 1 3  d a r k  r e d d i s h  brown ( d r y ) ,  5 ~ ~ 1 3 1 2  d a r k  
r e d d i s h  brown ( m o i s t )  ; s a n d y  c l a y  loam; m o d e r a t e  c o a r s e  
t o  medium a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  and wavy 
boundary ;  

2b-60+ c m :  C h o r i z o n ;  5 ~ ~ / 3 / 2  d a r k  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 5 / 2  d a r k  
r e d d i s h  brown ( m o i s t ) ;  s andy  c l a y  loam; s t r o n g  c o a r s e  
t o  medium a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  

S u r f  ace :  The s u r f a c e  h a s  40% wave wash g r a v e l  a s  a  d e s e r t  
pavement  

S lope :  S l o p e s  f rom 1 t o  5% 

P o s i t  i o n :  P a r t  o f  t h e  l a c u s t r i n e  p l a i n  o f  GOBAAD 

V e g e t a t i o n :  S o i l  i s  b a r r e n ;  g r a s s  a n d  a c a c i a  on  t h e  s a n d  d u n e s  
a n d  t h e  wadi  

Comment: Has a b o u t  10% d u n e s  from 50 cm t o  4  m ,  t h e  E h o r i z o n  i s  
t o o  weak f o r  a  cambic  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  



Comment: 

HARRALOL 

S i t e  No. 92 

Location:  220 E 
1317 N 

S a l t  Marsh. Couldn ' t  l and  t h e  h e l i c o p t e r ,  a l l  of 
t h e  playa had 5-20 c m  of water .  S a l t  cover on s i d e s .  



HERRIYA 

S i t e  N o .  6  

L o c a t i o n :  297.7 E 
1370.3 N 

0-50+ cm:  Cca h o r i z o n ;  1 0 ~ ~ / 6 / 2  l i g h t  brownish  g r a y  ( d r y ) ,  1 0 ~ ~ / 5 / 2  
g r a y i s h  brown ( m o i s t ) ;  g r a v e l l y  sandy loam; 
s t r u c t u r e l e s s ;  loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  t h i n  c o a t i n g  o f  CaC03 o n  t h e  g r a v e l  and  
s t o n e s  1-2 c m  c o n c r e t i o n s  of  CaC03; a b o u t  10% g r a v e l  
and  40% s t o n e s .  

S u r f  ace :  25% b o u l d e r s  and  40% g r a v e l  

I n c l u s i o n s :  20% rock  o u t c r o p ,  15% t a l u s  s l o p e  

S lope :  6-15% ( r o l l i n g )  

P o s i t i o n :  f o o t  s l o p e  

P a r e n t  M a t e r i a l :  b a s a l t  and  r h y o l i t e  

V e g e t a t i o n :  2% a c a c i a  i n  t h e  waterways  

E r o s i o n :  w a t e r  e r o s i o n  
0 

Tempera ture :  31.3 C 

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



HOLL-HOLL 

S i t e  No. 67 

Loca t ion :  273.6 E 
1250.7 N 

0-20 c m :  A h o r i z o n :  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brawn ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  
brown ( m o i s t ) :  v e r y  g r a v e l l y  sandy c l a y  loam: weak f i n e  
s u b a n g u l a r  b locky  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  many f i n e  r o o t s ;  60% 3  t o  10 cm. a r a v e l s ;  1 t o  4  
mm f i n e  powdery d i s s e m i n a t e d  and i n d u r a t e d  CaC03: 
medium c o a t i n g  of  CaC03 on t h e  g r a v e l s  and t h e  s t o n e s ;  
s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  and d i f f u s e d  boundary; 

20-50 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  da rk  y e l l o w i s h  
brown ( m o i s t ) ;  ve ry  g r a v e l l y  sandy c l a y  loam; weak f i n e  
g r a n u l a r  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  s l i g h t l y  s t i c k y :  80% 
g r a v e l s ;  s o i l  f i l l i n g  i n t e r s t i c e s ;  common f i n e  and a  
few c o a r s e  r o o t s ;  1 t o  4  mm f i n e  powdery d i s s e m i n a t e d  
and i n d u r a t e d  CaC03; medium c o a t i n g  o f  CaC03 o n  a l l  
p a r t s  o f  t h e  r o c k s ;  s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  
and d i f f u s e d  boundary;  

50-200+ cm: I ICca  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  
s t r o n g  brown ( m o i s t ) ;  g r a v e l l y  sandy c l a y  loam: 30% 
v o l c a n i c  co l luv ium g r a v e l  p l u s  20% 1 t o  15  mm of  
i n d u r a t e d  CaC03; from 120 c m  t o  t h e  bot tom 10% 1 t o  10 
mm of  s o f t  powdery CaC03 r e p r e c i p i t a t e d  from above; few 
CaC03 c o a t i n g  on  t h e  rock  f ragment  f a c e s ;  s t r o n q l y  
e f f e r v e s c e n t ;  

S u r f a c e :  70% b o u l d e r s  and c o b b l e s  on t h e  s u r f a c e ;  

I n c l u s i o n s :  t h i s  s o i l  o c c u p i e s  35% o f  t h e  a r e a  and a  t h i n n e r  s o i l  
o c c u p i e s  30% o f  t h e  a r e a .  

S lope :  45 t o  70% s l o p e s  

P a r e n t  M a t e r i a l :  l a v a  o u t c r o p s  30% 

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  on t h i s  s o i l  and t h e  o t h e r  s o i l  
a b o u t  less t h a n  5% v e g e t a t i o n ;  

Comment: on t h e  s o u t h  s i d e  of  t h e  road  and t h e  . south  bank of  
t h e  HOLL-HOLL r i v e r  and a t  150 m w e s t  o f  t h e  m i l i t a r y  
s c h o o l .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



HOUMBOULI 

S i t e  No. 86 

Location:  295.9 E 
1278.1 N 

On sur face :  Ag 

0-6 cm: d e s e r t  pavement. F l u v i a l  g rave l s  and cobbles.  

4-12 cm: A horizon;  brawn 1 0 ~ ~ / 5 / 3  ( d r y ) ,  and dark gray ish  brown 
1 0 ~ ~ / 4 / 2  no s t r u c t u r e  ( l o o s e ) ,  sand, r a r e  roo t s ,  
Ph 7.5 

12-40-t cm: brown 7 . 5 ~ ~ / 5 / 4  ( d r y )  and dark brawn 7 1 5 ~ ~ / 4 / 4  ( w e t ) ;  
loose;  few f i n e  r o o t s ;  few cobbles (5-10%) pH 8- 
8.4 

Slope: 1% 

Vegetation:  a c a c i a  t o r t i l i s  - "kulan" 

Erosion: wind 

C l a s s i f i c a t i o n :  mixed hyperthermic Typic Torripsamment 



INAEITO 

A . D .  /J.G./F.o. 

S i t e  No. 6 9  

L o c a t i o n :  202.3  E 
1336 .8  N 

0-16 c m :  A h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) :  1 0 ~ ~ / 4 / 4  
d a r k  y e l l o w i s h  brown ( m o i s t )  ; s i l t y  loam; m o d e r a t e  
medium t o  f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  many f i n e  p o r e s :  c l e a r  
wavy boundary  ; 

16-50+ c m :  B h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  brown ( d r y ) ,  7 . 5 ~ ~ 3 1 4  d a r k  brown 
( m o i s t ) ;  loam; weak medium s u b a n g u l a r  a n d  a n g u l a r  
b l o c k y ;  f i r m  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  

S u r f a c e :  90% c o b b l e s  and  b o u l d e r s  

I n c l u s i o n s :  10% l a v a  o u t c r o p ,  t h i c k  b o u l d e r s  (20-40% ) 

S l o p e :  3-8% 

P o s i t i o n :  l a v a  p l a t e a u  

V e g e t a t i o n :  r a re  5% a e a c i u  i n  t h e  wa te rways  

E r o s i o n :  g u l l y  e r o s i o n  
0 

T e m p e r a t u r e :  31.9 C 

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id  



JABAN EAS 

S i t e  N o .  52 

L o c a t i o n :  290.3 E 
1277 .8  N 

0-5 c m :  A  h o r i z o n ;  y e l l o w i s h  r e d  5 ~ ~ / 5 / 6  ( d r y )  r e d  2 . 5 ~ ~ / 4 / 6  ( w e t ) ;  
loose, 90% c o b b l e s  and  b o u l d e r s ;  c l e a r  boundary :  

5-19 c m :  B 1  h o r i z o n ;  y e l l o w i s h  r e d  5 ~ ~ / 5 / 6  ( d r y )  and  r e d  2 . 5 ~ ~ / 4 / 6  
( w e t ) ;  c l a y  loam v e r y  f i n e ,  weak q r a n u l a r  s t r u c t u r e :  
f r i a b l e  ( w e t )  and  l o o s e  ( d r y ) ;  v e r y  f i n e  roots; p H  8 . 4  
c l e a r  bounda ry ,  

19-49+ c m :  B2ca h o r i z o n ;  r e d  2 . 5 ~ ~ / 4 / 8  ( d r y )  r e d  2 . 5 ~ ~ / 3 / 6  ( w e t ) ;  
g r a v e l l y  c l a y  loam: m o d e r a t e  f i n e  s u b a n g u l a r  s t r u c t u r e ;  
c o n s i s t e n c e :  l o o s e ;  10% 7 . 5 ~ ~ / 3 / 1  powdered 1 t o  5  mm 
s e c o n d a r y  CaC03; v e r y  f i n e  r o o t s .  

I n c l u s i o n s :  b i g  rock  o u t c r o p s  o f  b a s a l t  ( 2 % )  

S l o p e :  2  t o  3% 

V e g e t a t i o n :  A c a c i a s  5% c o v e r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  C a l c i o r t h i d .  



KADDA MOUS 

S i t e  No. 34  

L o c a t i o n :  230.2 E 
1 3 7 3 . 1  N 

0-40 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  d a r k  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  v e r y  b o u l d e r y  loam; 50% r o c k  and  b o u l d e r s ;  20% 
s t o n e s  and  c o b b l e s ,  15% g r a v e l ;  n o  s t r u c t u r e ;  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i c k  
c o n t i n u o u s  CaC03 c o a t i n g s  on  rock  f r a g m e n t s ;  cormon 
medium r o o t s ;  i r r e g u l a r  bounda ry ;  

4 0  c m :  r ock  

S u r f a c e :  70% r o c k s  and  b o u l d e r s ,  30% c o b b l e s  a n d  g r a v e l  

I n c l u s i o n s  : 1 0 %  p l a y a s  a n d  l e v e l  a c c u m u l a t i o n  z o n e s  of  1 t o  5  
h e c t a r e s ,  20-30% rock  o u t c r o p s  15% t h i c k e r  s o i l  a t  f o o t  
o f  s l o p e ,  

S l o p e :  12 % 

P o s i t i o n :  s i d e  s l o p e  on l a v a  f l o w  

P a r e n t  M a t e r i a l :  l a v a  t a l u s  and  e o l i a n  f i l l e r  

V e g e t a t i o n :  1% 1 m a c a c i a  

E r o s i o n :  m o d e r a t e  g u l l y  
0 

Tempera tu re :  32.3  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



KADDA OUDLI 

S i t e  No. 98  

Loca t ion :  293.9 E 
1380.3 N 

0-8 cm: A l l  h o r i z o n ;  7 . 5 ~ ~ / 7 / 4  p ink ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  b r w n  ( m o i s t )  ; 
very  g r a v e l l y  loamy sand;  70% g r a v e l ;  s t r u c t u r e l e s s ;  
l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  e f f e r v e s c e n t ;  c l e a r  
boundary ; 

8-30 cm: A12 h o r i z o n ;  7 . 5 ~ ~ / 7 / 5  p ink  ( d r y ) ,  7 . 5 ~ ~ / 5 / 6  s t r o n g  b r w n  
( m o i s t ) ;  v e r y  g r a v e l l y  loamy sand ,  75% g r a v e l ;  
s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  s l i g h t l y  
e f f e r v e s c e n t ;  t h i n  pa tchy  CaC03 c o a t i n g  on t h e  g r a v e l ;  
c l e a r  wavy boundary;  

30-50+ cm: C h o r i z o n ;  5 ~ ~ / 6 / 4  l i g h t  r e d d i s h  b r w n  ( d r y ) ,  5 ~ ~ / 5 / 6  
y e l l o w i s h  r e d  ( m o i s t )  ; g r a v e l y  loamy sand;  
s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  s l i g h t l y  
e f f e r v e s c e n t ,  

I n c l u s i o n s :  ( s o i l  u n i t s )  t h i s  u n i t  i n c l u d e s  20-308 wadi channe l s  
w i t h  s a n d  dunes  50 c m  h i g h  on 30% o f  t h e  a r e a  on t h e  
c o l l u v i a l  s l o p e  on r h y o l i t e .  

P o s i t i o n :  T h i s  d e s c r i p t i o n  i s  50 y a r d s  from t h e  mountain;  
t h u s  more g r a v e l l y  t h a n  some km f a r t h e r .  

V e g e t a t i o n :  r a r e  ( a c a c i a ,  5% h e r b s  i n  t h e  waterways)  

Eros ion :  r i l l  e r o s i o n  due t o  long  s t r a i g h t  s l o p e  a  h a z a r d .  
0 

Temperature:  32.2 C 

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed hyper the rmic  T y p i c  T o r r i o r t h e n t .  



KALLOLOU 

S i t e  N o .  8 5  

L o c a t i o n :  249.7 E 
1218.2 N 

0-50 c m :  C h o r i z o n ;  1 0 ~ ~ / 3 / 3  d a r k  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  
d a r k  g r a y i s h  brown ( m o i s t ) ;  s t o n y  s a n d ;  s t r u c t u r e :  
none;  loose, f r i a b l e ,  n o n s t i c k y ;  50% p r a v e l  and  
s t o n e s ;  m o d e r a t e l y  e f f e r v e s c e n t ;  few f i n e  woody 
roots. 

S u r f  ace :  30% s t o n e s  and  b o u l d e r s .  70% g r a v e l  

I n c l u s i o n s :  20% s t r e a m  c h a n n e l s  

S l o p e :  3 8 

P o s i t i o n :  d e l t a  

P a r e n t  M a t e r i a l :  a l l u v i u m  

V e g e t a t i o n :  20% 1 . 5  t o  2  m h i g h  a c a c i a  t o r t i l i s  

E r o s i o n :  f r e q u e n t  f l o o d i n g  
u 

T e m p e r a t u r e :  32.8  C 

C l a s s i f i c a t i o n :  s andy  s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i f l u v e n t .  



KENANNABA 

S i t e  N o .  6 2  

L o c a t i o n :  297.8 E 
1387 .8  N 

0-6 c m :  A l l  h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  b r m n  
( m o i s t ) ;  g r a v e l l y  s a n d ;  s t r u c t u r e l e s s ;  loose, v e r y  
f r i a b l e ,  n o n s t i c k y ;  e f f e r v e s c e n t ;  c l e a r  smooth 
bounda ry  few f i n e  r o o t s ,  

8-30 c m :  A12 h o r i z o n ;  7 . 5 ~ ~ / 6 / 4  l i g h t  brown ( d r y ) ,  7 .5  ~ ~ / 4 / 4  
brown ( m o i s t )  ; g r a v e l l y  s a n d ;  s t r u c t u r e l e s s ;  
100s e, v e r y  f r i a b l e ,  n o n s t i c k y ;  e f f e r v e s c e n t ;  t h i n  
p a t c h y  c o a t i n g  o n  t h e  g r a v e l ;  few woody roots; 
c l e a r  smooth boundary .  

30-50 c m :  C h o r i z o n ;  g r a v e l ;  l a m i n a t e d ,  s t r a t i f i e d .  

I n c l u s i o n s :  30-40% on  waterways  w i t h  s a n d  d u n e s  (20-50 c m  
h i g h )  c o v e r i n g  3G-40% o n  waterways .  

S l o p e :  0-1% 

V e g e t a t i o n :  woody b u s h  i n  t h e  wate rways  

E r o s i o n :  r i l l  a n d  s h e e t  e r o s i o n  h a z a r d  
0 

Tempera tu re :  33 C 

C l a s s i f i c a t i o n :  s andy  s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



KOLALOHO 

S i t e  N o .  3  

L o c a t i o n :  264.4 E 
1269 .6  N 

0-45 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( m o i s t ) ,  1 0 ~ ~ / 5 / 3  brown ( d r y )  ; 
v e r y  g r a v e l l y  loam; 60% g r a v e l  and  s t o n e s ;  weak f i n e  t o  
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  f i n e  
d i s s e m i n a t e d  CaC03 and  t h i n  c o a t i n g  o f  CaC03 o n  g r a v e l  
a n d  s t o n e s ;  few f i n e  woody roots; h i g h l y  f r a c t u r e d  
r c c k s ,  

45+ c m :  C h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  brown ( m o i s t ) ;  loam 

S u r f a c e :  50% b o u l d e r s  and  s t o n e s ,  s o i l  t h i c k n e s s  v a r y i n g  
f rom 10 t o  50  c m .  

S l o p e :  3  t o  5% s l o p e  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r :  1 t o  2% ( "  j i r m e ,  " a c a c i a  r a d i a n a .  . . ) 
C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r r n i c  L i t h i c  T o r r i o r t h e n t .  



KOUHOULLI 

S i t e  N o .  8 4  

L o c a t i o n :  245.4 E 
1345.2 N 

0-5 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  
d a r k  g r a y i s h  brown (mois t ) ;  30% g r a v e l ;  g r a v e l l y  sandy 
loam; weak medium t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
f i n e  d i s s e m i n a t e d  CaC03 and  s o f t  powdery and t h i n  
c o a t i n g  o f  CaC03 o n  t h e  g r a v e l ;  c l e a r  and  wavy 
boundary ; 

5-30 c m :  C 2 l c a  h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  brown 
( m o i s t ) ;  v e r y  cobb ly  sandy loam; s t r u c t u r e :  none; 50% 
c o b b l e s  a n d  30% g r a v e l :  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t :  f i n e  d i s s e m i n a t e d  and  
t h i n  c o a t i n g  o f  CaC03 o n  t h e  q r a v e l  and cobbles: c l e a r  
and  wavy boundary ;  

30-50+ c m :  C22ca h o r i z o n ;  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ,  
1 0 ~ ~ / 5 / 4  y e l l o w i s h  brawn ( m o i s t )  : v e r y  g r a v e l l y  sand:  
s t r u c t u r e :  none: 60% g r a v e l ;  loose, f r i a b l e ,  n o n s t i c k y :  
s t r o n g l y  e f f e r v e s c e n t ;  t h i n  CaC03 c o a t i n g  on  t h e  
g r a v e  1. 

S u r f a c e :  30% cobbles and  90% g r a v e l  and  p e b b l e s  

I n c l u s i o n s :  10% r o c k  o u t c r o p ,  10% l i t h i c  v a r i a n t  

S l o p e :  3  t o  5% 

P o s i t i o n :  f o o t  s l o p e  a l o n g  t h e  p l a t e a u  

P a r e n t  M a t e r i a l :  Col luvium 

V e g e t a t i o n :  1% b u s h e s  

E r o s i o n :  g u l l y  and  wind e r o s i o n  
0 

Tempera ture :  29.6 C  

C l a s s i f i c a t i o n :  sandy s k e l i t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



KOUTABBOUYYA 

S i t e  N o .  65  

L o c a t i o n :  167 .1  E 
1274.2 N 

0-20 cm: A h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  
v e r y  d a r k  g r a y i s h  brawn (moist)  ; s a n d ;  s t r u c t u r e :  
none;  loose; v e r y  f r i a b l e ;  s t r o n g l y  e f f e r v e s c e n t ;  
a  few l a c u s t r i n e  s h e l l s ;  g r a d u a l  and  smooth boundary  

20-42+ c m :  Ccahor i zon ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  
1 0 ~ ~ / 3 / 2  v e r y  d a r k  g r a y i s h  b r o w n  ( m o i s t ) :  s a n d ;  
s t r u c t u r e :  none;  l o o s e ,  v e r y  f r i a b l e ;  l a m i n a t e d  
l a y e r s ;  s n a i l  s h e l l s ;  s t r o n g l y  e f f e r v e s c e n t ,  

S u r f  ace :  B a r r e n  

S l o p e s :  Long s l o p e s  o f  1 t o  3% a n d  10-208 o f  8-108 s l o p e s  

P o s i t i o n :  L a c u s t r i n e  p l a i n  

V e g e t a t i o n :  dwarf  

Comments: S o i l  c o v e r i n g  an  e x t e n s i v e  a r e a ,  30% c o v e r  o f  s a n d  
d u n e s  h a v i n g  g r a s s .  Sand dunes  from 50 c m  t o  125 
c m  h i g h .  Some r e g i o n s  have  s a n d  dunes  t o  3  m h i q h  
o v e r  35% o f  t h e  a r e a ,  

C l a s s i f i c a t i o n :  sandy mixed h y p e r t h e n i c  T y p i c  T o r r i o r t h e n t  



KOUTABBOUYYA 

S i t e  No. 1 0  

L o c a t i o n :  116.9  E 
1221 .7  N 

Land Type:  Marl 

0-15 c m :  S a n a  e o l i a n  

15-40 cm: s a n d y  c o l l u v i u m  o v e r  m a r l  

S u r f a c e :  B a r r e n  

S l o p e :  10 % 

E r o s i o n :  many s m a l l  g u l l i e s  o n  t h e  o ld  p l e i s t o c e n e  l a k e  
b o t t o m  



LAC ASSAL 

SITE NO. 73 

LOCATION: 215.7 E 
1284.7 N 

Land Type: Marl 

Comments: S teep  s l o p e  t h i n  rubb le  covered rock ba r r en  of 
vege ta t ion .  Very s t eep .  Assal  c l i m a t e  zone. The 
lower s lopes  a r e  high marly,  qyps i fe rous  
l a c u s t r i n e  sands.  They a r e  b a r r e n  of vege t a t i on ,  
very s t e e p  and h o t .  Highly d i s s e c t e d .  Very 
windy. Both a r e  miscel laneous land type .  



LAHI DADDAEO 

S i t e  N o .  9 

L o c a t i o n :  273.6 E 
1317 .8  N 

0-15 cm: A 1  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  b r w n  
( m o i s t ) ;  g r a v e l l y  loam; weak medium and  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  many f i n e  
roots,  30% g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
i r r e g u l a r  bounda ry ;  

15-30 c m :  A3 h o r i z o n ;  7 . 5 ~ ~ ~ / 6 / 4  l i g h t  brawn ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  s t r o n g  
brown ( m o i s t ) ;  c l a y  loam; weak and  m o d e r a t e  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  many f i n e  f i b r o u s  roots; 
25% w e a t h e r e d  r o c k s ;  g r a d u a l  d i f f u s e d  bounda ry ,  

30-45 cm: C h o r i z o n ;  5 ~ ~ / 5 / 4  r e d d i s h  brawn ( m o i s t ) ;  s a n d y  c l a y  loam; 
weak medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  common f i n e  
woody r o o t s ;  25-30% w e a t h e r e d  r o c k s ;  w h i t e  masses o f  
d e c a y e d  r o c k s ;  g r a d u a l  d i f f u s e d  bounda ry ,  

4 5  c m :  Rock 

S u r f a c e :  60% g r a v e l  a n d  c o b b l e s ,  10% b o u l d e r s  

I n c l u s i o n s :  20% r o c k  o u t c r o p ,  30% o f  t h i c k e r  s o i l  ( l o w e r  s l o p e )  

S  l o p e :  25% 

Pos i t  i o n  : s i d e  s l o p e  

P a r e n t  M a t e r i a l :  c o l l u v i u m  a n d  r h y o l i t e  

V e g e t a t i o n :  20% g r a s s ,  5% h e r b s ,  few b r u s h e s  ( 3  m h i g h )  

E r o s i o n :  ' S e v e r e  g u l l y  e r o s i o n  
0 

Tempera tu re :  25 .5  C 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  



LAMMOUDLEY 

SITE NO. 36 

Locat ion:  264.2 E 
1221.8 N 

0-3 c m :  A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l w i s h  brown ( d r y ) ,  1 0 ~ ~ / 4 / 4  d a r k  
y e l l o w i s h  b r w n  ( m o i s t ) ;  g r a v e l l y  loamy sand;  no  
s t r u c t u r e ;  l o o s e ,  very  f r i a b l e ,  n o n s t i c k y ;  common f i n e  
woody r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  i r r e g u l a r  
boundary , 

3-25 c m :  A12 h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  b r w n  ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  ve ry  dark  
b r w n  ( m o i s t ) ;  very s t r o n g  sandy loam; f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  70% s t o n e s  and 
g r a v e l ;  t h e  s o i l  f i l l s  t h e  i n t e r s t i c e s ;  medium woody 
r o o t s .  

S lope :  18% 

Comment : F r a c t u r e d  rocks  

P a r e n t  M a t e r i a l :  20% rock o u t c r o p ,  50% co l luv ium 

V e g e t a t i o n :  10% v e g e t a t i o n :  mainly " s a l l e l "  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper thyermic  L i t h i c  T o r r i o r t h e n t  



MAARIGI 

S i t e  No. 1 

L o c a t i o n :  286.3 E 
1323.8 N 

0-23 c m :  A h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  brown ( m o i s t ) ;  g r a v e l l y  c l a y  loam; 
m o d e r a t e  medium and  c o a r s e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
f i r m ,  s l i g h t l y  f r i a b l e ,  s t i c k y ;  common woody r o o t s ;  n o t  
e f f e r v e s c e n t ;  m o t t l e d  g r a y i s h  brawn and  r e d d i s h  brown; 
c l e a r  i r r e g u l a r  boundary ;  

23-65 c m :  C h o r i z o n ;  7 . 5 ~ ~ 1 5 1 2  brown ( m o i s t ) ;  g r a v e l l y  c l a y  loam: 60% 
g r a v e l ;  s t r u c t u r e l e s s ;  h a r d ,  f i r m ,  s t i c k y ;  n o t  
e f f e r v e s c e n t ;  few medium woody r o o t s ;  g r a d u a l  
i r r e g u l a r  boundary ;  

60-110+ c m :  C2 h o r i z o n ;  1 0 ~ ~ / 6 / 2  l i g h t  brownish  g r a y  ( m o i s t ) ;  
g r a v e l l y  loam; 60% g r a v e l ;  n o t  e f f e r v e s c e n t .  

S u r f a c e :  60% g r a v e l ,  15% s t o n e s  and  b o u l d e r s  

I n c l u s i o n s :  10% r o c k  o u t c r o p  

S lope :  5-7% 

P o s i t i o n :  p l a t e a u  

P a r e n t  M a t e r i a l :  decayed  rock  

V e g e t a t i o n :  20-25% g r a s s ,  10% h e r b s ,  5% b u s h e s  t o  3 m ( s a r m a n )  

E r o s i o n :  s e v e r e  g u l l y  
0 

Tempera ture :  26.6 C  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



MAGABBALA 

S i t e  N o .  55 

L o c a t i o n :  211.8E 
1359.6 N 

0-30 cm: A h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 5 / 4  y e l l o w i s h  
brown ( m o i s t ) ;  v e r y  c o b b l y  loam; 60% cobbles and  
s t o n e s ,  15% g r a v e l ;  weak medium and  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  v e r y  f r a g i l e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  and  medium 
woody r o o t s ;  c o n t i n u o u s  CaC03 c o a t i n g s  on t h e  rock  
f r a g m e n t s ;  

S u r f a c e :  60% s t o n e s ,  b o u l d e r s ,  40% cobbles and  q r a v e l  

I n c l u s i o n s :  40% rock  o u t c r o p ,  15% t y p i c  v a r i a n t  

S l ope :  8-108 

P o s i t i o n :  S i d e  s l o p e  

P a r e n t  M a t e r i a l :  l a v a  t a l u s  and  e o l i a n  

V e g e t a t i o n :  5% 50 c m  t o  2 m s h r u b s  ( a c a c i a ,  h e r b s )  

E r o s i o n :  g u l  l y  e r o s i o n  
0 

Tempera tu re :  35.4 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



S i t e  N o .  2 1  

L o c a t i o n :  208.7 E 
1230.3 N 

0-24 c m :  A 1  h o r i z o n ;  5 ~ ~ / 5 / 3  brown ( d r y ) ,  7 . 5 ~ ~ 1 4 1 2  d a r k  brown 
(moist); g r a v e l l y  s a n d ;  s t r u c t u r e :  none:  l o o s e ,  v e r y  
f r i a b l e ,  n o n s t i c k y ;  70% g r a v e l  and  s t o n e  o f  4-10 c m ;  
s t r o n g l y  e f f e r v e s c e n t :  CaC03 o n  a l l  p a r t s  o f  t h e  
g r a v e l ;  smooth and  c l e a r  bounda ry ;  

24-40 cm: B2a h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brawn ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  s t r o n q l y  brown 
( m o i s t ) ;  s i l t y  c l a y  loam; weak c o a r s e  t o  medium a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  2-10 
c m  CaC03 c o n c r e a t i o n s  a n d  s o f t  powdery CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  i r r e g u l a r ,  d i f f u s e d  bounda ry ;  

40-90 cm: B3ca h o r i z o n ;  7 . 5 ~ ~ / 4 / 6  s t r o n g  brown ( d r y )  5 ~ ~ / 5 / 6  
y e l l o w i s h  r e d  ( m o i s t ) ;  s i l t  loam; m o d e r a t e  medium t o  
f i n e  a n g u l a r  b l o c k y ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  a n d  d i f f u s e d  bounda ry ;  

90-120+ c m :  Cca h o r i z o n ;  1 0 ~ ~ / 8 / 1  w h i t e  ( d r y ) ,  1 0 ~ ~ / 8 / 4  p a l e  y e l l a w  
( m o i s t ) ;  s andy  c l a y  loam; u n c o n s o l i d a t e d  l a c u s t r i n e  
m a r l ,  

S u r f a c e :  c o v e r e d  w i t h  60% s t o n e s  and  c o b b l e s  v o l c a n i c  bombs a n d  
rounded  l a c u s t r i n e  g r a v e l  o f  q u a r t z ,  c a l c i t e  a n d  
j a s p e r .  

I n c l u s i o n s :  P l e i s t o c e n e  l a k e  s e d i m e n t s  

S l o p e :  S l o p e s  r a n g e  f rom 5  t o  25% 

V e g e t a t i o n :  3% v e g e t a t i o n  c o v e r :  a c a c i a  (1 -1 .5  m )  a n d  Aousdameir  

Comment: S o i l  formed on d i s s e c t e d  l a c u s t r i n e  m a r l .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



S i t e  No. 41 

Location: 262.8 E 
1346.4 N 

Surf ace: no s o i l  

Inclusions:  40-50% pediment s o i l s  on t h e  lower s lopes  

Slope: 15% 

Posi t ion:  upper p a r t  of t h e  s lope  on edge of lava p la teau  

Parent  Mater ial :  rock outcrop 

Vegetation: l e s s  than 1% shrubs 

Erosion: Severe water and w i n d  



M I N K I U E  

S i t e  N o .  28 

L o c a t i o n :  167 .4  E 
1292 .4  N 

0-10 c m :  A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
(moist)  ; g r a v e l l y  loam; s t r u c t u r e :  none; loose, 
v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  a n d  wavy bounda ry ;  

10-30 c m :  A12 h o r i z o n ;  1 0 ~ ~ / 3 / 2  v e r y  d a r k  g r a y i s h  brown ( d r y ) ;  
1 0 ~ ~ / 2 / 1  b l a c k  ( m o i s t ) ;  s t o n e y  loam; weak medium t o  
f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  i r r e g u l a r  and  d i f f u s e d  
boundary  ; 

30-50+ c m :  B h o r i z o n ;  1 0 ~ ~ / 3 / 2  v e r y  d a r k  g r a y i s h  brown ( d r y ) ,  
1 0 ~ ~ / 2 / 1  b l a c k  ( m o i s t ) ;  s t o n y  c l a y  loam; m o d e r a t e  
c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  
e f f e r v e s c e n t ;  h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  

60  c m  ( e s t i m a t e d ) :  CaC03 h o r i z o n  

S u r f a c e :  T h i n  f i n e  g r a v e l  e o l i a n  l a y  ( d e s e r t  pavement )  

I n c l u s i o n s :  I n c l u s i o n s  i n  t h e  h i g h  p l a t e a u  so i l s  

S lope :  S l o p e s  f rom 1-3% 

P a r e n t  M a t e r i a l :  40% c o b b l e s  v o l c a n i c  bombs c o v e r  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r  o f  15% ( m o s t  i n  t h e  wadi ;  b i l c i n ,  
k u l a n ,  quduc  ) ,  

Comments: C o l l u v i a l  s l o p e  i n  a  minor  b a s i n  on  a  l a v a  p l a t e a u  
n e a r  t h e  wadi .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  p a c h i c  C a l c u s t o l l  



MOULLOULI 

S i t e  N o .  72 

L o c a t i o n :  266.3 E 
1348 .3  N 

0-15 cm: A l l  h o r i z o n :  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  bruwn ( d r y ) ,  1 0 ~ ~ / 5 / 4  
y e l l o w i s h  brown ( m o i s t ) ;  v e r y  g r a v e l l y  loam: m o d e r a t e  
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  i r r e g u l a r  
bounda ry ;  

15-35 c m :  A12 h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y )  1 0 ~ ~ / 5 / 4  y e l l o w i s h  
brown ( m o i s t )  ; v e r y  g r a v e l l y  loam; s t r u c t u r e l e s s ;  f i r m ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
c o n t i n u o u s  CaC03 c o a t i n g s  on rock  f r a g m e n t s ;  common 
v e r y  f i n e  r o o t s ;  c lear  i r r e g u l a r  b o u n d a r y ;  

3 5  c m :  f r a c t u r e d  rock  

S u r f  ace: 50% g r a v e l ,  5% s t o n e s  

I n c l u s i o n s :  10% r o c k  o u t c r o p ,  10% t h i c k e r  s o i l  

S l o p e :  1% 

S i m i l a r  S o i l s :  N o .  8 9  

P o s i t i o n :  B a s a l t i c  l a v a  p l a t e a u  

P a r e n t  Material:  e o l i a n a n d  a l l u v i u m  

V e g e t a t i o n :  L e s s  t h a n  1% ( a c a c i a )  

E r o s i o n :  s l i g h t  s h e e t  e r o s i o n  and  wind  e r o s i o n  
0 

T e m p e r a t u r e :  26 .7  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



MOULOUD YAR 

S i t e  No. 6 1  

L o c a t i o n :  230.3E 
1232 .8  N 

0-16 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 2  brawn ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  Orown 
( m o i s t ) ;  g r a v e l l y  s a n d y  c l a y  loam; weak medium t o  f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  q r a d u a l  i r r e g u l a r  
b o u n d a r y ;  

18-47 c m :  A c a  h o r i z o n ;  7 . 5 ~ ~ / 5 / 2  brawn ( d r y ) ,  7 . 5 ~ ~ 1 3 1 2  d a r k  brawn 
( m o i s t ) ;  g r a v e l l y  s andy  c l a y  loam; m o d e r a t e  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ,  2  5% CaC03 a n d  f i n e  
pawdery d i s s e m i n a t e d  and  masses o f  1-3 mm; c lear  
i r r e g u l a r  b o u n d a r y ;  

47-117 c m :  C c a  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ;  1 0 ~ ~ / 3 / 3  d a r k  b r m n  
( m o i s t )  ; g r a v e l l y  l o a m ;  loose v e r y  f r i a b l e  n o n s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  f i n e  d i s s e m i n a t e d  CaC03 a n d  
CaC03 c o a t i n g s  o n  a l l  p a r t s  o f  t h e  r o c k  f r a g m e n t s .  

S u r f a c e :  Cove red  w i t h  d e s e r t  pavement  o f  b o u l d e r s  a n d  
c o b b l e s  ( 6 0 - 7 0 % ) ,  

P a r e n t  Material: S o i l  f o rmed  o n  s t r a t i f i e d  l a v a  f l o w  

P o s i t i o n :  1-3% l o n g  f l a t  s l o p e s  o n  a l l u v i a l  f a n ,  

V e g e t a t i o n :  Aousdamer, a c a c i a  (1-4m),  k u l a n ,  

Comment: F l u v i a l  d e p o s i t s ,  s t r a t a  w i t h  10-50% cbbles a n d  
s t o n e s  a t  6 0 0  m h i g h .  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



OUDLI 

S i t e  No. 30 

L o c a t i o n :  254.9 E 
1346.7 N 

0-40+ cm: CC h o r i z o n ;  1 0 ~ ~ / 3 / 2  v e r y  da rk  g r a y i s h  b r w n  (dry and 
m o i s t )  ; very  g r a v e l l y  loam; s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e  s l i g h t l y  s t i c k y ;  70% g r a v e l  and c o b b l e s ;  common 
medium woody r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  and t h i n  c o a t i n g  of CaC03 on t h e  c o b b l e s  
and g r a v e l .  

S u r f a c e :  80% c o b b l e s  and g r a v e l  and 20% rock o u t c r o p  

I n c l u s i o n s :  40% rock o u t c r o p  and b l u f f s  

S lope:  15% 

P o s i t i o n :  t a l u s  and f o o t  s l o p e  

P a r e n t  M a t e r i a l :  mixed l a v a  f low 

V e g e t a t i o n :  50% c o v e r  of a c a c i a  1 t o  3  m h igh  

Eros ion :  g u l l y  and wind e r o s i o n  
0 

Temperature:  28 .1  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  Typ ic  T o r r i o r t h e n t  



OUEAH 

S i t e  No. 6 8  

L o c a t i o n :  266.4 E 
1274.8 N 

A.D. /J.G./F.o. 

-25 c m  t o  0:  Rock f r a g m e n t s  o n  t h e  s u r f a c e  (10% b o u l d e r s ,  c o b b l e s  
a n d  s t o n e s  40S, g r a v e l s  4 0 % ) ,  

-12 cm: A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 2  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  
b r m n  ( m o i s t ) ;  v e r y  g r a v e l l y  sandy loam; weak medium t o  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e  ( d r y ;  f r i a b l e  
( w e t ) ;  n o n s t i c k y  ( m o i s t ) ;  many f i n e  and  few c o a r s e  
f i b r o u s  r o o t s ;  f i n e  d i s s e m i n a t e d  and  1 t o  4 m m  
i n d u r a t e d  CaC03; s t r o n g l y  e f f e r v e s c e n t ;  60% 
g r a v e l s  and  a b o u t  10% c o b b l e s  and  s t o n e s ;  c l e a r  
and  d i f f u s e  boundary ,  

12-50+ c m :  C h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  da rk  y e l l w i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy loam; weak f i n e  
a n g u l a r  s t r u c t u r e ;  l o o s e ,  f r i a b l e  n o n s t i c k y ;  70% 
g r a v e l s ,  f i n e  d i s s e m i n a t e d  1 t o  4  mm i n d u r a t e d  CaC03, 
c o n t i n u o u s  CaC03 c o a t i n g  on  t h e  r o c k s  s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ;  common f i n e  r o o t s ,  

I n c l u s i o n s :  20% rock  o u t c r o p  

S l o p e :  45% o f  t h e  s l o p e s  a re  o c c u p i e d  by t h i s  s o i l  

S i m i l a r  S o i l :  35% s i m i l a r  l i t h i c  e n t i s o l  

V e g e t a t i o n :  20% o f  b i l c i n  and  qudac  c o v e r  

Comment : C o l l u v i a l  s l o p e  mixed i g n i o u s  r o c k s ,  25 t o  40% o f  
s l o p e s  on  t h e  moun ta ins ,  

L o c a t i o n :  M i l i t a r y  f i r i n g  r a n g e  a t  500 m w e s t  o f  t h e  r o a d  a t  
Queah,  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  
( a b o u t  45% o i f  t h e  a r e a ) ;  loamy s k e l e t a l  mixed 
h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  ( a b o u t  35% o f  t h e  
a r e a ) .  



OUMADA 

S i t e  N o .  4 5  

L o c a t i o n :  296 .1  E 
1251 .5  N 

0-15 c m :  A h o r i z o n ;  5 ~ ~ / 5 / 6  y e l l o w i s h  r e d  ( d r y ) ,  2 . 5 ~ ~ / 3 / 6  d a r k  r e d  
( m o i s t )  ; s i l t  loam; modera t e  c o a r s e  and  medium 
s u b a n g u l a r  b l o c k y ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  common 
f i n e  f i b r o u s  roots ;  s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  wavy 
boundary  ; 

15-31 c m :  B 1  h o r i z o n ;  2 . 5 ~ ~ / 3 / 6  d a r k  r e d  ( m o i s t  and  d r y ) ;  s i l t  loam; 
s t r o n g  c o a r s e  a n d  medium a n g u l a r  b l o c k y  s t r u c t u r e ;  few 
f i n e  f i b r o u s  roots;  s t r o n g l y  e f f e r v e s c e n t ;  2-5 mm s o f t  
powdery CaC03; g r a d u a l  wavy boundary ;  

31-6G c m :  B2 h o r i z o n ;  2 . 5 ~ ~ / 3 / 4  d a r k  r e d d i s h  brown ( d r y  a n d  m i s t ) ;  
s i l t y  c l a y  loam; s t r o n g  c o a r s e  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  2% 2-5 mm powdery masses  o f  CaC03, 

60-80+ c m :  8 3  h o r i z o n ;  2 . 5 ~ ~ / 3 / 4  d a r k  r e d d i s h  brawn ( d r y  and  mo i s t )  ; 
c l a y  loam; 20% 2-4 mm w h i t e  unwea the red  m i n e r a l s ;  weak 
medium a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ;  
10% f i n e  g r a v e l ,  

S u r f a c e :  80% c o b b l e s  and b o u l d e r s ,  

S l o p e :  0-2% 

P a r e n t  M a t e r i a l s :  E o l i a n  m a n t l e  

V e g e t a t i o n :  S p o t t y ,  i n  t h e  s p o t s  t h e  c o v e r  i s  10% a n d  r e p r e s e n t s  
60% o f  t h e  a r e a  ( sa rman,  c a d a d ) ,  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id .  



RAYSALI 

S i t e  N o .  8 0  

L o c a t i o n :  276.6E 
1303 .5  N 

0-15 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  b r m n  
(mois t )  ; v e r y  g r a v e l l y  s a n d ;  s t r u c t u r e :  none;  weak ly  
cemented ;  loose, f r i a b l e ,  n o n s t i c k y ;  60% g r a v e l :  few 
f i n e  woody r o o t s ;  m o d e r a t e l y  e f f e r v e s c e n t ;  c l e a r  wavy 
bou nda ry , 

15-5-+ c m :  Cca h o r i z o n :  1 0 ~ ~ / 5 / 3  brawn ( d r y ) ,  1 0 ~ ~ / 4 / 3  d a r k  brown 
( m o i s t )  ; v e r y  g r a v e l l y  s andy  loam; s t r u c t u r e :  none ;  
l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  and  t h i n  c o a t i n g  o f  CaC03 o n  t h e  g r a v e l  
a n d  s t o n e s ;  common f i n e  and  medium woody r o o t s ,  

S u r f a c e :  80% g r a v e l  and  10% c o b b l e s  and  s t o n e s  

I n c l u s i o n s :  5% r o c k  o u t c r o p  ( l a v a  b l u f f )  a n d  10% p l a t e a u s  

S l o p e :  20-25% 

P o s i t i o n :  S i d e  s l o p e  

P a r e n t  M a t e r i a l :  a n c i e n t  a l l u v i a l  d e l t a  

V e g e t a t i o n :  15% " b i n i n  and  J i r m e . "  

E r o s i o n :  S e v e r e  g u l l y  e r o s i o n  
0 

Tempera tu re :  3 0 . 1  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



RI FFUR-DAMOUN 

S i t e  N o .  4 

L o c a t i o n :  168 .3  E 
1273.2 N 

0-42 cm:  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brawn ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  b r w n  
( m o i s t ) ;  c l a y  loam; s t r o n g  c o a r s e  t o  medium a n g u l a r  
b l o c k y  s t r u c t u r e ;  h a r d ,  v e r y  f i r m ,  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  few medium woody roots;  c l e a r  and  
d i f f u s e d  bounda ry ;  

42-60+ c m :  Cna h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  bgrown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brcwn 
( m o i s t ) ;  s i l t y  c l a y  loam; m o d e r a t e  c o a r s e  t o  medium 
a n g u l a r  b l o c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  h a r d ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  10-15% 1-3 mm sodium s a l e  c o n c r e t i o n s ;  
few c o a r s e  woody r o o t s .  

S u r f  a c e :  B a r r e n  

P o s i t i o n :  Lake p l a i n  

Tempera tu re :  Windy, h o t  and  d r y .  

Comments: Mud c r a c k s  o n  t h e  s u r f a c e  ( 3  t o  5 c m ;  a t  20 c m  d e e p  t o  
t h e  s u r f a c e ,  c r a c k s  of  1 c m  wide ,  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  S a l o r t h i d  ( e x c e p t  
f o r  a ) .  



Land Type:  

S u r f  ace: 

S l o p e :  

V e g e t a t i o n :  

Comment : 

T e m p e r a t u r e :  

SADAI 

S i t e  N o .  5 0  

L o c a t i o n :  283 .9  E 
1 3 4 0 . 3  N 

Wadi c h a n n e l  

B o u l d e r s  a n d  cobbles r e p r e s e n t  30  t o  60% o f  t h e  
mass 

L e s s  t h a n  1% 

Rare acacia 

Wadi c h a n n e l ;  s t r a t i f i e d  s a n d ,  g r a v e l s  a n d  
b o u l d e r s  s u b j e c t  t o  f r e q u e n t  i n u n d a t i o n ;  c h a n n e l s  
c h a n g e  w i t h  storms; t h i s  w i l l  be t he  coarse 
t e x t u r a l  w a d i  c h a n n e l ;  

0 

2 8 . 3  C 



SAEIDA DALA 

S i t e  No. 5 

Land Type: Lava f low 

I n c l u s i o n s :  5% i n c l u s i o n s  of  s m a l l  p l a y a  a r e a s  

S l o p e :  1-33 

P a r e n t  M a t e r i a l :  Lava f low and rock o u t c r o p s  o n l y ,  

V e g e t a t i o n :  L e s s  t h a n  1% v e g e t a t i o n .  



SAKHISSO 

S i t e  No. 59 

Location: 159 E 
1255 N 

Surface: No sample taken, 

S imi la r  S o i l :  S imi la r  t o  S i t e  No. 7 0  DEROKKOMA, 

C l a s s i f i c a t i o n :  f i n e  loamy mixed hyperthermic Typic 
Camborthid. 



SARIG 

S i t e  N o .  54  

L o c a t i o n :  290 .1  E 
1390.8 N 

0-25 c m :  C l  h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  
d a r k  g r a y i s h  brown ( m o i s t )  ; sand :  s t r u c t u r e :  none ;  
loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  weak ly  s t r a t i f i e d  
s t r o n g l y  e f f e r v e s c e n t ;  20% g r a v e l ;  c l e a r  i r r e g u l a r  
bounda ry  ; 

25-60 c m :  C2 h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  s a n d ;  weak medium s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  weak ly  s t r a t i f i e d ;  s l i g h t l y  
h a r d  cemented ;  v e r y  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
i r r e g u l a r  bounda ry ;  

60-70+ cma; C3 h o r i z o n :  1 0 ~ ~ / 5 / 2  g r a y i s h  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  
brown ( m o i s t )  ; g r a v e l l y  s a n d ;  s t r u c t u r e :  none;  loose, 
f r i a b l e ,  n o n s t i c k y ;  a b o u t  50% g r a v e l ,  

S u r f a c e :  15% c o b b l e s  and  90% f i n e  g r a v e l  

I n c l u s i o n s :  10% r i l l s ,  2% small  20 c m  s a n d  d u n e s  

S l o p e :  0-1% 

P a r e n t  Material:  A l luv ium ( a l l u v i a l  f a n )  s i l t ,  s a n d  a n d  g r a v e l  

V e g e t a t i o n :  rare, 2% b u s h  (woody. . . ) 
E r o s i o n :  High wind e r o s i o n  and  m o d e r a t e  r i l l  e r o s i o n  

C l a s s i f i c a t i n :  s andy  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  



SAROU 

S i t e  N o .  2  

L o c a t i o n :  270.9 E 
1387.2 

0-15 c m :  A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brawn ( d r y ) :  1 0 ~ ~ / 4 / 6  d a r k  
y e l l o w i s h  brown ( m o i s t )  ; v e r y  g r a v e l l y  loam; weak 
medium a n d  f i n e  s u b g r a n u l a r  b l o c k y ;  f r a g i l e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  CaC03 
c o a t i n g s  o n  rock  f r a g m e n t s ;  80% g r a v e l  a n d  cobbles; 
g r a d u a l  i r r e g u l a r  bounda ry ;  

15-46 c m :  A12 h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  brawn ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  v e r y  g r a v e l l y  loam, 80% g r a v e l  and  cobbles; 
s t r o n g l y  e f f e r v e s c e n t :  t h i n  CaC03 c o a t i n g s  on  rock  
f r a g m e n t s ;  few f i n e  roots,  

4 0  c m :  Rock 

S u r f a c e :  100% g r a v e l ,  cobbles and  s t o n e s  

I n c l u s i o n s :  20% r o c k  o u t c r o p ,  10% wa te rways  

S l o p e :  12% 

P o s i t i o n :  S i d e  s l o p e  ( o f  a  m o u n t a i n )  

P a r e n t  M a t e r i a l :  r h y o l i t e  ( t a l u s )  

V e g e t a t i o n :  None, 2% o n  t h e  wa te rways  

E r o s  i on :  S e v e r e  w a t e r  e r o s i o n  
0 

Tempera ture :  32.6  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  



SEKAYTO 

S i t e  N o .  9 6  

L o c a t i o n :  168 .5  E 
1293 .5  N 

0-15 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  d a r k  b r m n  ( d r y ) ,  7 . 5 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  c l a y  loam; weak c o a r s e  t o  medium s u b a n g u l a r  
b l o c k y  t o  p l a t y  s t r u c t u r e ;  f i r m ,  f r i a b l e ;  s l i g h t l y  s t i c k y ;  
common f i n e  woody r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  c lear  
a n d  wavy bounda ry ;  

15-34 c m :  8 2 1  h o r i z o n ;  7 . 5 ~ ~ / 4 / 3  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  
brown ( m o i s t ) ;  c l a y  loam; m o d e r a t e  medium s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  
woody r o o t s ;  g r a d u a l  and  wavy bounda ry ;  

34-50+ c m :  B22 h o r i z o n ;  7 . 5 ~ ~ / 3 / 2  d a r k  brawn ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  
brawn ( m o i s t ) ;  c l a y  loam; m o d e r a t e  coarse t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  2% 0 .5  t o  1 rnm i n d u r a t e d  CaC03; f e w  coarse 
woody roots,  

6 0  c m  ( e s t i m a t e d ) :  CaC03 h o r i z o n  

S u r f a c e :  80% s t o n e s  and  b o u l d e r s  t o  1 m p o r o u s  v o l c a n i c  bombs o n  
t h e  s u r f a c e ,  

S l o p e s :  From 1-88 

V e g e t a t i o n :  Cover  o f  109% o f  1-k1.5 m ( c a r a n c a r ,  d a c a r ,  b i l c i n ,  
g i m a r  ) , 

Comments: S o i l  c o m p r i s e d  o f  loess 

C l a s s i f i c a t i o n :  f i n d  loamy mixed h y p e r t h e r m i c  P a c h i c  C a l c i u s t o l l  



SIDIHA MENGALA 

S i t e  N o .  1 3  

L o c a t i o n :  267.3 E 
1362 .5  N 

0-20 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brown 
(mois t ) ;  v e r y  s t o n y  loam; s t r u c t u r e l e s s ;  loose, 
f r i a b l e ,  s l i g h t l y  s t i c k y ;  70% s t o n e s  and  cobbles: t h i n  
CaC03 c o a t i n g s  on rock  f a c e s ;  s t r o n g l y  e f f e r v e s c e n t :  
c lear  i r r e g u l a r  bounda ry ;  

20-35 c m :  Bca h o r i z o n ;  5 ~ ~ / 5 / 4  r e d d i s h  brawn ( d r y ) ,  5 ~ ~ / 4 / 4 ' r e d d i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  loam; 70% g r a v e l ;  loose, 
f r i a b l e ,  s l i g h t l y  s t i c k y ;  c o n t i n u o u s  medium CaC03 
c o a t i n g s  on  rock  f r a g m e n t s ;  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  i r r e g u l a r  boundary ;  

3 5  c m :  Rock, f r a c t u r e d  

S u r f a c e :  80% g r a v e l ,  20% s t o n e s ,  

I n c l u s i o n s :  15% o f  a  s o i l ,  20 c m  t h i c k e r ,  

S l o p e :  2% 

P o s i t  i o n :  l a v a  p l a t e a u  a l o n g  WEEIMA wadi ,  

P a r e n t  M a t e r i a l :  F r a c t u r e d  b a s a l t i c  l a v a  

V e g e t a t i o n :  Very s p a r c e  a c a c i a  

E r o s i o n :  none t o  s l i g h t  w a t e r  e r o s i o n  
0 

Tempera tu re :  33.8 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  C a l c i o r t h i d .  



SOULAYTOU 

- S i t e  No. 81 

A.D.  / J . G . / F . O .  

Loca t ion :  183.6 E 
1304.7 N 

0-5G cm: A ho r i zon ;  1 0 ~ ~ / 2 / 2  very  dark  brown ( m o i s t )  ; g r a v e l l y  sandy 
c l a y  loam; weak medium t o  f i n e  a n g u l a r  b locky 
s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  many f i n e  
f i b r o u s  r o o t s ;  50% 2-15 cm g r a v e l  and cobb le  t h i n  CaC03 
c o a t i n g  on a l l  p a r t s  of t h e  s t o n e s ;  i r r e g u l a r  d i f f u s e d  
boundary ; 

50-90 cm: C ho r i zon ;  1 0 ~ ~ / 5 / 3  brclwn ( d r y ) ,  1 0 ~ ~ / 3 / 4  da rk  y e l l o w i s h  
b r m n  ( m o i s t ) ;  ve ry  g r a v e l l y  sand;  s t r u c t u r e :  none; 
l oose ,  very  f r i a b l e ,  40% 5-20 mm g r a v e l  and 40% 20-40 
cm s t o n e s  and bou lde r s ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  
CaC03 c o a t i n g  on a l l  p a r t s  of t h e  g r a v e l ,  s t o n e s  and 
cobb l e s ;  a  few f i n e  f i b r o u s  and woody r o o t s ;  i r r e g u l a r  
d i f f u s e d  boundary; 

90-150 cm: C ho r i zon ;  1 0 ~ ~ / 4 / 3  dark  brown ( m o i s t ) ;  ve ry  bou ldery  
sand ;  s t r u c t u r e :  none; l oose ,  very  f r i a b l e ;  s t r o n g l y  
e f f e r v e s c e n t ;  80% g r a v e l ,  s t o n e s ,  cobb l e s  and b o u l d e r s ;  
t h i n  CaC03 c o a t i n g  on a l l  p a r t s  of  t h e  major  f r a c t i o n ,  

Sur f  ace: 80% cove r  of s t o n e s  and bou lde r s  ( d e s e r t  pavement) 

P o s i t i o n :  Wadi t e r r a c e  

Vege ta t ion :  5% v e g e t a t i o n  cover  i n  t h e  wadis and r a v i n e s  
(Cadad, Aousdameir, Wan ' a d ) ,  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed hyper thermi  c  Typ i c  T o r r i o r t h e n t .  



SOUNNATI 

S i t e  No. 2 3  

A.D.  / J . G . / F . o .  

L o c a t i o n :  166 .4  E 
1244 .3  N 

0-17 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  loam; m o d e r a t e  medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t  common f i n e  r o o t s ;  g r a d u a l  and  
smooth  boundary  ; 

17-63 c m :  B h o r i z o n ;  1 0 ~ ~ / 3 / 4  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  b r w n  
( m o i s t )  ; loam; s t r o n g  c o a r s e  t o  medium a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m ;  f r i a b l e ;  s l i g h t l y  s t i c k y ;  few f i n e  
r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  r a r e  1 t o  2  mm h a r d  
p i t t e d  CaC03; g r a d u a l  a n d  wavy bounda ry ;  

63-120+ c m :  C  h o r i z o n ;  1 5 ~ ~ / 3 / 2  d a r k  brown ( m o i s t ) ;  c l a y  loam; 
s t r u c t u r e l e s s ;  s t r o n g l y  e f f e r v e s c e n t ;  r a r e  1 
t o  5 mm h a r d  p i t t e d  CaC03, 

S u r f  ace: 90% c o b b l e s ,  s t o n e s ,  and  b o u l d e r s  on  t h e  s u r f a c e ,  

S l o p e :  5  "a 

P a r e n t  M a t e r i a l :  L o e s s  on  l a v a  f l o w s  

V e g e t a t i o n :  Weeds (magal  x i d ,  x a r f e ) ,  t e m p o r a r y  g r a s s ,  

Comments: 15% c o b b l e s ,  s t o n e s ,  a n d  b o u l d e r s  i n  t h e  s o i l  p r o f i l e ;  
v e r y  l i g h t  c o a t i n g  o f  CaC03 o n  t h e  b o t t o m  o f  t h e  r o c k s ,  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed,  h y p e r t h e r m i c ,  A r i d i c  C a l c i u s t o l l  



TAGADDO 

S i t e  N o .  29  

L o c a t i o n :  230.5  E  
1307 .7  N 

0-40 c m :  A h o r i z o n ;  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  brown ( d r y )  ; 5 ~ ~ / 3 / 2  d a r k  
r e d d i s h  brown ( m o i s t ) ;  v e r y  s t o n e y  loam; 40% s t o n e s  and  
b o u l d e r s ;  20% g r a v e l  a n d  cobbles: weak medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  b r e a k i n g  t o  m o d e r a t e  
medium crumb; s l i g h t l y  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
many f i n e ,  medium and  c o a r s e  woody r o o t s ;  s t r o n g l y  
e f f e r v e s c e n t ;  g r a d u a l  i r r e g u l a r  b o u n d a r y ;  

4G-60+ c m :  C h o r i z o n ;  7 . 5 ~ ~ / 4 / 6  s t r o n g  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  
brawn ( m o i s t ) :  v e r y  s t o n y  loam; 40% s t o n e s  a n d  
b o u l d e r s ,  20% g r a v e l  a n d  cobbles: weak medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e :  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
common medium woody roots: CaC03 c o a t i n g s  on  r o c k  
f r a g m e n t s  a n d  1 t o  2  mrn s o f t  powdery CaC03; s t r o n q l y  
e f f e r v e s c e n t ,  

E l e v a t i o n :  1150  m 

S u r f a c e :  60% s t o n e s  and  b o u l d e r s ,  35% cobbles 

S  l o p e :  5  % 

P o s i t i o n :  c re s t  o f  t h e  c u e s t a  

P a r e n t  M a t e r i a l :  b a s a l t i c  l a v a ,  t a l u s  

V e g e t a t i o n :  10% 2 m h i g h  a c a c i a ,  20% h e r b s ,  10% g r a s s  

E r o s i o n :  s e v e r e  w a t e r  e r o s i o n  
0 

T e m p e r a t u r e :  29 .0  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  A r i d i c  H a p l u s t o l l  



WANNI DAEAR 

S i t e  No. 5 3  

L o c a t i o n :  155.2 E 
1282 .2  N 

0-5 c m :  A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y )  : 1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown; g r a v e l l y  s i l t  loam; m o d e r a t e  medium t o  f i n e  
a n g u l a r  b l o c k y ;  f i r m ,  f r i a b l e ;  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  c l e a n  a n d  i r r e g u l a r  bounda ry ;  

5-25+ c m :  C h o r i z o n ;  2 . 5 ~ ~ / 7 / 2  l i g h t  g r a y  ( d r y ) ;  2 . 5 ~ ~ / 4 / 2  d a r k  
g r a y i s h  brown ( m o i s t )  ; m a r l y  s a n d ;  s t r u c t u r e :  none;  
loose, v e r y  f r i a b l e ,  n o n s t i c k y ,  s t r o n g l y  e f f e r v e s c e n t ,  

S u r f  ace: About 30-35% c o b b l e s  and  s t o n e s  i n  t h e  p r o f i l e ;  a b o u t  
80% s u r f a c e  c o v e r e d  by b o u l d e r s ,  s t o n e s  a n d  c o b b l e s  u p  
t o  1 rn. 

I n c l u s i o n s :  O t h e r  a r e a s  o f  t h i s  s o i l  r a n g e  down t o  5  cm o f  g r a v e l ;  
a t  t h e  s u r f a c e  o v e r  mar ly  l a c u s t r i n e  s a n d ,  

S l o p e :  r a n g e s  f rom 5% (smooth) t o  25% ( r o l l i n g )  

P o s i t i o n :  T h i s  i s  a  r e c e n t l y  d i s s e c t e d  l a c u s t r i n e ,  o f f s h o r e  
s e d i m e n t s ,  

V e g e t a t i o n :  W a n ' c a r t  ( r a r e )  

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  
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APPENDIX I - 

REPORT ON NATIONAL SOIL SURVEY - FOR DJIBOUTI 

1.0 INTRODUCTION 

T h e  n a t i o n a l  s o i l  i n v e n t o r y  w a s  u n d e r t a k e n  i n  t h i s  project t o  
s u p p l y  D j i b o u t i  w i t h  s u i t a b l e  bas ic  i n f o r m a t i o n  t o  make d e c i s i o n s  o n  
l a n d  u s e  d e v e l o p m e n t .  T h i s  i n c l u d e s  w a t e r  r e c h a r q e ,  a g r i c u l t u r a l  
d e v e l o p m e n t ,  r a n g e l a n d  d e v e l o p m e n t ,  r e s e t t l e m e n t  a n d  e n g i n e e r i n g  
p r o j e c t s .  T h i s  i n v e n t o r y  a l so  made i t  possible t o  p r i o r i t i z e  t h e  bes t  
so i l s  areas w i t h  t h e  bes t  w a t e r  s u p p l i e s  f o r  a g r i c u l t u r a l  d e v e l o p m e n t .  
P h o t o s  1-1 t h r o u g h  1 - 2 6  a r e  p i c t u r e s  o f  t h e  v a r i o u s  s o i l s  f o u n d  
t h r o u g h o u t  D j i b o u t i .  

T h i s  i n v e n t o r y  w i l l  p e r m i t  more r a t i o n a l  a n d  i n f o r m e d  p l a n n i n q  
i n  d e v e l o p m e n t .  I t  p r o v i d e s  e n o u g h  i ~ f o r m a t i o n  t o  make p r e l i - m i n a r y  
d e c i s i o n s  o n  d e v e l o p m e n t  u s e  a n d  l o c a t i o n .  When more d e t a i l e d  
i n f o r m a t i o n  i s  n e e d e d  a more d e t a i l e d  s t u d y  c a n  be made. D e v e l o p m e n t  
n e e d  n o  l o n g e r  be d e l a y e d  f o r  l a c k  o f  s o i l s  i n f o r m a t i o n  

S e c t i o n  2 . 0  o f  t h i s  a p p e n d i x  i s  a d e s c r i p t i o n  o f  m a p p i n s  
p r o c e d u r e s  u s e d  i n  t h e  i n v e n t o r y .  S e c t i o n  3 .0  c o n t a i n s  a d e s c r i p t i - o n  
o f  so i l s  mapp ing  u n i t s  a n d  t h e  e x t e n t  t o  w h i c h  each u n i t  o c c u r s  i n  t he  
c o u n t r y .  S e c t i o n  4 .0  s h o w s  t h e  l o c a t i o n s  o f  t he  r a n d o m  s a m p l e  s i t e s  
a n d  c o n t a i n s  both a  k e y  t o  the  so i l s  i n t e r p r e t a t i o n  a n d  t h e  so i l s  
i n t e r p r e t a t i o n s  o f  t h e  r a n d o m  s a m p l e  s i t e s .  



I ' l l o t  o T?narl cross i nrT [>ar ia  s o i  1 t o  
1 - 1 :  Flou 1 o u d  . 'I'hc hollsc?s a re  

O I I  Oucah soi.1 . 
P h o t o  Sadaf  Wad1 c h a n n e i .  A 
1 - 2 :  qood s l t e  f o r  f r u i t  d u e  

t o  v i c i n i t y  of good w a t e r  
and  I r c q u e n t  f l o o d s .  

Pho to  Dunes a r e  d r l f t i n g  o n  
1-3:  Aada s o i l  i n  t h e  Gayade 

p l a y a .  

P i lo to  Wad1 c h a n n e l  and  D l d j a n  
1-4 : D e r  t e r r a c e  w l t h  t h e  

b r u s h .  S o i l  i n  f o r e g r o u n d  
i s  Eada G a f a n ,  

2 

BEST AVAILABLE COPY 



P h o t o  AL)or~baker- Doua l e  
1 -5 :  clc-~scribcs a  

y ~ l c n h  soil 

P h o t o  A n o t h e r  e x a m p l e  of 
1 - 7 :  L,ahi Dadclacto s o i l  

n e a r  Yoboki  

l 'hoto  M o u n t a i n o u s  
1 - 6  : Lah i  Daddaeto 

sol: .  wafer 
r u n s  o f f  w e l l  
n e a r  Kohr Angor 

P h o t o  A t a l u s  f o o t s l o p e  
1 -8 :  

BEST AVAILABLE COPY 



P l i o L o  I 3 o u l d e r  c o v e r  n o r t h  o f  
r - 9 :  c o l ~ n t r y .  I n  t h i s  c a s e ,  

t11c.y c o v e r  t h e  B a l a m b a l  
s o i l .  

P h o t o  An Aada s o i l  when f l o o d -  
1-11 : water c a n  i n f i  l t r a t e  a n d  

p a s s  o u t  o f  t h e  b a r a .  
T r e e s  grow w e l l  h e r e .  

P h o t o  T h i s  i s  R i f f o r  Damoun s o i l  
1-10:  b e i n g  f l o o d e d .  T h e  w a t e r  

e v a p o r a t e s  a n d  l e a v e s  t h e  
w h i t e  s a l t  i n  f o r e g r o u n d .  

P h o t o  T h e  A1 K i b a  a n d  D i m o  l e  Boi 
1-12:  c o m p l e x  o f  s o i l s  o n  c u e s t a !  

N o t e  nomad t r a i l  o n  crest  
o f  c u e s t a .  

4 
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P h o t o  ?'he I>aha E a b d a l l e  s o i l  o n  
1-1 3 :  t h c  F:as G a l a n  p l a t e a u  

P h o t o  T h i s  w a d i  i s  f h o o u l n g  
1-14:  b e t w e e n  D i d j a n  D e r  a n d  

Q u e a h  s o i l s  

P h o t o  The town o f  E a s a  G a l a n  
1 -15 :  a b o v e  t h e  w a d i  c h a n n e l  

a n d  D i d j a n  D e r  s o i l  

P h o t o  The c a n y o n  r s  l i n e d  w i t h  
1-16 t 1 1 - 0 1  s S a b a n  

E a s  scils a c c u r  on  t h e  
p l a t e a u s  

5 
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I )ho tc~  'I'hc Mnar ig i  s o i l ,  a  p r a i r i e  
1 - 1 7 :  s o i l ,  l ~ i q h  i n  t h e  m o u n t a i n s  

bc tween Obock and  Tad j o u r a  

Pho to  V e g e t a t i o n  t h a t  
1-18: o c c u r s  o n  L a h i  

Daddaeto  s o i l  

Pho to  Lava c l i f f  w i t h  a  c a v e  
1-19: be tween l a v a  f l o o r .  S o i l  

above  i s  t h e  Daba E a b d a l l e  

P h o t o  S o i l  i s  t h e  v e r y  t h i n ,  
1 - 2 0 :  h i g h ,  wind-swept  G a l a y t o u  

6 
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2.0 MAPPING PROCEDURE 

T h i s  s o i l  su rvey  was conducted by f i r s t  s e l e c t i n q  100 randomly 
d i s t r i b u t e d  s i tes  th roughout  t h e  coun t ry  a s  s p e c i f i c  o b j e c t i v e s  t o  
s e a r c h  o u t  and d e s c r i b e .  A l l  of t h e  s i tes  w e r e  v i s i t e d .  The f i r s t  
a t t e m p t  was made by a l l  t e r r a i n  v e h i c l e  and t h e  remainders by 
h e l i c o p t e r s .  

A s i g n i f i c a n t  s o i l  was p i cked  w i t h i n  t h e  one  s q u a r e  k i l o m e t e r  
s i t e  and thoroughly  d e s c r i b e d  i n  p r o f i l e  and geomorphic d i s t r i b u t i o n .  
On s i t e  t h e  r e l a t i o n s h i p s  between s o i l s  was e s t i m a t e d  and c l a r r i f  i ed .  
The UTM c o o r d i n a t e  numbers w e r e  used t o  i d e n t i f y  t h e  s i tes  a long  w i t h  
a  l o c a l  s i t e  name. A l l  o f  t h i s  i n fo rma t ion  was acqu i r ed  and recorded  
on t h e  1:100,00 t opog raph i c  map. 

These  s i t e s  were t h e n  l o c a t e d  on 1:500,000 c o l o r e d  Landsa t  image 
and t h e  pho tograph ic  c h a r a c t e r i s t i c s  i d e n t i f i e d  and mapped-out i n  
s i m i l a r  a r e a s .  T h i s  was a i d e d  by f a m i l i a r i t y  w i t h  t h e  ground.  Th i s  
i n fo rma t ion  was t h e n  en l a rged  and compared t o  t h e  f e a t u r e s  of  t h e  
1: 100,000 t opog raph i c  maps and t h e  s l o p e  maps. The f i n a l  map r e s u l t e d  
from t h e  j u d i c i o u s  comparison o f  t h e  p r e v i o u s  i n fo rma t ion  and t h e  
f i n a l  s o i l  l i n e s  w e r e  e s t a b l i s h e d .  The map i s  r e g i s t e r e d  t o  p o s i t i v e  
f i l m  f a c t o r  o f  t h e  1:100,000 t opog raph i c  map and d r a f t e d  on mylar t o  
f a c l i t a t e  r ep roduc t i on .  Copies can b e  o b t a i n e d  from t h e  l a b o r a t o r y .  



3.0 NATIONAL SOIL MAPPING U N I T  DESCRIPTION 

3.1 S o i l s  Mappinq Symbols and Random Sample S i t e  Inc lus ions  

(1:100,000 S o i l s  ~ a p )  

Map Symbol 

Aa 15 
AD 9 
AK 33 
A r  9 
A t  1 
Aw 6 
Ba 16 
DA 16 
DG 1 
D D  10 
Da 9 
D i  5 
DB 33 
D t  10 
EG 1 2  
Ea 31 
Eo 4 
Ga 16 
GB 1 2  
Ha 10 
HH 2 7  
J A  16 
K 1  4 
Kn 4 
L D  9 
ou  9 
RD 1 2  
WD 13 

1 7  
19 
20 

. 2 2  
2 5 
28 
29 

Ser i e s  Name 

Aada 
Afnada Daba 
A 1  Kibo - Easa Galaw 
Arta - Dagah Dere 
Atar - Eoulma 
Awdiea 
Ealambal - Derokoma 
Daba Eabda 1 l e  
Dabagalaley 
Dagah Dere - .  Goendale Madobe 
Damerkaddae - Afnaba Daba 
Didjan Der 
Dimo Le Roda 
Dita  
Eado Gafan 
Eanga l a  l o  
Eou 1 ma 
Garrayto 
Grand Bara 
Hadkodley 
Holl-Holl - Afmeeaytou 
Jaban Eas - G u i s t i r  
Ka 1 l o  lou 
Kenannaba 
L a h i  Daddaeo - Afnaba Daba 
Oueah - Degamankal 
Ri f for  Damoun 
Wanni Daear - Malhadlou 
Lava flow 
Wadi Channel 
Beach 
S a l t  
Mud f l a t  
Marl 
Coral s lopes 



3.2 Mapping Unit Predominance - 

The following char t  shows the  amount of each s o i l  mappinq 
u n i t  i n  t h e  country i n  square kilometers.  

Aada 483 
Afnaba Daba 807 
Alkibo - Easa Galaw 371 
Arta - Daga Dere 1100 
A t a r  - Eoulma 90 
Awdiea 442 
Balambal - Derokoma 2772 
Daba Eabdalle 1381 
Dabagalaley 277 
Dagah Dere ,- Goendole 
Madobe 66 
Damerkaddae - Afnaba 
Daba 1219 
Didjan Der 298 
Dimo l e  Boda 543 
Dita 7 41 
Eado Gafan 504 
Eangalalo 169 
Eoulrna 363 
Garrayto 309 
Grand Bara 1562 
Hadkodley 156 
Holl-holl - Afmeeayton 1108 
Jabaneas - Guist iv 1099 
Ka 1 l o  lou 582 
Lahi Daddaeo-Afnabadaba 1108 
Maarigi 144 
Oueah - Degamankal 18 40 
Rif f o r  Darnoun 517 
Wanni Daear - Malhadlou 566 
Lava flow 1030 
W a d i  Channel 510 
Beach ' 8  
S a l t  61 
Mud f l a t  136 
Marl 169 
Coral Slopes 7 



3 . 3  S o i l s  Mapping U n i t s  

The f o l l o w i n g  s e c t i o n  c o n t a i n s  t h e  f o l l o w i n g  d e s c r i p t i o n s  
o f  t h e  so i l s  mapping u n i t s .  

Symbol: AA 1 5  

N a m e  o f  t h e  P r i n c i p a l  soi ls :  Aada 

L o c a t i o n  a n d  d i s t r i b u t i o n :  I n  p l a y a s  d i s t r i b u t e d  a r o u n d  t h e  c o u n t r y .  

C l i m a t e :  H o t  and  d r y ,  l o c a l  d u s t  d e v i l s  i n  t h e  day t ime ,  winds  coming 
down f rom t h e  l o c a l  moun ta ins  a t  n i g h t .  

Predominance  i n  t h e  c o u n t r y :  Minor s o i l  i n  t h e  c o u n t r y .  

Compos i t i on  o f  Mapping U n i t s :  

1 )  Name o f  t h e  S o i l  S e r i e s :  Aada 

C l a s s i f i c a t i o n :  c o a r s e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  
Cambor th id .  

B r i e f  D e s c r i p t i o n :  Deep d a r k  brown s i l t  loam w i t h  up  t o  50  
c m .  o f  s a n d  c o v e r .  

P e r c e n t a g e  o f  the mapping u n i t :  

Geomorphic  p o s i t i o n :  Occurs  a l o n g s i d e  o f  the p l a y a s  i n  t he  
s a n d y  a l l u v i u m  t h a t  c o v e r s  t h e  o l d  l a c u s t r i n e  s i l t s  and  
c l a y s .  

P a r e n t  Material: a l l u v i u m  

S l o p e :  2% 

Dominant u s e s :  p a s t u r e  a n d  i r r i g a t e d  a g r i c u l t u r e .  



Symbol: AD 9 

N a m e  o f  p r i n c i p a l  so i l s :  Afnaba Daba 

Composi t ion  of Mapping U n i t s :  

1) Name o f  t h e  s o i l  series: Afnaba Daba 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  ( s h a l l o w ) ,  mixed h y p e r t h e r m i c  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  Very s h a l l o w  brown ve ry  g r a v e l l y  s andy  
loam so i l .  

P e r c e n t a g e  o f  the  mapping u n i t :  50% 

Geomorphic  p o s i t i o n :  T a l u s  s l o p e .  

P a r e n t  Material: r y o l i t i c  T a l u s ,  r h r o l i t e  T a l u s .  

S l o p e :  10-20% 

Dominant u s e s :  Wate r shed  and  r a n g e .  

Minor i n c l u s i o n s :  40% rock o u t c r o p  r e p r e s e n t s  major u s e  f o r  
w a t e r s h e d ,  10% Goray Eeeb and ,  1 0 %  Easa G e l a w .  



Symbol: AK 33 

Name of p r i n c i p a l  s o i l s :  A 1  Kibo - Easa Galaw 

Locat ion and d i s t r i b u t i o n :  Occurs n o r t h  and w e s t  of  Lac Assa l .  

Climate:  Hot and dry 

Predominance i n  t h e  country:  Limited s o i l  i n  t h e  country .  

Composition of Mapping Uni t s :  

1 )  Name of t h e  s o i l  s e r i e s :  A 1  Kibo 

C l a s s i f i c a t i o n :  c o a r s e  loamy, mixed hyper thermic ,  Typic 
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  Moderately deep p a l e  brown very s tony  
c l a y  loam u n d e r a l i n  by brown loam and sandy loam 
w i t h  accumulat ion of ca lc ium cabonate  i n  e n t i r e  p r o f i l e .  

Percen tage  of t h e  mapping u n i t :  50% 

Geomrph ic  p o s i t i o n :  P l a t e a u s  i n  a  c u e s t a  p o s i t i o n .  

P a r e n t  M a t e r i a l :  t h i n  e o l i a n  m a t e r i a l  over  lava  f low, 
igneous  l ava  rock.  

Slope:  1-3% 

Dominant uses :  range and watershed.  

Name of s o i l  s e r i e s :  Easa Galaw 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l ,  mixed hyper thermic ,  Typic 
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  Shallow, brown very cobbly sandy loam 
ove r  l i g h t  brownish g ray  very s toney  c l a y  loam w i t h  calcium 
ca rbona t e  accumulat  ions .  

Percentage of t h e  mapping u n i t :  40% 

Geomorphic p o s i t i o n :  Ta lused  a l luvium.  

Pa ren t  Ma te r i a l :  I ndu ra t ed  igneous  rock.  

Slope:  15-258 

Dominant uses :  range and watershed.  

Minor i n c l u s i o n s :  10% o f  a r e a  i s  rock ou tc rop .  S t eep  s l o p e s  
ove r  20%, mostly igneous m a t e r i a l .  



Symbol: A r  9 

N a m e  o f  p r i n c i p a l  so i l s :  Arta-Dagah Dere 

L o c a t i o n  a n d  D i s t r i b u t i o n :  w e l l  d i s t r i b u t e d  a r o u n d  t h e  c o u n t r y .  

C l i m a t e :  warm and  d r y  or  m o i s t .  

P r edominance  i n  t h e  c o u n t r y :  m o u e r a t e  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  N a m e  of t h e  s o i l  ser ies:  A r t a  

C l a s s i f i c a t i o n :  Loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  A r i d i c  
C a l c i u s t o l l  ( T o r r i o r t h e n t ? ) .  

B r i e f  d i s c r i p t i o n :  m o d e r a t e l y  d e e p  s o i l ,  v e r y  g r a v e l l y  s i l t  
l o a m  o r  v e r y  g r a v e l l y  c l a y  loam, some c a l c i u m  c a r b o n a t e  a t  
a b o u t  40-70 c m . ,  color i s  d a r k  y e l l o w i s h  brown t o  y e l l o w i s h  
brown. 

P e r c e n t a g e  o f  mapping u n i t :  40% 

Geomorphic  p o s i t i o n :  moun ta in  s i d e  s l o p e ,  T a l u s .  

P a r e n t  M a t e r i a l :  T a l u s  

S l o p e :  15-50% 

Dominant  u s e s :  Range and  w a t e r s h e d .  

Name of s o i l  series: Dagah Dere 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  L i t h i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  less t h a n  50 c m .  t h i c k ,  y e l l o w i s h  brown 
t o  brown, v e r y  g r a v e l l y  s andy  loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  30% 

Geomorphic  p o s i t i o n :  u p p e r  p a r t  o f  t h e  s t e e p  moun ta in  
s l o p e s .  

P a r e n t  M a t e r i a l :  t h i n  c o l l u v i u m .  

S l o p e :  15-50% 

Dominant  u s e s :  w a t e r s h e d  a n d  r a n g e  T a l u s  w i t h o u t  a  s o i l  
f o r m a t i o n  r e p r e s e n t s  a b o u t  10% o f  t h e  mapping u n i t  and  o c c u r s  
i n  t h e  i n t e r i o r  o f  t h e  c o u n t r y  w h e r e  s o i l  f o r m a t i o n  h a s  
o c c u r e d .  About  208 of t h e  mapping u n i t  i s  r o c k  o u t c r o p  which  
i s  s u i t a b l e  f o r  w a t e r s h e d ,  as i s  t h e  T a l u s .  



Symbol: A t  1 

Name of p r i n c i p a l  s o i l :  A t a r .  - Eoulma 

L o c a t i o n  and d i s t r i b u t i o n :  a l o n g  t h e  s o u t h e r n  c o a s t .  

C l i m a t e :  h o t  and  humid 

Predominance i n  t h e  c o u n t r y :  minor  s o i l  i n  t h e  c o u n t r y .  

Compos i t ion  o f  Mapping U n i t s :  

1)  Name of t h e  s o i l  ser ies :  A t a r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  
C a l c i o r t h i d .  

B r i e f  d i s c r i p t i o n :  Th ick  s o i l ,  o v e r  150  clr. t h i c k ,  d a r k  
brown t o  d a r k  r e d d i s h  brown or s t o n y  brown sandy  loam 
o v e r  a  s l i t  loam, c a l c i u m  c a r b o n a t e  a n d  c a l c i u m  s u l f a t e  
i n  t h e  lower p a r t  o f  t h e  p r o f i l e .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

Geomorphic p o s i t i o n :  c o a s t a l  p l a i n  

P a r e n t  M a t e r i a l :  r e c e n t  m a r i n e  s e d i m e n t s .  

S l o p e :  1-3% 

Dominant u s e s :  r a n g e  a n d  l i m i t e d  i r r i g a t e d  a g r i c u l t u r e .  

2 )  Name o f  s o i l  ser ies:  Eoulma 

C l a s s i f i c a t i o n :  s a n d y ,  mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  s andy  s o i l  w i t h  a p a l e  brown sandy  
c l a y  loam, s andy  loam or  s a n d  o v e r  a  d a r k  brown s a n d ,  
t h i c k  s o i l .  

P e r c e n t a g e  of  t h e  mapping u n i t :  3 0 %  

Geomorphir  p o s i t i o n :  r e c e n t  a l l u v i u m  o r  e o l i a n  s a n d s  
f rom n e a r b y  a l l u v i a l  d e p o s i t s .  

P a r e n t  M a t e r i a l :  s a n d  

S lope :  1-2% 

Dominant u s e s :  I r r i g a t e d  a g r i c u l t u r e  and  r ange .  



Symbol: Aw 6 

Name of p r i nc ipa l  s o i l :  Awdiea 

Location and d i s t r i b u t i o n :  dominantly located i n  t h e  ncrth 
p a r t  of the  country. 

Climate: hot  and dry 

Predominance i n  t h e  country: minor s o i l  i n  t he  country.  

Composition of Mapping Units: 

1) Name of t h e  s e r i e s :  Awdiea 

C la s s i f i c a t i on :  coarse loamy, mixed hyperthermic, Typic 
Calc ior th id .  

Brief descr ip t ion:  moderately deep s o i l ,  more than 50 
cm. th ick ,  l i g h t  brownish gray o r  grayish-brown, 
gravel ly  sandy loam with some calcium carbonate on the  
gravel .  

Percentage of t h e  mapping un i t :  50% 

Geomorphic Posi t ion:  

Parent  Material:  ingeous rock. 

Slope: 15-203 

Doninant Uses: Range and watershed. 

2 )  Name of t h e  s o i l  s e r i e s :  Dita 

C l a s s i f i c a t i on :  loamy s k e l e t a l ,  mixed hyperthermic, 
L i t h i c  Calc ior th id .  

Brief descr ip t ion:  t h in  s o i l ,  l e s s  than 50cm., pa le  
brown o r  pinkish gray gravel ly  loam o r  gravel ly  sandy 
loam with a  calcium carbonate layer  below 10%. 

Percentage of t he  mapping u n i t :  20% 

Geomorphic Posi t ion:  Col luvia l  va l ley  and pediment 
. slope.  

Parent Material:  r y o l i t i c  colluvium 

Slope: 1-8% 

Dominant Uses: range and watershed a l s o  includes 20% 
rock outcrop, s t eep  s lopes t h a t  a r e  25%, p r inc ipa l  use 
i s  watershed. 



Symbol: Ba 1 6  

Name of  p r i n c i p a l  s o i l :  Balambal  - Derokoma 

L o c a t i o n  and  d i s t r i b u t i o n :  a l l  o v e r  t h e  c o u n t r y  w e s t  o f  t h e  
moun ta in  r a n g e s ,  and  t h e  p l a t e a u s .  

C l i m a t e :  warm and  dry 

Predominance  i n  t h e  c o u n t r y :  o n e  o f  t h e  major  s o i l s  i n  t h e  
c o u n t r y .  

Compos i t ion  o f  Mapping U n i t s :  

1) Name of the  s o i l  series: Balambal 

C l a s s i f i c a t i o n :  f i n e  .loamy mixed h y p e r t h e r m i c ,  T y p i c  
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  be tween  50-75 c m .  t h i c k ,  y e l l o w i s h -  
r e d  t o  d a r k  reddish-brown,  s t o n y  c l a y  loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  40% 

Geomorphic p o s i t  i on :  e o l i a n  m a t e r i a l  o n  t h e  l a v a  
p l a t e a u .  

P a r e n t  M a t e r i a l :  E o l i a n  s i l t  and s a n d  

S l o p e :  1-3% somet imes  u p  t o  5% 

Dominant u s e s :  r a n g e  

Name of  t he  s o i l  series: Derokoma 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c  T y p i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  75-125 c m .  t h i c k ,  d a r k  brown or 
brown, s t o n y  sandy  c l a y  loam B h o r i z o n .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  30% 

Geomorphic P o s i t i o n :  o n  t h e  l a v a  p l a t e a u  

P a r e n t  M a t e r i a l :  e o l i a n  m a n t l e  

S l o p e :  1-59 m o s t l y  1-28 

Dominant u s e s :  r a n g e .  

Minor i n c l u s i o n  o f  1 0 %  E a s a  D o  and 10% o f  G a r r a y t o  
a r e  i n c l u d e d  i n  t h i s  mapping u n i t .  



Symbol DG 1 

N a m e  o f  p r i n c i p a l  so i l :  D a b a g a l a l e y  

L o c a t i o n  a n d  d i s t r i b u t i o n :  n e x t  t o  t h e  c o a s t  i n  b o t h  t h e  
n o r t h  a n d  t h e  s o u t h  p a r t  o f  t h e  c o u n t r y  j u s t  a b o v e  t ? ~ e  h i g h  
t i d e  z o n e .  

C l i m a t e :  hot  a n d  humid.  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d ,  m i n o r  s o i l  i n  t h e  
c o u n t r y .  

C o m p o s i t i o n  o f  Xapping U n i t s :  

1 )  Name o f  the  s o i l  series:  D a b a g a l a l e y  

C l a s s i f i c a t i o n :  f i n e  loamy,  mixed  h y p e r t h e r m i c ,  Aer ic  
H a l a q u e p t .  

B r i e f  d e s c r i p t i o n :  brawn s a n d y  c l a y  loam s a t u r a t e d  
below 10-40 c m . ,  u n d e r l a i n  by s t r a t i f i e d  g r a v e l ,  s a n d  
a n d  s i l t  a t  a b o u t  40  c m .  May h a v e  v e r y  t h i n  loamy s a n d  
o v e r b u r d e n .  

P e r c e n t a g e  o f  t h e  mapping  u n i t :  70% 

Geomorph ic  p o s i t i o n :  c o a s t a l  p l a i n .  

P a r e n t  M a t e r i a l :  r e c e n t  m a r i n e  s e d i m e n t s .  

S l o p e :  0-1% 

Dominant  u s e s :  n o  s u i t a b l e  u s e s .  



Symbol:  DA 1 6  

N a m e  o f  p r i n c i p a l  so i l :  Daba E a b d a l l e  

L o c a t i o n  a n d  d i s t r i b u t i o n :  l o c a t e d  i n  t h e  p l a t e a u s  a n d  t h e  
m o u n t a i n o u s  r e g i o n s  a r o u n d  t h e  c o u n t r y .  

C l i m a t e :  m o d e r a t e  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  Dominant  s o i l .  

C o m p o s i t i o n  of Mapping U n i t s  : 

1) N a m e  o f  t h e  s o i l  series:  Daba E a b d a l l e  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c ,  A r i d i c  
C a l c i u s t o l l .  

B r i e f  d i s c r i p t i o n :  m o d e r a t e l y  d e e p  50-100 c m . ,  r e d d i s h  
brown or d a r k  r e d d i s h  brown,  s i l t  loam, many s t o n e s ,  
weak m o l l i c  e p i p e d o n  i n  t h e  s u r f a c e ,  y e l l o w i s h  r e d  
g r a v e l l y  s i l t y  c l a y  loam b e l o w  and  a b o u t  40 c m .  

P e r c e n t a g e  o f  t h e  mapping  u n i t :  

G e o m o r p h i c  p o s i t i o n :  o n  l a v a  p l a t e a u s  

P a r e n t  M a t e r i a l :  e o l i a n  m a n t l e  

S l o p e :  1-38 

Dominant  u s e s :  r a n g e  

2 )  Name o f  t h e  s o i l  series:  M i n k i l l e  

C l a s s i f i c a t i o n :  f i n e  loamy,  mixed  h y p e r t h e r m i c ,  P a c h i c  
C a l c i u s t o l l  

B r i e f  d e s c r i p t i o n :  m i l l i c  e p i p e d o n  m o r e  t h a n  50 c m .  
t h i c k ,  it i s  d a r k  g r a y i s h  brown,  s t o n y  loam o r  s t o n e y  
c l a y  loam. 

P e r c e n t a g e  o f  t h e  mapping  u n i t :  20% 

G e o m o r p h i c  p o s i t i o n :  p l a t e a u  

P a r e n t  Material:  e o l i a n ,  s o m e t i m e s  l o c a l  a l l u v i u m  

S l o p e :  1-2% 

Dominant  u s e s :  r a n g e .  

M i n o r  i n c l u s i o n  o f  1 0 %  i n c l u s i o n  o f  T a l u s  w h i c h  i s  
u s e f u l  f o r  w a t e r s h e d ,  w i t h  a s l o p  o f  less  t h a n  1 0 % .  



Symbol: DD 10 

Name of  p r i n c i p l e  s o i l :  Dagah Dere-Goendale Padobe 

L o c a t i o n  and d i s t r i b u t i o n :  E l i  S a b i e h  r e q i o n  and mounta inous  
r e g i o n  o f  Obock. 

C l ima te :  

Predominance i n  t h e  c o u n t r y :  minor so i l .  

Composi t ion  of  Mapping U n i t s :  

1) Name o f  t h e  s o i l  series:  Dagah Dere 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
L i t h i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  less  t h a n  50 c m .  t h i c k ,  y e l l o w i s h  
brown, v e r y  g r a v e l l y  sandy loam o v e r  r o c k .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  50% 

Geomorphic p o s i t i o n :  on r o l l i n g  h i l l s .  

P a r e n t  M a t e r i a l :  r h y o l i t e  

S lope :  8-15% 

Dominant u s e s :  w a t e r s h e d  and r ange .  

2 )  Name o f  t h e  s o i l  series:  Goendale  Madobe 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  less  t h a n  50 c m .  t h i c k ,  o v e r  
f r a c t u r e d  r o c k ,  d a r k  brown t o  l i g h t  y e l l o w i s h  brown 
g r a v e l l y  sandy  c l a y  l o a m  w i t h  a c a l c i c  h o r i z o n .  

P e r c e n t a g e  o f  mapping u n i t :  30% 

Geomorphic p o s i t i o n :  T a l u s  o r  mountain slopes 

P a r e n t  M a t e r i a l :  r h y o l i t i c  s a n d s t o n e  

S lope :  15-20% 

Dominant U s e s :  w a t e r s h e d  and  range .  



Symbol Da 9 

Name of  p r i n c i p a l  sc i l :  Damerkaddae - Afnaba Daba 

L o c a t i o n  and d i s t r i b u t i o n :  i n  t h e  r y o l i t i c  mounta in  zones  
t h r o u g h o u t  t h e  c o u n t r y  n e a r  E l i  S a b i e h  and  n o r t h  o f  T a d j o u r a  

C l i m a t e :  U s u a l l y  warm and  d r y  

Predon-inance i n  t h e  c o u n t r y :  m o d e r a t e l y  dominant  s o i l  i n  t h e  
c o u n t r y .  

Compos i t i cn  of  Mapping U n i t s :  

1) Name of  t h e  s o i l  series:  Damerkadda 

C l a s s i f i c a t i o n :  s andy  s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i c k ,  y e l l o w i s h  brown t o  s t r o n g  
brown v e r y  g r a v e l l y  s a n d  and  v e r y  g r a v e l l y  sandy  loam. 

P e r c e n t a g e  of  t h e  mapping u n i t :  40% 

Geormrphic  p o s i t i o n :  moun ta in  s i d e  s l o p e  and T a l u s  

P a r e n t  M a t e r i a l :  Col luv ium 

S l o p e :  15-20% 

Dominant u s e s :  r a n g e  and  w a t e r s h e d .  

2 )  Name of  s o i l  series:  Afnaba Daba 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  very t h i n  s o i l ,  less t h a n  2 5  c m .  
brown v e r y  g r a v e l l y  s andy  loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  40% 

Geomorphic p o s i t i o n :  on h i g h  s l o p e s  o f  t h e  mountain 
above t h e  T a l u s .  

P a r e n t  M a t e r i a l :  t h i n  t a l u s  or c o l l u v i u m  

S l o p e :  20-50% 

Dominant u s e s :  w a t e r s h e d  and  r a n g e  

Minor i n c l u s i o n s :  o t h e r  s o i l s  i n c l u d e d :  A r r a h a  Ommane 
l G % ,  Da Le Dola  1 0 % .  



Symbol: D i  5 

Name o f  p r i n c i p a l  s o i l :  D i d j a n  D e r  

L o c a t i o n  and  d i s t r i b u t i o n :  a l o n q  s t r e a m s  and  t e r r a c e s  
t h r o u g h o u t  t h e  c o u n t r y .  

C l i m a t e :  h o t  and  d r y  or  warm and d r y  

P redominance  i n  t h e  c o u n t r y :  minor  

Compos i t i on  o f  Mapping u n i t :  

1 )  Name o f  t h e  s o i l  series: D i d j a n  D e r  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i c k  s t o n y  and v e r y  g r a v e l l y  s o i l  
w i t h  a  d a r k  brown sandy  c l a y  loam, h a s  a  c a l c i u m  
c a r b o n a t e  l a y e r  o v e r  200 c m .  t h i c k .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  70% 

Geomorphic  p o s i t i o n :  t e r r a c e s  

S l o p e :  1-3% 

Dominant u s e s :  i r r i g a t e d  a g r i c u l t u r e  and r a n g e  l a n d .  

Minor i n c l u s i o n s :  a b o u t  1 5 %  s t r e a m  c h a n n e l s  10% s i d e  
s l o p e s  a n d  t h e  Eoulma s o i l .  



Symbol: DE 9 

Name of  p r i n c i p a l  so i l :  D i m o  l e  Boda 

L o c a t i o n  and d i s t r i b u t i o n :  n o r t h  of  Lac A s s a l  r e g i o n  i n  t h e  
q u e s  t o r  mounta ins .  

C l i m a t e :  h o t  and d r y  

Predominance i n  t h e  c o u n t r y :  minor 

Composi t ion  o f  Mapping U n i t :  

1 )  Name o f  t h e  s o i l  series:  D i m o  l e  Boda 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
A r i d i c  H a p l u s t o l l  

B r i e f  d e s c r i p t i o n :  t h i n  s o i l  less t h a n  50 cn-.. t h i c k  
o v e r  f r a c t u r e d  r o c k ,  da rk  brown s t o n y  loam. 

P e r c e n t a g e  of  t h e  mapping u n i t :  50% 

P a r e n t  M a t e r i a l :  c o l l u v i u m  and T a l u s  

S lope :  10-30% 

Dominant u s e s :  w a t e r s h e d  and  r a n g e  

Minor i n c l u s i o n s :  40% o f  a  L i t h i c  v a r i a n t  t h a t  h a s  been  
u n d e s c r i b e d  b u t  r e c o g n i z e d  and s u i t a b l e  f o r  w a t e r s h e d  
a l s o  1 5 %  M i n k i l l e .  



Symbol: D t  1 0  

Name of p r i n c i p a l  s o i l :  D i t a  

L o c a t i o n  and d i s t r i b u t i o n :  i n  and a l o n g  c o a s t a l  mounta ins .  

C l ima te :  h o t  and  humid. 

Predominance i n  t h e  c o u n t r y :  minor s o i l .  

Composi t ion  o f  Mapping U n i t s :  

1 )  Name o f  t h e  s o i l  series:  D i t a  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
L i t h i c  C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  less  t h a n  50  c m .  t h i c k ,  p a l e  brown 
and  p i n k i s h  g r a y  g r a v e l l y  sandy loam and g r a v e l l y  loam 
w i t h  a Ca C03 l a y e r .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  70% 

Geomorphic p o s i t i o n :  r o l l i n g  h i l l s .  

P a r e n t  M a t e r i a l :  c o l u v i a l  s i d e  s l o p e s  o r  pediment  
s e d i m e n t s .  

S lope :  3-108 

Dominant u s e s :  w a t e r s h e d  and r ange .  

Minor I n c l u s i o n s :  15% waterways ;  10% rock  o u t c r o p .  



Symbol: EG 1 2  

N a m e  o f  p r i n c i p a l  so i l :  Eado Gafan  

L o c a t i o n  and  d i s t r i b u t i o n :  on  t h e  lower end  o f  t h e  l a r g e r  
p l a y a s  

C l i m a t e :  h o t  and  d r y  

Predominance i n  t h e  c o u n t r y :  minor s o i l  

Compos i t ion  o f  Mapping U n i t s :  

1) Name o f  the so i l  series: Eado Gafan  

C l a s s i f i c a t i o n :  s andy ,  mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  y e l l o w i s h  brown t o  brown s a n d  h a s  
l a v i n a t i o n s  o f  sandy loam up t o  2  c m .  t h i c k  below 10-20 
c m .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  70% 

Geomorphic p o s i t i o n :  l a c u s t r i n e  p l a y a  

P a r e n t  M a t e r i a l :  o l d  l a c u s t r i n e  s e d i m e n t s  

S l o p e :  0-1% 

Dominant u s e s :  none  

Minor  i n c l u s i o n s :  up t o  20% Eoulma and  s a n d  dunes .  



Symbol: Ea 3 1  

Name o f  p r i n c i p a l  so i l :  E a n g a l a l o  

L o c a t i o n  a n d  d i s t r i b u t i o n :  n o r t h e r n  p a r t  o f  t h e  c o u n t r y  n e a r  
t h e  n o r t h e r n  b o r d e r .  

C l i m a t e :  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  s o i l  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 ) N a m e  o f  t h e  s o i l  series:  E a n g a l a l o  

C l a s s i f i c a t i o n :  f i n e  loamy,  mixed  h y p e r t h e r r i c ,  T y p i c  
N a t r a r g i d .  

B r i e f  d e s c r i p t i o n :  50-100 c m .  t h i c k ,  brown t o  y e l l o w i s h  
r e d  s a n d y  c l a y  loam has a  weak B h o r i z o n .  

P e r c e n t a g e  o f  t h e  mapping  u n i t :  70% 

Geomorph ic  p o s i t i o n :  c o l l u v i a l  p l a i n  

P a r a n t  M a t e r i a l :  a l l u v i u m  

S l o p e :  0-1% 

Dominant  u s e s :  i r r i g a t e d  a g r i c u l t u r e  a n d  r a n g e .  

M i n o r  i n c l u s i o n s :  1 0 %  w a t e r w a y s  a n d  few a r e a s  w i t h  
d u n e s  up  t o  7 5  c m .  h i g h .  



Symbol:  Eo 4 

N a m e  o f  p r i n c i p a l  s o i l :  Eoulma 

L o c a t i o n  a n d  d i s t r i b u t i o n :  o n  t h e  coastal  s i d e  o f  t h e  
c o u n t r y  i n  a s s o c i a t i o n  w i t h  t h e  c o l l u v i a l  f a n s .  

C l i m a t e :  hot  a n d  humid 

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  s o i l  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1) N a m e  o f  t h e  s o i l  series: Eoulma 

C l a s s i f i c a t i o n :  s a n d y  mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  

B r i e f  D e s c r i p t i o n :  t h i c k  s o i l ,  o v e r  200 c m .  o f  p a l e  
brown or  brown s a n d ,  e s s e n t i a l l y  n o  s t r u c t u r e  o f  
c h a r a c t e r .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

G e o m o r p h i c  p o s i t i o n :  a l l u v i a l  p l a i n s ,  a l l u v i a l  
t e r r a c e s .  

P a r e n t  Material: a l l u v i u m  

S l o p e :  0-358 

Dominan t  u s e s :  i r r i g a t e d  a g r i c u l t u r e  a n d  r a n g e l a n d .  

M i n o r  i n c l u s i o n s :  1 5 %  w a t e r w a y s ,  20% o f  t h e  a r e a  i s  
c o v e r e d  w i t h  d u n e s  u p  t o  3 0  c m .  h i g h .  



Symbol: Ga 1 6  

Name o f  p r i n c i p a l  s o i l :  G a r r a y t o  

L o c a t i o n  a n d  d i s t r i b u t i o n :  h i g h  p l a t e a u s  i n  n o r t h e r n  p a r t  o f  
t h e  c o u n t r y ,  l i m i t e d  d i s t r i b u t i o n .  

C l i m a t e :  m i l d  t o  cool ,  

Predominance  i n  t h e  c o u n t r y :  minor s o i l .  

Compos i t i on  o f  Mapping U n i t s :  

1 )  Name o f  t h e  s o i l  series: G a r r a y t o  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
L i t h i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i n  s o i l ,  less t h a n  40 cm. t h i c k ,  
l i g h t  brown t o  brown, g r a v e l l y  and v e r y  g r a v e l l y  l o a n .  

P e r c e n t a g e  of  t h e  mapping u n i t :  60% 

Geomorphic  p o s i t i o n :  t o p  o f  p l a t e a u s  

P a r e n t  M a t e r i a l :  t h i n  e o l i a n  m a t e r i a l  o n  l a v a  

S l o p e :  0-3% 

Dominant Uses: l i m i t e d  r a n g e  

Minor  i n c l u s i o n s :  15% S i d a h  Mangala,  15% wa te rways  



Symbol: GB 12 

Name of  p r i n c i p a l  s o i l :  Grand Bara 

Loca t i on  and d i s t r i b u t i o n :  mountainous a r e a s  t h roughou t  t h e  
coun t ry  on l a r g e  p l ayas ,  w e l l  d i s t r i b u t e d .  

Cl imate :  h o t  and d ry  w i t h  l o c a l  d u s t  t w i r l s  d u r i n g  t h e  day 
and r a p i d  c o o l i n g  a t  n i g h t .  

Predominance i n  t h e  country:  moderate e x t e n t .  

Composit ion o f  Mapping Uni t s :  

1) Name of t h e  s o i l  series: Grand Bara 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed hyper the rmic ,  Typic  
Camborthid. 

B r i e f  d e s c r i p t i o n :  t h i c k  s o i l ,  ove r  150 c m .  t h i c k ,  
brown o r  da rk  brown, c l a y  or sandy c l a y  loam w i t h  a  B 
h o r i z o n  w i t h  some ferromanganese and gypsum c r y s t a l s  
below 30cm. 

Pe rcen t age  of  t h e  mapping u n i t :  80-908 

Geomorphic p o s i t i o n :  p laya  b a s i n  

P a r e n t  Ma te r i a l :  l a c u s t r i n e  sed iments  

Slope:  0-18 

Dominant uses :  wa te r  catchment 

Minor i n c l u s i o n s :  some g u l l i e s ,  sma l l  i n c l u s i o n s  of  
Aada so i l .  



Symbol Ha 1 0  

N a m e  o f  p r i n c i p a l  s o i l :  Hadkodley  

L o c a t i o n  a n d  d i s t r i b u t i o n :  i n  s m a l l  a r e a s  a r o u n d  E l i  S a b i e h .  

C l i m a t e :  w a r m  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  Name o f  t h e  s o i l  series: Hadkodley  

C l a s s i f i c a t i o n :  f i n e  loamy,  mixed h y p e r t h e r m i c ,  T y p i c  
C a m b o r t h i d .  

B r i e f  d e s c r i p t i o n :  m o d e r a t e l y  d e e p  s o i l ,  50-100 c m .  
t h i c k ,  d a r k  brown t o  v e r y  d a r k  y e l l o w i s h - b r o w n ,  s a n d y  
c l a y  loam w i t h  a  B h o r i z o n .  May h a v e  s a n d y  loam s u r f a c e  
l a y e r  a n d  may h a v e  g r a v e l  i n  t h e  C h o r i z o n .  

P e r c e n t a g e  i n  t h e  mapping  u n i t :  80% 

Geomorph ic  p o s i t i o n :  w e a t h e r e d  r o l l i n g  h i l l s .  

P a r e n t  M a t e r i a l :  w e a t h e r e d  r o c k  

S l o p e :  u s u a l l y  8-10% 

Dominant  u s e s :  r a n g e  a n d  w a t e r s h e d .  



Symbol HH 27 

Name o f  p r i n c i p a l  s o i l :  Holl-Holl  - Afmeeaytou 

Loca t i on  and d i s t r i b u t i o n :  d i s t r i b u t e d  t h roughou t  t h e  
coun t ry  on s t e e p  s i d e  s l o p e s .  

C l imate :  warm o r  h o t  and d ry  

Predominance i n  t h e  coun t ry :  l i m i t e d .  

Composit ion of  Mapping Un i t s :  

1) N a m e  of  the  s o i l  series: Hol l -Hol l  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  , mixed hype r the rmic ,  
Typ i c  C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  modera te ly  deep t o  deep s o i l ,  5C-150 
cm., dark  ye l l owi sh  brown t o  brown very  g r a v e l l y  sandy 
c l a y  loam B h o r i z o n  and a  c a l c i c  h o r i z o n ,  u n d e r l a i n  a t  
a b o u t  50 c m .  w i t h  y e l l owi sh  brown g r a v e l l y  sandy c l a y  
loam. 

Pe r cen t age  of t h e  mapping u n i t :  35% 

Geomorphic p o s i t i o n :  s t e e p  canyon s i d e  s l o p e s  o r  s l o p e s  
o f f  t h e  l a v a  p l a t e a u s .  

P a r e n t  M a t e r i a l :  Eo l i an  and col luvium on l a v a  f low. 

S lope :  25-708 

Dominant uses :  watershed and range.  

2 )  Name of  t h e  s o i l  series: Afmeeaytou 

C l a s s i f i c a t i o n :  sandy,  mixed hype r the rmic ,  Typic  
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  less than  75  cm. t h i c k ,  da rk  brown 
o r  s t r o n g  brown g r a v e l l y  sand.  

Pe r cen t age  of t h e  mapping u n i t :  

Geomorphic p o s i t i o n :  on pediment s l o p e s  a long  canyons 
o r  t h e  s t e e p  s l o p e s  o f f  t h e  l a v a  p l a t e a u s .  

P a r e n t  M a t e r i a l :  Eo l i an  M a t e r i a l  and co l luv ium.  

S lope :  15-258 

Dominant uses :  r ange  and watershed.  



Minor  I n c l u s i o n s :  2 0 %  r o c k  o u t c r o p  w i t h  a d o m i n a n t  u s e  
o f  w a t e r s h e d .  



Symbol J A  16 

Name of p r inc ipa l  s o i l :  Jaban Eas-Guistir 

Location and d i s t r i bu t i on :  p r inc ipa l ly  on t h e  coas t a l  p la ins  
i n  t he  southern pa r t  of the  country. 

Climate: humid, hot  climate.  

Predominance i n  the  country: moderate extent .  

Composition of Mapping Units: 

1) Name of t he  s o i l  s e r i e s :  Jaban Eas 

Class i f i ca t ion :  f i n e  loamy, mixed hyperthernic,  Typic 
Calc ior th id .  

Brief descript ion:  th ick ,  over 150 cm., red o r  
yellowish gravel ly clay loam o r  clay loam w i t h  a  B 
horizon, a t  7 5  cm. accumulations of calcium s u l f a t e  w i t h  
accumulations of sodium carbonate. 

Percentage of t he  mapping uni t :  35% 

Geomorphic posi t ion:  lava flows on t h e  coas ta l  p la in .  

Parent Material:  eol ian  mantle. 

Slope: 2-4% some areas  up t o  8%.  

Dominant uses: range. 

2 )  Name of t he  s o i l  s e r i e s :  Gu i s t i r  

C lass i f i ca t ion :  f i n e  loamy, mixed hyperthermic, Typic 
camborthid. 

Brief description: thick over 150 crn. th ick  of reddish- 
brown or  dark reddish brown clay loam with a  B horizon, 
rose gypsym below about 30 cm and disseminated calcium 
carbonate below 7 5  cm. 

Percentage i n  t h e  mapping un i t :  25% 

. Geomorphic posi t ion:  lava flow on t h e  coas t a l  p la in .  

Parent Material: eol ian  mantle. 

Slope: 2-4% 

Dominant uses: range 

Minor inclusions: 20% of areas  of 5-8% slopes and a l s o  
15% water channels. 



Symbol :  K 1  4 

N a m e  o f  p r i n c i p a l  s o i l :  K a l l o l o u  

L o c a t i o n  a n d  d i s t r i b u t i o n :  n o r t h e r n  c o a s t a l  p l a i n s ,  a n d  
a l o n g  s t r e a m  c h a n n e l s .  

C l i m a t e :  h o t  a n d  humid .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  N a m e  o f  t h e  s o i l  series:  K a l l o l o u  

C l a s s i f i c a t i o n :  s a n d y  s k e l e t a l ,  mixed  h y p e r t h e r m i c ,  
T y p i c  T o r r i f l u v e n t .  

B r i e f  d e s c r i p t i o n :  t h i n  s o i l  w i t h  n o  d e v e l o p m e n t ,  d a r k  
brown s t o n y  s a n d .  

p e r c e n t a g e  o f  t h e  m a p p i n g  u n i t :  50% 

G e o m o r p h i c  p o s i t i o n :  a l l u v i a l  ter race a n d  stream 
deposi t s .  

P a r e n t  Material:  A l l u v i u m  

S l o p e :  0 -2% 

Dominan t  u s e s :  i r r i g a t e d  a g r i c u l t u r e  a n d  r a n g e .  

M i n o r  i n c l u s i o n s :  20% o f  Houmboul i  s o i l ,  20% o f  water 
c o u r s e s .  



Symbol: Kn 4 

Name o f  p r i n c i p a l  so i l :  Kenannaba 

L o c a t i o n  and  d i s t r i b u t i o n :  a l o n g  s t r e a m  c h a n n e l s  and  i n  
l a r g e r  a r e a s  i n  t h e  n o r t h e r n  p a r t  o f  the  c o u n t r y .  

C l i m a t e :  hot  or warm and  dry 

Predominance  i n  t h e  c o u n t r y :  l i m i t e d  s o i l .  

Compos i t i on  o f  Mapping U n i t s :  

1) Name o f  t h e  s o i l  series: Kenannaba 

C l a s s i f i c a t i o n :  sandy  s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  deep  s o i l ,  n o  s i g n i f i c a n t  
deve lopmen t ,  l i g h t  brown or brown g r a v e l l y  s and .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  50% 

Geomorphic  p o s i t i o n :  terraces a n d  pediment  c o l l u v i a l  
s l o p e s .  

P a r e n t  M a t e r i a l :  a l l u v i u m  on c o l l u v i a l  s a n d s  and  
g r a v e l s .  

S l o p e :  1-2% 

Dominant u s e s :  i r r i g a t e d  a g r i c u l t u r e  a n d  r ange .  

Minor  i n c l u s i o n s : .  20% Houmbouli, 20% w a t e r  c o u r s e s .  



Symbol :  LD 9 

N a m e  o f  p r i n c i p a l  s o i l :  L a h i  D a d d a e o  - A f n a b a  Daba 

L o c a t i o n  a n d  d i s t r i b u t i o n :  i n  n o r t h w e s t e r n  p a r t  o f  t h e  
c o u n t r y .  

C l i m a t e :  u s u a l l y  h o t  a n d  d r y  o r  m i l d  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

C o m p o s i t i o n  o f  M a p p i n g  U n i t s :  

1) N a m e  of t h e  s o i l  series: L a h i  D a d d a e o  

C l a s s i f i c a t i o n :  f i n e  l o a m y ,  m i x e d  h y p e r t h e r m i c ,  L i t h i c  
T o r r i o r t h e n t  . 
B r i e f  D e s c r i p t i o n :  medium t h i c k ,  less t h a n  60 c m .  
t h i c k ,  l i g h t  brown t o  brown g r a v e l l y  loam or g r a v e l l y  
c l a y  loam o r  s a n d y  c l a y  l o a m .  

P e r c e n t a g e  o f  t h e  m a p p i n g  u n i t :  4 0 %  

G e o m o r p h i c  p o s i t i o n :  m o u n t a i n  s i d e  s lope 

P a r e n t  Mater ia l :  r h y o l i t i c  c o l l u v i u m  

S l o p e :  20-35% 

D o m i n a n t  u s e s :  w a t e r s h e d  a n d  r a n g e .  

2 )  Name o f  t h e  s o i l  series: A f n a b a  Daba 

C l a s s i f i c a t i o n :  l oamy s k e l e t a l  m i x e d  h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  v e r y  t h i n ,  less t h a n  2 0  c m .  t h i c k ,  
brown v e r y  g r a v e  1 l y  sandy  loam. 

P e r c e n t a g e  o f  t h e  m a p p i n g  u n i t :  

Geomorphic p o s i t i o n :  u p p e r  s l o p e s  i n  t h e  m o u n t a i n s .  

P a r e n t  Mater ia l :  t h i n  c o l l u v i u m .  

S l o p e :  15-50% 

D o m i n a n t  u s e s :  w a t e r s h e d .  

M i n o r  i n c l u s i o n s :  20% rock o u t c r o p .  



Symbol: MA 16 

Name o f  p r i n c i p a l  s o i l :  M a a r i g i  

L o c a t i o n  a n d  d i s t r i b u t i o n :  p r i n c i p a l l y  i n  t h e  h i g h  p l a t e a u s  
i n  t h e  n o r t h e r n  p a r t  o f  t h e  c o u n t r y .  

C l i m a t e :  u s u a l l y  m i l d  a n d  d r y .  
* 

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  Name o f  t h e  s o i l  series: M a a r i a g i  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed  h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  , 

B r i e f  d e s c r i p t i o n :  m o d e r a t e l y  d e e p  t o  d e e p  100-150 c m .  
t h i c k ,  brown a n d  l i g h t  b r o w n i s h  g r a y  g r a v e l l y  and  v e r y  
g r a v e l l y  c l a y  loam a n d  g r a v e l l y  loam. 

P e r c e n t a g e  of t h e  mapping  u n i t :  6 0 %  

Geomorph ic  p o s i t i o n :  w e a t h e r e d  r o c k  m a t e r i a l  o n  h i g h  
p l a t e a u s .  

P a r e n t  M a t e r i a l :  w e a t h e r e d  r o c k .  

S l o p e :  3-8% 

Dominant  u s e s :  r a n g e  a n d  w a t e r s h e d .  

Minor  i n c l u s i o n s :  15% o f  Dagah Dere, 1 0 %  r o c k  o u t c r o p .  



Symbol:  Ou 9 

N a m e  o f  p r i n c i p a l  s o i l :  Oueah-Degamankal  

L o c a t i o n  a n d  D i s t r i b u t i o n :  d i s t r i b u t e d  t h r o u q h o u t  t h e  
c o u n t r y  i n  t h e  m o u n t a i n o u s  r e g i o n .  

C l i m a t e :  warm t o  h o t  d r y  areas.  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m o d e r a t e  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1) N a m e  o f  t h e  s o i l  series:  Oueah 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  m i x e d  h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  m o d e r a t e l y  d e e p ,  more t h a n  5 0  c m .  
t h i c k  o f  g r a y i s h  brown a n d  brown v e r y  g r a v e l l y  s a n d y  
loam.  

P e r c e n t a g e  o f  t h e  mapp ing  u n i t :  4 5 %  

Geomorphic p o s i t i o n :  steep m o u n t a i n  slopes. 

P a r e n t  Material: c o l l u v i u m  a n d  T a l u s .  

S  lope: 2 5-40% 

Dominan t  u s e s :  w a t e r s h e d .  

2 )  K a m e  o f  s o i l  series:  Degamanka l  

C l a s s i f i c a t i o n :  s a n d y ,  m i x e d  h y p e r t h e r m i c ,  L i t h i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i n  s o i l  less t h a n  2 5  c m .  t h i c k ,  
b r o w n  and y e l l o w i s h  b r o w n ,  g r a v e l l y  a n d  very  g r a v e l l y  
s a n d y  loam w i t h  some c a l c i u m  c a r b o n a t e  c o a t i n q s  on t h e  
g r a v e l .  

P e r c e n t a g e  o f  the  mapp ing  u n i t :  3 5 %  

G e o m o r p h i c  p o s i t i o n :  u p p e r  m o u n t a i n  s l o p e s .  

P a r e n t  Material: C o l l u v i u m .  

S l o p e :  8-253 

Dominan t  u s e s :  w a t e r s h e d .  

M i n o r  i n c l u s i o n s :  1 0 %  T a l u s ,  20% r o c k  o u t c r o p .  



Symbol :  RD 1 2  

N a m e  o f  p r i n c i p a l  s o i l :  R i f f o r  Damoun 

L o c a t i o n  a n d  d i s t r i b u t i o n :  i n  t h e  l o w e r  p a r t s  o f  t h e  l a r g e r  
u n d r a i n e d  p l a y a s .  

C l i m a t e :  h o t  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  N a m e  o f  t h e  s o i l  series:  R i f f o r  Damoun 

C l a s s i f i c a t i o n :  loamy,  mixed  h y p e r t h e r m i  c,  T y p i c  
S a l o r t h i d .  

B r i e f  d e s c r i p t i o n :  t h i c k  so i l ,  o v e r  1 5 0  c m .  t h i c k ,  
brown or  d a r k  brown,  s i l t y  c l a y  loam o r  c l a y  loam w i t h  
s o d i u m  s a l t  c o n c e n t r a t i o n s  below 20-40 c m .  

P e r c e n t a g e  o f  t h e  mapp ing  u n i t :  1 0 0 %  

G e o m o r p h i c  p o s i t i o n :  l o w e r  p l a y a  b a s i n  or  p l a y a  b a s i n  
c a t c h m e n t .  

P a r e n t  material: L a c u s t r i n e  s e d i m e n t s  

S l o p e :  less  t h a n  1% 

Dominan t  u s e s :  n o n e .  



Symbol: WD 1 3  

Name of  p r i n c i p a l  s o i l :  Wanni Daear-Malhadlou 

L o c a t i o n  and  d i s t r i b u t i o n :  a l o n g  t h e  s i d e  s l o p e s  of  p l a y a  
b a s i n s  t h r o u g h o u t  t h e  c o u n t r y  p r i n c i p a l 1 . y  i n  t h e  w e s t e r n  
p a r t .  

C l i m a t e :  u s u a l l y  h o t  and  d r y .  

Predominance  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

Compos i t i on  o f  Mapping U n i t s : :  

1)  Name o f  t h e  s o i l  series:  Wanni Daear  

C l a s s i f i c a t i o n :  loamy, mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t  . 
B r i e f  d e s c r i p t i o n :  t h i n  s o i l  less t h a n  30  c m .  t h i c k ,  
d a r k  y e l l o w i s h  brown g r a v e l l y  s i l t  loam o f t e n  o v e r  m a r l  
o r  mar ly  s a n d .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

Geomorphic  p o s i t i o n :  s i d e  s l o p e s  of  l u c u s t r i n e  p l a i n s  
o f  t e n  e r o d e d .  

P a r e n t  M a t e r i a l :  m a r l  and  sands  and g r a v e l s .  

S l o p e :  5-25% 

Dominant u s e s :  r a n g e  and  w a t e r s h e d .  

2 )  Name o f  s o i l  series:  Malhadlou 

C l a s s i f i c a t i o n :  loamy, mixed h y p e r t h e r m i c ,  T y p i c  
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  m o d e r a t e l y  t h i c k  be tween  100-150 c m .  
s t r o n g  brown o r  y e l l o w i s h - r e d  s i l t  loam or s i l t y  c l a y  
loam w i t h  a  c a l c i c  h o r i z o n ,  may h a v e  o v e r b u r d e n  of v e r y  
g r a v e l l y  s a n d ,  o v e r l i e s  l u c u s t r i n e  m a r l  a t  1 . 5  t o  2  rn. 

P e r c e n t a g e  of  the  mapping u n i t :  25% 

Geomorphic p o s i t i o n :  s i d e  s l o p e s  on d i s e c t e d  l a c u s t r i n e  
m a r l .  

P a r e n t  M a t e r i a l :  l a c u s t r i n e  m a r l .  

S l o p e :  5-25% 

Dominant u s e s :  w a t e r s h e d .  



Symbol :  1 7  

N a m e  o f  t h e  u n i t :  L a v a  f l o w  

L o c a t i o n  a n d  d i s t r i b u t i o n :  t h r o u q h o u t  t h e  c o u n t r y ,  
p r i n c i p a l l y  w e s t  o f  t h e  h i g h e r  m0unta i .n  r a n g e s .  

C l i m a t e :  h o t  or  warm a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m o d e r a t e  e x t e n t .  

G e o m o r p h i c  p o s i t i o n :  l a v a  f l o w  

P a r e n t  Ka te r i a l :  l a v a  

Slope: 1-25% 

Dominan t  u s e s :  w a t e r s h e d  

M i n o r  i n c l u s i o n s :  20% o f  Dagah Dere s o i l ,  1C% o f  K a l l o l o u .  
s o i l .  



Symbol:  1 9  

Name o f  the  U n i t :  Wadi c h a n n e l  

L o c a t i o n  a n d  d i s t r i b u t i o n :  t h r o u g h o u t  t h e  e n t i r e  c o u n t r y .  

C l i m a t e :  o f t e n  h o t  and  d r y  

M i s c e l l a n e o u s  l a n d  t y p e  - Wadi c h a n n e l  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

P r e c e n t a g e  of t h e  mapping u n i t :  70-75% 

Geomorphic p o s i t i o n :  Wadi C h a n n e l  

P a r e n t  M a t e r i a l :  S t r e a m  s e d i m e n t  

S l o p e :  1-3% 

Dominant  u s e s :  w a t e r  s t o r a g e  

M i n o r  i n c l u s i o n s :  1 0 %  o f  D i d j a n  D e r  s o i l ,  1 0 %  o f  Eoulma 
s o i l .  



S y m b o l :  2 0  

N a m e  o f  t he  U n i t :  Reach 

L o c a t i o n  a n d  d i s t r i b u t i o n :  a l o n g  the  c o a s t a l  r e g i o n .  

C l i m a t e :  ho t  a n d  h u m i d .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

M i s c e l l a n e o u s  l a n d  t y p e :  Beach  

B r i e f  d e s c r i p t i o n :  s a n d  

G e o m r p h i c  p o s i t i o n :  b e a c h  

P a r e n t  M a t e r i a l :  s a n d  

D o m i n a n t  u s e s :  r e c r e a t i o n  



Syrrbol: 2 2  

Name o f  U n i t :  S a l t  

L o c a t i o n  and  d i s t r i b u t i o n :  o c c u r s  on  Lac  A s s a l  

C l i m a t e :  v e r y  h o t  and  d r y  

Predominance  i n  t h e  c o u n t r y :  l i m i t e d  

Dominant u s e s :  s a l t  -and t o u r i s m  



Symbol: 2 5  

N a m e  of t h e  U n i t :  mud f l a t .  

L o c a t i o n  and  d i s t r i b u t i o n :  n e a r  L a c  Abbe 

C l i m a t e :  h o t  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

M i s c e l l a n e o u s  l a n d  t y p e :  mud f l a t  

B r i e f  d e s c r i p t i o n :  Exposed l a k e  mud i s  b a r r e n .  

Geomorphic  p o s i t i o n :  r e c e n t l y  exposed  l a c u s t r i n e  mud f l a t s .  

P a r e n t  m a t e r i a l :  r e c e n t  l a c u s t r i n e  s e d i m e n t s .  

S l o p e :  0-1% 

Dominant  u s e s :  none.  



Symbol:  2 8  

Name of t h e  U n i t :  Mar l  

L o c a t i o n  a n d  d i s t r i b u t i o n :  i n  a s s o c i a t i o n  a t  t h e  p e r i p h e r y  o f  
t h e  major l a c u s t r i n e  l a k e  bed. 

C l i m a t e :  u s u a l l y  h o t  a n d  d r y .  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

M i s c e l l a n e o u s  l a n d  t y p e :  Marl. 
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Symbol :  2 9  

Name o f  t h e  U n i t :  Coral  s l o p e s  

L o c a t i o n  a n d  d i s t r i b u t i o n :  o c c u r s  o n  t he  i s l a n d s  a n d  t h e  
c o a s t  b e t w e e n  T a d j u o n  a n d  Obock 

C l i m a t e :  H o t  a n d  h u m i d  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  v e r y  l i m i t e d  

C o m p o s i t i o n  of Mapping U n i t s :  n o  s i g n i f i c a n t  so i l s  i n c l u d e d .  



4.0 NATIONAL SOILS MAP SOIL SERIES -- INTERPRETATIONS 

4.1 Location of Random Sample S i t e s  
(1:100,000 SOILS MAP) 

The following char t  shows the  location of random sa rp l e  
s i t e s  and t h e i r  a t tendent  map symbol. 

Map Symbol Ser ies  Name 

Aada 
Adoy 1 a 
Afmeeaytou 
Afnaba Daba 
Easa Gelaw 
A 1  Kibo 
Arraha Ommane 
Arta 
Atar 
Awdiea 
Balambal 
Daba Eabdalle 
Dabaga la  ley 
Daga Dere 

Da l e  Dola 
Damerkaddae 
Didjan Der 
Dimo Le Roda 
Degamankal 
Derok koma 
Dita 
Easa Do 
Eado Gafan 
Eanga lalo 
Eoulma 
Garrayto 
Goray Eeeb 
Grand Bara 
Gu i s t i r  
Hadkodley 
Holl-Holl 
Houmboul i 
Jaban Eas 
Ka 1 l o  lou 
Kenannaba 
Lahi Daddaeo 
Maarigi 
Ma lh ad lou 
Mink i 1 l e  
Oueah 

Location of - 
Description 
S i t e s  



Map Symbol S e r i e s  Name 

R i  f for-Darnoun 
Wanni Daear 
Talus s lope  
Lava flow 
Wadi channel 
Reach 
Mud f l a t  
Marl . 
S a l t  marsh 
Rock outcrop 

Location of - 
Description 
S i t e s  



4.2 Key t o  S o i l  In te rper ta t ions  Symbols -- 
4.2.1 - Land Capabil i ty Class i f i ca t ion  

The So i l s  a r e  divided i n t o  8 (I-VIII)  ca tegor ies  
depending on t h e  i n t e n s i t y  of land use (see  Buchman and Brandy) from 
we11 t i l l e d  row crops t o  watershed and wi ld l i f e  hab i t a t .  For a l l  
categories,  except I ,  t he re  i s  a  l imi ta t ion t o  t h e  use of t h a t  s o i l  
f o r  agr icul ture .  A l l  of Djibouti  is  too a r id  fo r  c l a s s  I land because 
these  s o i l s  require  i r r i g a t i o n  f o r  ag r i cu l tu ra l  production. 
Therefore, t he  a r id  l imi ta t ion  i s  assumed fo r  a l l  s o i l s  of t h e  
country. The following l i s t  of l e t t e r s  which follow the  Roman 
Numerals of t h i s  c l a s s i f i c a t i o n  system ind ica te  t he  important s p e c i f i c  
r e s t r a i n t :  

w = ava i lab le  water capacity 
r = rooting zone depth in  l e s s  than one meter 
s = s lope is grea te r  than 5 percent 
d = drainage fo r  leaching s a l t s  
c  - s u s c e p t i b i l i t y  t o  water overflow 
a  - a l k a l i n i t y  
g - stoniness 
v = wind erosion and blowing 
e  = erosion suscep t ib i l i t y  

4.2.2 I r r i q a t i o n  S u i t a b i l i t y  Class i f i ca t ion  

The code fo r  i r r i g a t i o n  s u i t a b i l i t y  i s  t he  same 
f o r  a l l  8 ( I  through v I I I )  catagories of t he  land capabi l i ty  
c l a s s i f i ca t i on  without t h e  a r i d i t y  l imi ta t ion as a  const ra in t .  The 
same symbols of l imi ta t ion  a r e  indicated as  they a f f e c t  i r r i g a t i o n  
agr icul ture .  Therefore, i r r i g a t i o n  i s  assumed fo r  a l l  these  s o i l s  and 
no addi t ional  symbol i s  used. 

4.2.3 In t e rna l  Drainaqe Class i f ica t ion 

Here t he  land capabi l i ty  categories are:  

I no l i m i t s  t o  i n t e rna l  drainage pract ices  
I1 moderate l i m i t s  

I11 severe l i m i t s  

The l i m i t s  considered t o  a f f ec t  i n t e rna l  drainage 
are:  

permeability,  t ex ture  and s t ruc tu re  
depth t o  bedrock 
depth t o  t h e  water t ab l e  
s teepness of slope 
d i t ch  bank s t a b i l i t y  
flooding o r  ponding 
s a l i n i t y  o r  a lka l in i t y  
ava i lab le  o u t l e t s  



4.2.4 Terraces - and Diversions Su i t ab i l i t y  Class i f icat ions  

The categories here are: 

I  no l imi t s  t o  building terraces  
11 moderate l imi t s  

I11 severe l imi t s  

The factors  determining the  s u i t a b i l i t y  for terraces  
are: 

p = slope, steepness and length 
r = depth t o  bed rock 
f = stones and outcrops 
w = wind  hazard 
t = texture  and permeability 
c = channel s i l t a t i o n  
s = o u t l e t  ava i l ab i l i t y  
e = flooding hazard 

4.2.5 Embankments Su i t ab i l i t y  Classif ication 

The major categories are: 

I no l imi t s  t o  construct embankments 
I 1  moderate l imi t s  

I11 severe l imi t s  

The factors  determing s u i t a b i l i t y  are: 

r = depth of the  s o i l  
t = s o i l  texture  
e = Soi l  erosiveness 
p = percent and length of slope 
g = presence of gypsum or  s a l t  
c = stones 

4.2 .6  - Pond Reservior Su i t ab i l i t y  Classif ication 

The major categories are: 

I no l imi t s  t o  pond construction 
I1 moderate l imi t s  

I11 severe l imi t s  

The factors  determing s u i t a b i l i t y  are: 

t = permeability 
w = depth t o  the  water tab le  
r = depth t o  bedrock, less  than 2 meters 
p = slope 
e = flooding hazard 



Rangeland C l a s s i f i c a t i o n ,  e s t i m a t e d  p r o d u c t i o n  

I good p r o d u c t i o n  of 200-500 K p e r  Hc 
I1 l i m i t e d  p r o d u c t i o n  of  50-200 K p e r  Hc 

I11 non-usable p r o d u c t i o n  0-50 K p e r  Hc 

4.3 I n t e r p r e t a t i o n  

What f o l l o w s  % a r e  t h e  a c t u a l  s o i l s  i n t e r p r e t a t i o n  of  t h e  
random sample s i t e s .  



L o c a t i o n :  247.8 E 
1245.2 N 

0-15 c m :  A h o r i z o n :  color  brown 1 0 ~ ~ / 5 / 3  ( d r y )  s a n d ;  b r w n  7 . 5 ~ ~ / 4 / 4  
( w e t )  s t r u c t u r e l e s s :  loose m i l d  e f f e r v e s c e n t :  p H  7.5-8,  
s o r t e d  and  s t r a t i f i e d  a e o l i a n  dune  l a y e r s  o f  1-3 mm. 
D i f f e r e n t  p a r e n t  m a t e r i a l  f rom u n d e r l y i n g  s o i l  a b r u p t  
boundary  ; 

15-40+cm: Bb h o r i z o n ;  d a r k  brown 7 . 5 ~ ~ / 3 / 4  ( d r y )  s i l t  loam d a r k  brown 
7 .  ~ Y R /  314 ( m o i s t )  m o d e r a t e  l a r g e  b r e a k i n g  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  15% f i n e  g r a v e l s .  lCYR/4/4 
( w e t )  v e r y  f r i a b l e ,  s t r o n g l y  e f f e r v e s c e n t :  few f i n e  
p o r e s .  

Comment: s andy  dunes  o f  1 -4  m p r o f i l e  between dunes  s h r u b s  and 
g r a s s  5-10% v e g e t a t i o n  c o v e r  o f  30-50 c m  h i g h ;  0-5% 
s l o p e  ( smoo th )  l o c a t i o n :  on t h e  r i m  o f  t h e  b a s i n  of  
Grand Bara  (1 t o  2 mks w i d e )  a t  a b o u t  2 5  m o f  t h e  E a s t  
and  7 5  m S E  c o r n e r  o f  t h e  Garden.  

C l a s s i f i c a t i o n :  c o a r s e  loamy, mixed, h y p e r t h e r m i c  T y p i c  Camborthid 

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  111s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  111s 

Range: 20% h e r b s  and  g r a s s  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and  d i v e r s i o n s :  I I p  

Embankments, d i k e s  and  l e v e e s :  I1 t ; e ; p  

Pond r e s e r v i o r :  I I I p ;  t 



ADOYLA 

L o c a t i o n :  247.5 E 
1319 .8  N 

A.D. /F.o.  / J . G .  

0-10 c m :  A h o r i z o n :  10YR/4/2 d a r k  g r a y i s h  brown ( d r y ) ,  10YR/3/2 v e r y  
d a r k  g r a y i s h  brown ( m o i s t ) ;  s andy  loam; weak medium t o  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  few f i n e  woody 
r o o t s ;  c l e a r  and  wavy boundary ;  

10-50 c m :  C h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  1 0 ~ ~ / 2 / 1  b l a c k  
( m o i s t ) ;  g r a v e l l y  sandy  loam; weakly  s t r a t i f i e d ;  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  commn 
woody roots.  

S u r f a c e :  20% c o b b l e s  and  75% f i n e  g r a v e l  

I n c l u s i o n s :  D I D J A N  D E R  

P o s i t i o n :  T e r r a c e  ( i n  a l l u v i u m )  

P a r e n t  M a t e r i a l :  Mixed a l l u v i u n  

V e g e t a t i o n :  25% c o v e r  ( a c a c i a  t o r t i l i s  2-3 m ,  h u s h )  

E r o s i o n :  O c c a s i o n a l  f l o o d i n g  
0 

Tempera tu re :  27.9 C 

C l a s s i f i c a t i o n :  c c a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i f l u v e n t  

S o i l  I n t e r p e r t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I I I g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I I q  

Range: I1 25% b u s h  

I n t e r n a l  d r a i n a g e :  I I b  

T e r r a c e s  and d i v e r s i o n s :  I I f  

Entbankments, d i k e s  and  l e v e e s :  I Ic  

Pond r e s e r v i o r :  I I I p  



AFEAS I N  GA FAN 

L o c a t i o n :  193 .1  E 
1268 .2  N 

Land Type: T a l u s  

S l o p e :  S l o p e  a b o u t  1 0 0 %  

I n c l u s i o n s :  20% r o c k  o u t c r o p  

V e g e t a t i o n :  1% v e g e t a t i o n  c o v e r  ( w a n a i t ,  d r a i f ,  magal  x i d )  

Comment: T a l u s  s l o p e  a b o u t  75% F u l l  o f  s a n d  and  g r a v e l  i n  t h e  
i n t e r s t i c e s .  Dominan t ly  b o u l d e r s  and s t o n e s .  

Land U s e  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  None 

Range: B a r r e n  

I n t e r n a l  d r a i n a g e :  I I I i  

T e r r a c e s  a n d  d i v e r s i o n s :  I I I p  

Embankments, d i k e s  and  l e v e e s :  I I I p  

Pond r e s e r v i o u r :  I I I p  



AF'MEEAYTOU 

L o c a t i o n :  174 .6  E 
1260 .7  N 

0-20 c m .  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  ( b r o w n )  d r y ,  1 0 ~ ~ / 3 / 3  ( d a r k  brown)  m o i s t ;  
g r a v e l l y  s a n d ;  35% 3-20 c m  s t o n e s ;  s t r u c t u r e :  none ;  
l o o s e ,  v e r y  f r i a b l e ,  non-s t i c k y  ; common f i n e  f i b r o u s  
roots; s t r o n g l y  e f f e r v e s c e n t ;  c lear  and  wavy bounda ry ;  

20-35 c m :  Bca h o r i z o n ;  1 0 ~ ~ / 4 / 6  ( s t r o n g  brown)  d r y ,  7 . 5 ~ ~ 1 4 1 6  ( s t r o n g  
brown)  m o i s t ;  g r a v e l l y  s a n d ;  s t r u c t u r e :  none ;  l o o s e ,  
v e r y  f r i a b l e ,  n o n - s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  CaC03 
o n  a l l  p a r t s  o f  t h e  g r a v e l ;  common f i n e  f i b r o u s  r o o t s ;  
i r r e g u l a r  and  d i f f u s e d  b o u n d a r y ;  

35-60 c m :  C h o r i z o n ;  7 . 5 ~ ~ 1 4 1 4  ( d a r k  brown)  d r y ,  5  YR/3/3 ( d a r k  
r e d d i s h  b r w n )  m o i s t ;  g r a v e l l y  s a n d ;  30% f i n e  q r a v e l ;  
s t r u c t u r e :  none ;  loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ,  

S  l o p e  : S l o p e s  f rom 15-25% 

P a r e n t  Material: 10-15% l a v a  o u t c r o p  

V e g e t a t i o n :  2% v e g e t a t i o n  c o v e r  ( d i f f e r e n t  s p e c i e s  o f  g r a s s )  

Comment: 80% s o i l  c o v e r e d  w i t h  s t o n e s  and  b o u l d e r s  o f  1 -1 .5  m h i g h .  
On a l l u v i a l  s l o p e .  

C l a s s i f i c a t i o n :  s andy  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I V s  

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and  d i v e r s i o n s :  I I t  

Embankment, d i k e s  a n d  l e v e e s :  I I t  

Pond r e s e r v i o r :  1 I I t ; p  



AFNABA DABA 

L o c a t i o n :  289.7 E 
1391 .0  N 

0-10+ c m :  C h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
(moist) ; v e r y  g r a v e l l y  sandy  loam; s t r u c t u r e :  none ;  
loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  10% c o b b l e s  and  90% g r a v e l  

I n c l u s i o n s :  50% r o c k  o u t c r o p  

S l o p e :  18% 

P o s i t i o n :  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  metamorphised  r h y o l i t e  

V e g e t a t i o n :  B a r r e n  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I I I i  

T e r r a c e s  and  d i v e r s i o n s :  I11 p ; r  

Embankments, d i k e s  and  l e v e e s :  1 I I r ; p  

Pond r e s e r v i o r :  1 I I r ; p  



AL K I B O  
A . D .  / J . G .  

L o c a t i o n  219.7 E 
1320 .7  N 

E l e v a t i o n :  450 m 

0-25 c m :  C c a  h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  brown 
( m o i s t ) ;  v e r y  s t o n y  c l a y  loam; 40% s t o n e s  and  c o b b l e s ,  
1 5 %  g r a v e l ;  s t r u c t u r e l e s s ;  loose, f r i a b l e  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  t h i c k  CaC03 c o a t i n g s  on r o c k s  and  
f i n e  d i s s e m i n a t e d  CaC03 ; c l e a r  i r r e g u l a r  bounda ry ;  

25-35 c m :  I A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  s a n d y  loam; s t r u c t u r e l e s s :  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  wavy 
bounda ry  ; 

35-b0+ crr,: I1 Cca h o r i z o n :  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ;  
1 0 ~ ~ / 4 / 4  d a r k  ye l lowi sh -b rown  ( m o i s t )  ; loam; n o  
s t r u c t u r e ;  f i r m  f r i a b l e ,  s l i g h t l y  s t i c k y ;  5% i n c r u s t e d ,  
1 -5  mm CaC03, a n d  s o f t  powdery d i s s e m i n a t e d  CaC03; 
s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  60% s t o n e s  a n d  b o u l d e r s ,  45% g r a v e l  and  c o b b l e s  

I n c l u s i o n s :  10% r o c k  o u t c r o p s ,  40% l i t h i c  v a r i a n t  

S l o p e :  1-3% 

P o s i t i o n :  p l a t e a u  

P a r e n t  M a t e r i a l :  i g n e o u s  l a v a  r o c k s  and  e o l i a n  b u r i e d  s o i l  

E r o s i o n :  m o d e r a t e  water e r o s i o n  
0 

Tempera tu re :  35 .6  C 

C l a s s i f i c a t i o n :  coarse loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  n o n e  

Range: I11 5% herbs; 1 5 0 - 4 0 0 k I ~ c .  

I n t e r n a l  d r a i n a g e :  I11 r ; t ; i  

T e r r a c e s  and  d i v e r s i o n s :  I11 p ; r ; t  

Embankments, d i k e s  a n d  l e v e e s :  I11 r ; t ; p  

Pond r e s e r v i o r :  I11 r ; t ; p  



ARRAHA OMMANE 

L o c a t i o n :  272.4 E 
1256 .3  N 

0-5 c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  brown 
( m o i s t ) ;  g r a v e l l y  s a n d ;  weak medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n q l y  
e f f e r v e s c e n t ;  20 t o  25% 2  t o  20 mm g r a v e l ;  few f i n e  
f i b r o u s  roots; CaC03 c o a t i n g s  on  s t o n e s ;  c l e a r  a n d  
i r r e g u l a r  bounda ry ;  

5-30 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 2  d a r k  brown 
(mo i s t ) ;  v e r y  g r a v e l l y  loam; s t r u c t u r e l e s s ;  loose, 
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i c k  
CaC03 c o a t i n g s  on  r o c k s  and  g r a v e l ;  60% s t o n e s ,  c o b b l e s  
a n d  g r a v e l ;  common medium woody roots; a b r u p t  i r r e q u l a r  
bounda ry  ; 

30+ c m :  R u n f r a c t u r e d  r o c k .  

S u r f a c e :  90% g r a v e l  a n d  s t o n e s  

I n c l u s i o n s :  5  t o  1 0 %  o u t c r o p  - 10-20% t h i c k e r  s o i l  a t  f o o t  s l o p e s  - 
1 0 %  wadi  c h a n n e l s  

s l o p e :  13% (10-20%)  

P o s i t i o n :  s i d e  s l o p e  

P a r e n t  M a t e r i a l :  r h y o l i t e  c o l l u v i u m  o n  r h y o l i t e  moun ta in  

V e g e t a t i o n :  5% g r a s s  3  t o  6  c m ,  5% h e r b s  1 0  t o  30 c m ,  a n d  2  t o  3% 1 m 
a c a c i a  

E r o s i o n :  s e v e r e  w a t e r  
0 

T e m p e r a t u r e :  26.6  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  Cambor th id  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V s ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  None 

Range: I1 5% g r a s s ;  5% h e r b s ;  2% b u s h  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and  d r a i n a g e :  X I 1  p ; r ; f  



ARRAHA OMMANE 

c o n t i n u e d  

Embankments, d i k e s  a n d  l e v e e s ;  I11 r ; p  

Pond r e s e r v i o r :  I11 p ; r  



ARTA 

L o c a t i o n :  267 .1  E 
1274.9  N 

0-15 cm: A l l  h o r i z o n ;  d a r k  y e l l o w i s h  brown 7 . 5 ~ ~ / 3 / 4  ( m o i s t ) ;  
g r a v e l l y  c l a y  loam v e r y  f i n e  and  weak g r a n u l a r  
s t r u c t u r e ;  s o f t  and  f r i a b l e .  pH=7.3 (pH meter):  
s t r o n g l y  e f f e r v e s c e n t  many f i n e  roots; t h i n  f i l m  o f  
CaC03 on  t h e  rock  f r a g m e n t s ,  it i s  cove red  w i t h  75% o f  
c o b b l e s ,  s t o n e s  and  b o u l d e r s  o f  1 0  t o  75  c m ;  c l e a r  and 
smooth boundary ;  

15-40 cm: A12 h o r i z o n :  d a r k  y e l l o w i s h  brown 7 . 5 ~ ~ / 3 / 4  ( m o i s t ) ;  v e r y  
g r a v e l l y  s i l t  loam weak medium s u b a n g u l a r  b l o c k y  
b r e a k i n g  t o  weak f i n e  g r a n u l a r  s t r u c t u r e ;  pH=7.3 (pH 
meter) ;  s t r o n g l y  e f f e r v e s c e n t ;  comon f i n e  r o o t s :  60% 
c o a r s e  g r a v e l s ;  s o f t  f r i a b l e  s o f t  f i n e  d i s s i m u l a t e d  
powdery CaC03 ; g r a d u a l  and wavy boundary ;  

40-37 cm: Acca h o r i z o n ;  ye l lowish-brown 7 . 5 ~ ~ / 5 / 4  v e r y  g r a v e l l y  c l a y  
loam t e x t u r e ;  weak f i n e  g r a n u l a r  s t r u c t u r e ;  60% g r a v e l s :  
pH=7.1; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l ,  d i f f u s e d  and 
i r r e g u l a r  boundary :  

70-200+ c m :  C h o r i z o n ;  d a r k  ye l lowish-brawn 7 . 5 ~ ~ / 3 / 4 ;  v o l c a n i c  l a v a  
f r a c t u r e d ;  c o a r s e  g r a v e l s ;  many f i l m s  o f  CaC03 o n  t h e  
g r a v e l s ;  m i l d l y  e f f e r v e s c e n t .  

I n c l u s i o n s :  These  so i l s  o c c u r  on  s l o p e s  o f  25-508 which r e p r e s e n t  
a b o u t  358 o f  t h e  a r e a .  10% o f  t h e  a r e a  i s  o c c u p i e d  by 
t h e  t o p s  of  t h e  moun ta ins  w i t h  t h i n  so i l s ,  10% w i t h  rock 
o u t c r o p ,  20% w i t h  s l o p e  s h o u l d e r s ,  20% w i t h  s t e e p  v a l l e y  
s l o p e s  w i t h  t h i n  s o i l s ,  10% w i t h  v e g e t a t i o n  c o v e r  
( s o g s o g  dominant ,  guud r a r e ,  k u l a n  1% d h i d i n .  . . ) 

P a r e n t  M a t e r i a l :  s t e e p  mounta ins ,  50 t o  70% c o v e r  of  l a r g e  v o l c a n i c  
bombs. 

Comment: L o c a t i o n :  5  t o  7  m from t h e  r o a d  t o  A r t a  on  t h e  w e s t  s i d e  and 
a t  3  km f rom t h e  j u n c t i o n  o f  t h e  r o a d s  t o  A r t a  and  
Queah. 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  A r i d i c  C a l c i u s t o l l  
( ~ y p i c  T o r r i o r t h e n t ?  ) 

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 



ARTA 

c o n t i n u e d  

Range: I1 10% 

I n t e r n a l  d r a i n a g e :  I11 i : r  

T e r r a c e s  and d i v e r s i o n s :  11.1 p ; r  

Embankments, d i k e s  and l e v e e s :  I11 t : p  

Pond r e s e r v i o r :  I11 t :r :p 



ATAR 

L o c a t i o n :  301.6 E 
1274.3  N 

0-10 c m :  A h o r i z o n ;  brown 7 . 5 ~ ~ / 5 / 4  ( d r y ) ,  da rk  brown 7 . 5 ~ ~ 1 3 1 4  ( w e t ) ;  
s a n d  loam; s t r u c t u r e l e s s ;  l o o s e :  ( d r y ) ;  pH=7.5-8; wind  
d e p o s i t e d  s a n d ,  n o  r e l a t i o n s h i p  w i t h  t h e  s u b  s o i l ;  
a b r u p t  c o n t a c t .  

10-110 cm: B h o r i z o n ;  s t r o n g  brown 7 . 5 ~ ~ 1 4 1 6  ( d r y ) ,  and da rk  brown 
7 . 5 ~ ~ / 3 / 4  ( w e t ) ;  s i l t  loam: modera t e  l a r g e  a n g u l a r  
b l o c k y  b r e a k i n g  t o  moder te  medium and f i n e  a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m  ( d r y )  and f r i a b l e  (mois t ) :  50% o f  
5-25 mm 10yR/8/1 c a r b o n a t e s ;  many p r e s u r e  f a c e s  ( s a n d  on  
f a c e s  o f  l a r g e  f i n e  v e r t i c a l  c r a c k s ;  few f i n e  and  mediurn 
roots;  pH=8.5; g r a d u a l  and  smooth boundary:  

110-130+ c m :  s t r o n g  brown 7 . 5 ~ ~ 1 4 1 6  ( d r y ) ,  da rk  brown 7 . 5 ~ ~ 1 3 1 4  ( w e t )  ; 
s i l t  loam t e x t u r e :  weak medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  5% o f  5  t o  1 0  mm CaC03, Ph=8.5. 

I n c l u s i o n s :  Few 20 c m  s a n d  dunes  

S l o p e :  f l a t  a r e a ;  n e a r  t h e  s e a ;  

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  (90% a c a c i a  and 10% k u l a n )  

Comment: 1 km NE o f  Damerjog a t  t h e  j u n c t i o n  of  t h e  r o a d s  t o  Loyada 
a n d  i r r i g a t i o n  w a t e r  l i n e  t o  ATAR. 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I11 b 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 d ; c ; v  

Range: I 20% bush  

I n t e r n a l  d r a i n a g e :  I1 t 

T e r r a c e s  and  d i v e r s i o n s :  I1 p  

Embankments, d i k e s  and l e v e e s ;  I1 p ; g  

Pond r e s e r v i o r :  I1 t : w  



AWDIEA 

L o c a t i o n :  308.7 E 
1372.1 N 

0-50 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 6 / 2  l i g h t  brownish  g r a y  ( d r y ) ,  1 0 ~ ~ / 5 / 2  
g r a y i s h  brown ( m o i s t )  ; g r a v e l l y  sandy loam; weak medium 
t o  f i n e  s u b a n g u l a r  b locky ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  modera te  CaC03 c o a t i n g  on  
t h e  g r a v e l  and 15% f i n e  d i s s e m i n a t e d  o f  CaC03 and  
secondary  p i t t e d  and i n d u r a t e d  CaC03. 

S u r f a c e :  60% b a s a l t i c  c o b b l e s  and b o u l d e r s  and 90% g r a v e l  

I n c l u s i o n s :  20% rock o u t c r o p ,  20% t a l u s  s l o p e  ( t h i n n e r  s o i l )  l i t h i c  
v a r i a n t .  

S l o p e :  16% 

V e g e t a t i o n :  2% h e r b s  

Eros ion :  g u l l y  e r o s i o n  
0 

Tempera ture :  31.5 C 

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land c a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  None 

Range: I11 2% h e r b s  

I n t e r n a l  d r a i n a g e :  I11 r ; t ; i  

Terraces and d i v e r s i o n s :  I11 p;r;t 

Embankments, d i k e s  and l e v e e s :  I11 r : t ; p  

Pond r e s e r v i o r :  I11 r : t ; p  



BALAMBAL 

Loca t ion :  251 E 
1260 N 

-15-0 cm: v o l c a n i c  bombs of 5  t o  30 c m  cove r ing  75% o f  t h e  a r e a .  

0-2 cm: A ho r i zon ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y )  5 ~ ~ / 3 / 4  da rk  r e d d i s h  
brown ( w e t ) :  s t o n y  c l a y  loam; moderate medium and f i n e  
subangula r  b locky s t r u c t u r e ;  f r i a b l e  ( d r y  and m i s t ) :  
common po re s  (1-2 m m ) ;  t h i n  d i s c o n t i n o u s  CaC03 l a y e r  on 
rocks  b e l o w  t h e  s o i l  s u r f  ace ;  s t r o n g l y  e f f e r v e s c e n t ,  
f i n e  d i s s emina t ed  CaC03; pH 7.5;  a b r u p t  boundary: 

2-35 cm: B hor izon ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ,  5 ~ ~ / 3 / 4  da rk  r e d d i s h  
brown ( w e t ) ;  s t o n y  c l a y  loam; f i rm ,  f r i a b l e ,  nons t i cky ;  
s t r o n g  medium and l a r g e  subangula r  b locky s t r u c t u r e ;  
s t r o n g l y  e f f e r v e s c e n t ,  f i n e l y  d i s semina ted  CaC03 ; pH 
7.5;  few c o a r s e  woody t r e e s  r o o t s :  c l e a r  and wavy 
boundary ; 

35-45+ cm: Cca ho r i zon ;  many con t i nuous  w h i t e  CaC03 c o a t i n g s  on g r a v e l  
uncemented; l oose .  

S lope:  S lope  of 2 t o  3% 

P o s i t i o n :  on a  p l a t e a u ,  f l a t  t o p  

Vege ta t ion :  2 t o  3% cover ;  " b i l c i n " ,  " i b a t e y s "  

C l a s s i f i c a t i o n :  f i n e  loamy mixed hype r the rmic  Typic  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  r :g  

I r r i q a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 5% bush 

I n t e r n a l  d r a inage :  I11 r 

T e r r a c e s  and d i v e r s i o n s :  I11 r;f 

Embankments, d i k e s  and l e v e e s ;  I11 r ; c  

Pond r e s e r v i o r :  I11 r 



8 / 3 / 8 1  
DABA EABDALLE 

L o c a t i o n :  220.3 E 
1220.6 N 

0-14 c m :  A l l  h o r i z o n ;  5 ~ ~ / 4 / 3  reddish-brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  
r e d d i s h  brown (mois t )  ; s i l t  loam;.  modera t e  medium t o  
f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e  n o n s t i c k y ;  
many f i n e  f u n g u s  t r a c e s ;  many f i n e  p o r e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  and  i r r e g u l a r  boundary ;  

14-34 cm: A12 h o r i z o n ;  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  brown ( d r y  and m o i s t ) ;  
s i l t  loam; m o d e r a t e  c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m  f r i a b l e ,  n o n s t i c k y :  many f i n e  f u n g u s  
t r a c e s ;  many f i n e  f i b r o u s  r o o t s :  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a r  and  i r r e g u l a r  boundary ;  

34-40 cm: B h o r i z o n ;  5 ~ ~ / 3 / 4  d a r k  r e d d i s h  brown ( m o i s t ) ,  s i l t y  c l a y  
loam; m o d e r a t e  c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m ,  f r i a b l e  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  common f i n e  f i b r o u s  r o o t s ;  c l e a r  and  
i r r e g u l a r  boundary ;  

40-62 cm: Cca h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  g r a v e l l y  s i l t  c l a y  loam; 
s t r u c t u r e :  none;  l o o s e ,  f r i a b l e ,  s l i q h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  35% g r a v e l ,  t h i n  CaC03 c o a t i n q  on  
a l l  f a c e s  o f  t h e  g r a v e l ;  a b r u p t  and smooth boundary ;  

62-70+cm: R h o r i z o n ;  s o l i d  l a v a ,  b a s a l t i c  rock .  

S u r f a c e :  On t h e  s u r f a c e  90% c o b b l e s  and b o u l d e r s  of v o l c a n i c  bombs. 

P a r e n t  M a t e r i a l :  Lava f low p l a t e a u  w i t h  1-83 l o n g  s l o p e s  l o e s  
c o v e r e d .  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r  of 1 5 %  ( b i l c i n ,  Aousdameir,  k u l a n  1 t o  
1 .5  m h i g h  a n d  d a c a r )  

Tempera ture :  Modera t e ly  c o o l  

Comment: E x t e n s i v e  so i l  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  A r i d i c  C a l c i u s t o l l  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  None g;d 



DABA EABDALLE 

c o n t i n u e d  

Range: 5% bush ;  10% g r a s s e s  and h e r b s ;  4 0 0 k / ~ c  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and  d i v e r s i o n s :  I11 r ; p : f  

Embankments, d i k e s  and l e v e e s :  I11 r ; t  

Pond r e s e r v i o r :  I11 t ; r  



DABAGALALEY 

L o c a t i o n :  301.2 E 
1276 .7  N 

0-2 c m :  En h o r i z o n :  7 . 5 ~ ~ / 4 / 4  brown: loamy s a n d ;  c emen ted  o n  t h e  t o p ;  
s t r u c t u r e l e s s :  l o o s e ,  loose and  n o n s t i c k y ;  m i l d l y  
e f f e r v e s c e n t  (sea  s h e l l s ) ;  when it is  d r y ,  c r u s t  o n  t h e  
s u r f a c e ;  5% f r a c t u r e d  b r o k e n  sea s h e l l s ;  a b r u p t  a n d  
smoo th  b o u n d a r y ;  

2-40 c m :  B h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( w e t  ) ;  
s a n d y  c l a y  loam; weak t o  m o d e r a t e  medium s u b a n a u l a r  
b l o c k y  s t r u c t u r e ;  f r i a b l e ,  s t i c k y ;  m i l d l y  e f f e r v e s c e n t  
( 5 %  s h e l l s ) ;  few common f i n e  roots: s o f t  powdery s a l t  on  
p e d f a c e s ,  some s a l t  c e m e n t a t i o n  i n  some f i n e  s o i  
c r y s t a l s ;  a b r u p t  and  wavy boundary :  

40-60+ c m :  Mixed g r a v e l ,  s a n d  a n d  s i l t :  a l t e r n a t e  l a y e r s  of s a n d  or  
s i l t  or  g r a v e l  ( s u b m a r i n e  g r a v e l s  ) 

V e g e t a t i o n :  l a n d  b a r r e n  o r  v e g e t a t i o n .  

Comment: N e a r l y  l e v e l  w i t h  s l i g h t  u n d u l a t i o n s .  S l i g h t l y  above  h i g h  
t i d e  a b o u t  5  meters; s a l t  w a t e r  t a b l e  f l u c t u a t e s  w i t h  
t h e  t i d e  f r o m  5  t o  2 meters below s u r f a c e .  T h i s  s o i l  
i s  l o c a t e d  n e a r  t h e  sea. 
L o c a t i o n :  500 m S.E. o f  M i l i t a r y  p o s t .  

C l a s s i f i c a t i o n :  f i n e  loamy,  mixed  h y p e r t h e r m i c  Aeric H a l a q u e p t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  r ; a ; d  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  n o n e  

Range:  I11 2% t i d a l  z o n e  b r u s h  

I n t e r n a l  d r a i n a g e :  I11 w ; c ; a : s  

T e r r a c e s  a n d  d i v e r s i o n s :  I1 s 

Embankments, d i k e s  a n d  l e v e e s :  I1 r ; g  

Pond  r e s e r v i o r :  I1 w  



DAGAM DERE 

L o c a t i o n :  267 .1  E 
1 2 4 0 . 1  N 

-2  t o  0 :  F i n e  g r a v e l l y  d e s e r t  pavement .  

0-25 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ;  v e r y  g r a v e l l y  
s a n d y  loam; 1 0 ~ ~ / 4 / 3  brown ( m o i s t )  ; f i n e  g r a n u l a r  
s t r u c t u r e ;  0-1.5  mm l e a c h e d  o f  CaC03; l o o s e ,  f r i a b l e ;  
f i n e  d i s s e m i n a t e d  a n d  1-2 mm CaC03; s t r o n g l y  e f f e r v e s -  
c e n t ;  65% 2-10 mm g r a v e l  f rom f r a c t u r e d  r o c k ;  common 
f i n e  f i b r o u s  r o o t s ;  i r r e g u l a r  a n d  d i f f u s e d  bounda ry ;  

15-40+ c m :  R h o r i z o n ;  10-40 mm f r a c t u r e d  r o c k ;  s t r o n g l y  e f f e r v e s c e n t ;  
2-5 mm CaC03: 

I n c l u s i o n s :  10-15% r o c k  o u t c r o p  

S l o p e :  S l o p e  o f  8-15% a n d  s t r o n g l y  r o l l i n g  s l o p e  

V e g e t a t i o n :  2-5% v e g e t a t i o n  c o v e r  o f  Aurdawad a n d  Aousdarner 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  
T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  r ; s ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I1 5% b u s h ;  5% g r a s s  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p: r ;  f  

Embankments, d i k e s  a n d  l e v e e s :  I11 r;  t ; p  

Pond r e s e r v i o r :  I11 t ; r ; p  



L o c a t i o n :  315.5 E 
1328 .5  N 

0-20 c m :  I C  h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ,  2 . 5 ~ ~ / 4 / 6  d a r k  r e d  
( m o i s t )  ; loamy s a n d ;  s t r u c t u r e :  none: f i n e  s t r a t a ;  
s t r o n g l y  e f f e r v e s c e n t ;  f e w  f i n e  woody r o o t s ;  f l u v i a l  
d e p o s i t  w i t h  a n  e o l i a n  c a p  o f  8-10 c m ;  a b r u p t  wavy 
b o u n d a r y  ; 

20-50+ c m :  I I C  h o r i z o n ;  2 . 5 ~ ~ / 4 / 6  r e d  ( d r y  and  m o i s t ) ;  f i n e  g r a v e l ;  
s t r u c t u r e :  none ;  l a m i n a t e d  1 t o  2  cm g r a v e l  and  s a n d ;  
weak ly  cemented ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  s a n d  a n d  f i n e  g r a v e l  

S  l ope :  0-18 

P o s i t  i o n :  b r o a d  wate rway  

P a r e n t  M a t e r i a l :  a l l u v i u m  f rom n e a r b y  h i l l s  

V e g e t a t i o n :  10% a c a c i a  a n d  f i v e  ( 5 % )  g r a s s  

E r o s i o n :  s u r f a c e  e r o s i o n  a n d  i n u n d a t i o n  a t  e a c h  r a i n  
0 

Tempera tu re :  3 1  C 

C l a s s i f i c a t i o n :  s a n d y  s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w ; r ; s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I1 10% bush ;  5% g r a s s ;  1 5 O k / ~ c  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p ; r ; f  

Embankments, d i k e s  and  l e v e e s :  I11 r ; t ; p ; C  

Pond r e s e v i o r :  I11 t ; r ; p  



DAMERKADCAE 

L o c a t i o n  247.3 E 
1234.0 N 

0-15 cm: A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ;  1 0 ~ ~ / 5 / 6  
y e l l o w i s h  brown ( m o i s t ) ;  ve ry  g r a v e l l y  sand;  weak medium 
t o  f i n e  s u b a n g u l a r  b locky  s t r u c t u r e ;  l o o s e ;  50% 
g r a v e l s ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  1-4 mm 
i n d u r a t e d  CaC03; i r r e g u l a r  d i f f u s e d  boundary;  

15-55 cm: C l l c a  h o r i z o n ;  7 . 5 ~ ~ / 5 / 6  s t r o n g  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brown 
( m o i s t ) ;  very  g r a v e l l y  sand;  50% f r a c t u r e d  p e b b l e s  and 
c o b b l e s ;  weak f i n e  a n g u l a r  b locky s t r u c t u r e :  l o o s e ,  
many 1-10 mm i n d u r a t e d  CaC03 ; s t r o n g l y  e f f e r v e s c e n t ;  
i r r e g u l a r ,  d i f f u s e d  boundary; 

55-140 cm: C12ca h o r i z o n ;  7 . 5 ~ ~ / 5 / 6  s t r o n g  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy loam; 50% f r a c t u r e d  
p e b b l e s  and cobb les :  s t r u c t u r e l e s s ;  l o o s e ,  l o o s e :  common 
1 t o  5 mm i n d u r a t e d  CaC03; s t r o n g l y  e f f e r v e s c e n t ;  
i r r e g u l a r  d i f f u s e d  boundary; 

I n c l u s i o n s :  t h i s  s o i l  r e p r e s e n t s  40% o f  t h e  a r e a ;  35% of  t h e  area 
c o n s i s t s  of  a loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  
T o r r i o r t h e n t ,  25% r o c k  o u t c r o p  

Slope,: 40 t o  70% s l o p e  

P a r e n t  M a t e r i a l :  Rhyo l t h i c  r o c k s  modera te ly  f r a c t u r e d  

V e g e t a t i o n :  s p a r s e  v e g e t a t i o n  (compobogon), " g a l a n ,  gubac,  b i l e i n ,  
i b a t e y s " .  

Comment: L o c a t i o n  a t  247.3 E 500 mm on t h e  r o a d  t o  p o s t  c o n t r o l  
1234.0 N a t  Al i -Sableh;  w e s t  of t h e  r o a d  

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed hyper the rmic  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  w ; r ; g ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I1 5% brush ;  1 5 0 k / ~ c  



DAMERKADDAE 

c o n t i n u e d  

I n t e r n a l  d r a i n a g e :  I11 r : i ; b  

T e r r a c e s  and d i v e r s i o n s :  iii p : r : f : t  

Embankments, d i k e s  and l e v e e s :  I I I r : t: p: c 

Pond r e s e r v i o r :  111 t ; r ; p  



DEGAMANKAL 
A.D .  / J . G . / F . o .  

L o c a t i o n :  209.4 E 
1234.2 N 

0-6 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown ( m o i s t ) ;  
g r a v e l l y  sandy  loam; s t r u c t u r e :  none;  loose, v e r y  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  30% q r a v e l ;  
t h i n  CaC03 c o a t i n g  on  a l l  p a r t s  o f  t h e  q r a v e l ;  c l e a r  and 
wavy bounda ry ;  

6-15 c m :  C h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy  loam; 
s t r u c t u r e :  none: loose, v e r y  f r i a b l e ,  n o n s t i c k y ;  m i l d l y  
e f f e r v e s c e n t ;  50% g r a v e l ;  t h i n  p a t c h y  CaC03 c o a t i n g  on  
t h e  g r a v e l ;  I n c l u s i o n  'of r o c k s  ( l a v a  f l o w ) ;  50% c o v e r e d  
w i t h  s t o n e s  and b o u l d e r s ;  

I n c l u s i o n s :  I n c l u s i o n  i n  t h e  Balambal  s o i l  mapping u n i t s .  

S  l o p e  : S l o p e s  f rom 3-8% 

P a r e n t  M a t e r i a l :  1 0 %  l a v a  o u t c r o p  

V e g e t a t i o n :  V e g e t a t i o n  r a r e  (Aousdamei r  a c a c i a s )  

Comment: E x t e n s i v e  s o i l  

C l a s s i f i c a t i o n :  s andy  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  r ; s ; g ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 2% bush  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p ; r ; f : t  

Embankments, d i k e s  and l e v e e s :  I I1 r ;  t ;  e; p ;  c 

Pond r e s e r v i o r :  I11 t ; r ; p  



DEROKOMA 

L o c a t i o n :  171 .7  E 
1246.2  N 

1-10 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  d a r k  brown 
(moist); c l a y  loam; s t r o n g  coarse t o  medium s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  few f i n e  roots;  g r a d u a l  a n d  
smooth  bounda ry :  

10-54  cm:  B 1 1  h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  
r e d d i s h  brown (mois t )  ; s t o n y  s andy  c l a y  loam; m o d e r a t e  
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  q r a d u a l  a n d  
smooth  b o u n d a r y ;  

54-81 c m :  B12 h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  
brown ( m o i s t ) ;  s t o n y  s andy  c l a y  loam; m o d e r a t e  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  g r a d u a l  a n d  d i f f u s e d  bounda ry ;  

81-90+ c m :  C h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  5 ~ ~ / 3 / 3  d a r k  r e d d i s h  
brown ( m o i s t ) ;  g r a v e l l y  s andy  c l a y  loam; s t r u c t u r e :  
none ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
2 0 %  f i n e  g r a v e l  

S u r f a c e :  60% c o b b l e s  a n d  s t o n e s  on  t h e  s u r f a c e  

S l o p e :  3-58 s l o p e  

P a r e n t  Material: loess on  l a v a  f l o w  

V e g e t a t i o n :  10% v e g e t a t i o n  c o v e r :  "magal x i d ,  d a r a f "  ( t e m p o r a r y  
g r a s s )  

C l a s s i f i c a t i o n :  f i n e  l o a m y ,  mixed,  hyperthermic T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  V g ; d  

Range: I1 10% b u s h ;  5% g r a s s  and  h e r b s  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and  d i v e r s i o n s :  I1 f  

Embankments, d i k e s  and  l e v e e s :  I1 c 

Pond r e s e r v i o r :  I11 w;r  



D I D J A N  D E R  

L o c a t i o n :  258.8 E 
1265 .2  N 

0-15 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ 1 3 1 4  d a r k  brown 
( m o i s t ) ;  v e r y  g r a v e l l y  sandy  c l a y  loam; weak medium 
s u b a n g l u a r  b l o c k y  s t r u c t u r e ;  loose, f r i a b l e  n o n s t i c k y ;  
few f i n e  r o o t s ;  65% o f  2  t o  4  mm g r a v e l s ;  m o d e r a t e l y  
e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  bounda ry ;  

15-85 c m :  Cca h o r i z o n ;  1 0 ~ ~ / 8 / 1  w h i t e  ( d r y )  1 0 ~ ~ / 5 / 3  brown ( m o i s t ) ;  
v e r y  g r a v e l l y  s andy  c l a y  loam; s t r u c t u r e l e s s ;  t h i c k  
c o a t i n g  o f  CaC03 o n  a l l  r ock  s u r f a c e s ,  a b u n d a n t  f i n e  
f r a c t i o n ;  40% g r a v e l s ,  20% c o b b l e s ,  1 0 %  s t o n e s ;  
e x t r e m e l y  e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  b o u n d a r y ;  

85-2U0 c m :  I I C c a  h o r i z o n :  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  ( d r y  ) ,  1 0 ~ ~ / 6 / 3  
p a l e  brown ( m o i s t ) ;  s t o n y  sandy  c l a y  loam; f i r m  f r i a b l e ,  
n o n s t i c k y ;  1 5 %  s o f t  powdery 1 t o  5  mm CaC03; i r r e g u l a r  
d i f f u s e d  b o u n d a r y ;  

200-350 c m :  I I I C c a  h o r i z o n ;  b o u l d e r y  a l l u v i u m  

S u r f a c e :  be tween  40-80% g r a v e l  and  a b o u t  30% c o b b l e s  and  s t o n e s  

S  l o p e :  0-3% d i s s e c t e d  ( s l i g h t l y )  

V e g e t a t i o n :  About 20% v e g e t a t i o n  c o v e r  ( b a l a n i t s  a e g y p t i o c a ,  
a c a c i a .  . . ) 

Comment: 100  m w e s t  o f  the  r o a d ,  on the  w e s t  bank o f  the  wadi 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I V  g 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 c! 

Range: 5% b u s h  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  a n d  d i v e r s i o n s :  I1 f  

Embankments, d i k e s  and  l e v e e s :  I1 c 

Pond r e s e r v i o r :  I1 t 



D I M 0  Le BODA 
A . D .  /J.G. 

L o c a t i o n :  229.3 E 
1307.4 N 

0-50+ c m :  A h o r i z o n ;  1 0 ~ ~ / 4 / 2  d a r k  g r a y i s h  brown ( d r y )  7 . 5 ~ ~ /  3 / 2  d a r k  
brown ( m o i s t ) ;  v e r y  s t o n y  loam: 40% c o b b l e s ,  20% s t o n e s  
and  20% g r a v e l :  m o d e r a t e  medium crumb s t r u c t u r e ;  f i r m ,  
f r i a b l e ,  s l i g h t l y  s t i c k y :  many f i n e  and common medium 
and c o a r s e  woody r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  
CaC03 c o a t i n g s  on s t o n e s .  

S u r f  ace :  90% s t o n e s  and  c o b b l e s  

I n c l u s i o n s :  15% rock  o u t c r o p s  and  40% l i t h i c  v a r i a n t  = 45% t y p i c  
v a r i a n t  

S  l o p e  : 10% 

P o s i t i o n :  c o l l u v i a l  o r  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  b a s a l t i c  t a l u s  and  e o l i a n  f i l l  

V e g e t a t i o n :  10% 2  m h i g h  a c a c i a ;  20% h e r b s  and 2% g r a s s  
0 

Tempera ture :  28.9 C 50 c m  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  A r i d i c  H a p l u s t o l l  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I1 10% bush ;  20% h e r b s  and  s r a s s  

I n t e r n a l  d r a i n a g e :  111 i 

T e r r a c e s  and d i v e r s i o n s :  I11 p ; f  

Embankment, d i k e s  and  l e v e e s :  I11 t ; p ; c  

Pond r e s e r v i o r :  I11 t ; p  



DITA 

L o c a t i o n :  284.4 E 
1 3 6 9 . 4  N 

0-8 cm: A h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 4 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t )  : g r a v e l l y  loam; s t r u c t u r e  
less;  loose, f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t :  
a b r u p t  i r r e g u l a r  boundary .  

8-40+ c m :  Cca h o r i z o n :  7 . 5 ~ ~ / 6 / 2  p i n k i s h  g r a y  ( d r y ) ,  7 . 5 ~ ~ 1  5 / 4  brown 
( m o i s t )  ; g r a v e l l y  sandy loam; s o f t  d i s s e m i n a t e d  CaC03 
and  c o n t i n o u s  t h i c k  CaC03 c o a t i n g s  on  r o c k s ;  s t r u c t u r e -  
less: l o o s e ,  f r i a b l e ,  n o n s t i c k y :  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  80% g r a v e l ,  20% c o b b l e s  

I n c l u s i o n s :  15% waterways :  10% r o c k  o u t c r o p  

S l o p e :  3% 

P o s i t i o n :  c o l l u v i a l  v a l l e y ;  pedment s l o p e  

P a r e n t  m a t e r i a l :  r h y o l i t e  c o l l u v i u m  

V e g e t a t i o n :  b a r r e n  e x c e p t  waterways  

E r o s i o n :  m o d e r a t e  s h e e t  e r o s i o n  
0 

Tempera tu re :  31.7 C a t  30cm 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w ; r ;g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 2% bush  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  and  d i v e r s i o n s :  iii p ; r ;  f ;  t 

Embankments, d i k e s  and  l e v e e s ;  I11 r ; t ; c  

Pond r e s e r v i o r :  I11 t ; r ; p  



EADO GAFAN 

L o c a t i o n :  182 .8  
1285.3 

0-10 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y )  1 0 ~ ~ / 3 / 3  s t r o n g  brown 
( m o i s t ) ;  s a n d ;  s t r u c t u r e :  none;  s l i g h t l y  f i r m ,  v e r y  
f r i a b l e ;  some f r e s h  w a t e r  mol lusks ;  s t r o n g l y  
e f f e r v e s c e n t ,  c lear ,  smooth boundary ;  

10-75 c m :  C h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  s t r o n g  
brawn ( m o i s t )  ; s a n d ;  s t r u c t u r e :  none;  s l i g h t l y  f i r m ,  
v e r y  f r i a b l e ;  l a m i n a t e d ;  m o d e r a t e l y  e f f e r v e s c e n t ;  

P o s i t i o n :  Occur s  on a  p l e i s t o c e n e  l a c u s t r i n e  p l a i n  

V e g e t a t i o n :  T h i s  p a r t i c u l a r  s o i l  h a s  5% bunch g r a s s  cove r  

Comment: The Han le  p l a i n  i s  a b o u t  65% o f  t h i s  s o i l .  About 20% 
c o v e r e d  w i t h  dunes  up t o  2 m h i g h .  15% wadi w i t h  dunes  
on  t h e  edge .  The s a n d  dunes  have  s e v e r a l  s p e c i e s  o f  
trees; 30% c o v e r  up t o  3-4 m (Qudac ,  Caday, dhagdhagan,  
moroh ) 

C l a s s i f i c a t i o n :  s andy  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  v  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 v ; e  

Range: I1 5% g r a s s  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and  d i v e r s i o n s :  I1 p;w 

Embankments, d i k e s  a n d  l e v e e s :  I1 p 

Pond R e s e r v i o r :  I1 t ; w  



EANGALALO 

L o c a t i o n :  299.4 E 
1393.6  N 

0-9 cm: A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 4 . 4  brown ( m o i s t ) :  
s a n d y  c l a y  loam; s l i g h t l y  cemented w i t h  Nacl ,  h r i t t l e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y :  weak c o a r s e  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  s a l t y  t o  t a s t e ;  s andy  on p e d f a c e s :  many f i n e  
p o r e s ;  c l e a r  i r r e g u l a r  boundary ,  

9-40 cm: B2Na h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y  and  m i s t ) ,  sandy 
c l a y  loam: weak medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s a l t y  t o  t a s t e ,  3% f i n e  
Nacl  c r y s t a l s  : s t r o n g l y  e f  f e r c e s c e n t ;  c l e a r  wavy 
boundary : 

40-55 c m :  B3Na h o r i z o n ;  7 . 5 ~ ~ / 5 / 6  s t r o n g  brown ( d r y  and  m o i s t )  : sandy  
c l a y  loam; weak c o a r s e  s u b a n g u l a r  b l o c k y  s t r u c t u r e :  
h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  many c o r a l  p i e c e s ;  
s l i g h t l y  s a l t y  t o  t a s t e ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  50% f i n e g r a v e l  and  p u f f y  c r u s t y  s u r f a c e  

I n c l u s i o n s :  few a r e a s  w i t h  dunes  (40-75  c m  h i g h ) :  few waterways w i t h  
50% d u n e s  

S lope :  0-1% 

P a r e n t  M a t e r i a l :  l o e s s  on  c o r a l  

V e g e t a t i o n :  10% b u s h e s  on dunes ,  90% b a r r e n ;  t h i s  s o i l  o c c u r s  n e a r  
the  s e a  

E r o s i o n :  Hazard - wind and  s h e e t  e r o s i o n  
0 

Tempera tu re :  31.3 C 

Comment: C o r a l  r o c k s  a t  1 m 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  N a t r a r q i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  w ; r ; a ; v  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 2% bushes :  1 0 0 k / ~ c  



EANGALALO 

c o n t i n u e d  

I n t e r n a l  d r a i n a g e :  I11 r ; a  

T e r r a c e s  and d i v e r s i o n s :  I11 p:r:w 

Embankments, d i k e s  and l e v e e s :  111 r ; g  

Pond r e s e r v i o r :  111 r 



EASA DO 

L o c a t i o n :  227 .1  E 
1301 .9  N 

0-50 c m :  C h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown (dry  and  w e t ) :  v e r y  g r a v e l l y  
loam: 60% b o u l d e r s ,  between t h e  b o u l d e r s  70% g r a v e l ,  
c o b b l e s  and  s t o n e s ;  s t r u c t u r e l e s s ;  loose, f r i a b l e ,  
s l i g h t l y  s t i c k y ;  common f i n e  woody r o o t s ;  s t r o n q l y  
e f f e r v e s c e n t ;  common medium c o n t i n o u s  CaC03 c o a t i n g s  on 
r o c k  f r a g m e n t s .  

S u r f a c e :  50% bed  rock  and  b o u l d e r s ,  35% s t o n e s ,  c o b b l e s  and  q r a v e l  

I n c l u s i o n s :  20% r o c k  o u t c r o p s ,  30% k a l u s  s l o p e  

S l o p e :  2  5-3 0% 

P o s i t i o n :  S t e e p  moun ta ins  s l o p e  ( r o l l i n g  mounts ) 

P a r e n t  M a t e r i a l :  b a s a l t i c  l a v a  

V e g e t a t i o n :  r a r e  ( " b i n i n "  ) 

Tempera tu re :  26 .4  C a t  50 cm 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  r ; w ; s ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I11 t:r:i  

T e r r a c e s  and d i v e r s i o n s :  I11 p ; r ; f  

Embankments, d i k e s  and l e v e e s :  I11 r ; t ; e : p ; c  

Pond r e s e r v i o r :  I11 t : r : p  



A . D . / F . o .  / J . G .  
EASF GELAW 

L o c a t i o n :  304 .4  
1 3 4 8 . 8  

0-3 c m :  A h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 4 / 3  d a r k  brown ( m o i s t ) ;  
v e r y  c o b b l y  s a n d y  loam: weak f i n e  s u b a n g u l a r  b l o c k y ;  
weak ly  cemen ted ;  f r i a b l e  a n d  s l i q h t l y  s t i c k y ;  few f i n e  
woody roots;  c l e a r  smooth  bounda ry ;  

3-20+ c m  Cca  h o r i z o n :  1 0 ~ ~ / 6 / 2  l i g h t  b r o w n i s h  g r a y  ( d r y )  1 0 ~ ~ / 6 / 4  l i g h t  
y e l l o w i s h  brown ( m o i s t ) ;  v e r y  s t o n y  s a n d y  c l a y  loam; 
s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  l i g h t l y  s t i c k y ;  few f i n e  
woody r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  d i s s e m i n a t e d  
a n d  1-2 mm t h i c k  c o a t i n g s  o f  CaC03 o n  t h e  q r a v e l  a n d  
s t o n e s ;  70% s t o n e s  and  g r a v e l .  

S u r f a c e :  75% c o b b l e s  

I n c l u s i o n s :  25% r o c k  o u t c r o p  

S l o p e :  11% 

P o s i t i o n :  t a l u s  c o l l u v i u m  

P a r e n t  M a t e r i a l :  i n d u r a t e d  r h y o l i t i c  i g n i m b r i t e  

V e g e t a t i o n :  5% a c a c i a  a n d  " b i n i n "  

T e m p e r a t u r e :  2  7 . 6  C a t  30  c m  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed  h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land  C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  r ;  s : g ; w  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  n o n e  

Range:  I11 5% b u s h  

I n t e r n a l  d r a i n a g e :  I11 i ; r  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p ; r  

Embankments, d i k e s  a n d  l e v e e s :  I11 t ; r : p  

Pond r e s e r v i o r :  111 t ; r ; p  



EOULMA 

L o c a t i o n :  307 .1  E 
1 3 3 9 . 1  N 

0-20 c m :  I C  h o r i z o n :  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  s a n d y  c l a y  loam; s t r u c t u r e :  
none ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  few f i n e  woody roots: c lear  smooth 
bounda ry ,  

20-40+ c m :  I I C  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t )  ; s a n d ;  s t r u c t u r e :  none ;  weak ly  cemented ,  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  CaC03. 

S u r f a c e :  50% g r a v e l  

I n c l u s i o n s :  15% wa te rways  w i t h  20-30 c m  o f  e o l i a n  s a n d  

S l o p e :  0-18 

P o s i t i o n :  O u t e r  edge  of  a a l l u v i a l  f a n  

P a r e n t  Material: mixed a l l u v i u m  

V e g e t a t i o n :  20% g r a s s  a n d  woody t u f t  a n d  5% a c a c i a  i n  t h e  wate rways .  
0 

T e m p e r a t u r e :  6 C 

C l a s s i f i c a t i o n :  s andy  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w;v 

I r r i g a t i o n  s u i t a b i l i t y  C l a s s i f i c a t i o n :  I1 c : v  

Range: I 20% g r a s s ;  5% b u s h  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  a n d  d i v e r s i o n s :  I1 t 

Embankments, d i k e s  and  l e v e e s :  I1 t 

Pond r e s e r v i o r :  I11 t 



GARRAYTO 

L o c a t i o n :  272 .1  E 
1343 .1  N 

A l t i t u d e :  650  m 

0-10 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 6 / 4  l i g h t  brown ( d r y ) ,  7 . 5 ~ ~ / 5 / 4  brown 
( m o i s t ) ;  g r a v e l l y  loam; s t r u c t u r e l e s s :  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  40% f i n e  g r a v e l  
and  s t o n e ;  c l e a r  wavy boundary ;  

10-30 cm: C h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  5 ~ ~ 1 5 1 6  y e l l o w i s h  r e d  
( m o i s t )  ; v e r y  u r a v e l l y  loam; 75% g r a v e l ;  s t r u c t u r e l e s s ;  
l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  few f i n e  roots; 
c o n t i n o u s  CaC03 c o a t i n g s  on r o c k s ;  s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  i r r e g u l a r  boundary ;  

30 c m :  R ( r o c k ) .  

S u r f a c e :  5 0 8  g r a v e l ;  10% s t o n e s  

I n c l u s i o n s :  25% o u t c r o p ,  1 5 %  t h i c k e r  s o i l  i n  t h e  waterways 

S l o p e :  0-28 

P o s i t i o n :  p l a t e a u  

P a r e n t  M a t e r i a l :  r h y o l i t e  

V e g e t a t i o n :  3% 1 m s h r u b s ,  3% h e r b s  

E r o s i o n :  none t o  s l i g h t  wind and  s h e e t  e r o s i o n  
0 

Tempera ture :  25.1 C a t  30 cm(9H 1 5 )  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  w ; r ; g ; v  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 1% bush  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and  d i v e r s i o n s :  111 r ;  f  

Embankments, d i k e s  and l e v e e s :  I11 r ; c  

Pond r e s e r v i o r :  111 r 



GORAY EEEB 

L o c a t i o n :  282.4 E 
1393 .4  N 

0-12 c m :  A h o r i z o n ;  10YR/5/3 brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown (mo i s t ) ;  g r a v e l l y  s a n d ;  30% g r a v e l ;  s t r u c t u r e l e s s ;  
l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y ;  m o d e r a t e l y  e f f e r v e s c e n t  ; 
c lear  i r r e g u l a r  bounda ry ;  

12-30 c m :  B h o r i z o n ;  10YR/4/3 brown ( d r y ) ,  10YR/3/4 d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  g r a v e l l y  s andy  loam, 40% g r a v e l :  weak 
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  v e r y  f r i a b l e ,  
n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i n  p a t c h y  c o a t i n g  o f  
CaC03 and  weak cemented  CaC03 o n  t h e  rock  f r a q m e n t s ;  few 
f i n e  woody roots; c lear ;  i r r e g u l a r  boundary ;  

30-40+ c m :  C h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t )  ; s a n d y  loam; s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  f l a t  and  a b o u t  80% g r a v e l  c o v e r  

I n c l u ' s i o n s :  20% wa te rways  

S l o p e :  1% 

P a r e n t  M a t e r i a l :  c o l l u v i a l  f a n  o f  r h y o l i t e  

V e g e t a t i o n :  b a r r e n  w i t h  1 0 %  a c a c i a  a l b i d a  i n  t h e  wate rways  

E r o s i o n :  Mos t ly  w ind  a n d  r i l l  e r o s i o n  
0 

Tempera tu re :  33.8  C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  VI g ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 g 

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I1 c 

T e r r a c e s  and  d i v e r s i o n s :  I1 p  

Embankments, d i k e s  and  l e v e e s :  T I  t 

Pond r e s e r v i o r :  I11 t 



G R A N D  BARA 

Loca t ion :  240 E 
1246 N 

A l l  0-0.5 cm: Pink 7 . 5 ~ ~ / 7 / 4  ( d r y ) ;  brown 7 . 5 ~ ~ / 4 / 4  ( m o i s t ) ;  s i l t y  
c l a y  loam; laminar;.  h a r d  ( d r y ) ;  f r i a b l e  ( m o i s t ) :  s l i c k  
( w e t ) ;  modera te ly  e f f e r v e s c e n t ;  pH 7 .3 ;  a b r u p t  boundary. 

A12 0.5-10 c m :  Pink 7 . 5 ~ ~ / 7 / 4  ( d r y ) ,  brown 7 . 5 ~ ~ / 4 / 4  ( m o i s t ) ;  c l a y  
loam; s t r o n g  medium t o  f i n e  angu l a r  b locky  s t r u c t u r e ;  
f i r m  ( d r y ) ,  f r i a b l e  ( m o i s t ) ,  s l i g h t l y  s t i c k y  ( w e t ) ;  
modera te ly  e f f e r v e s c e n t :  g r a d u a l  boundary, 

B 1  10-30 cm: Brown 7 . 5 ~ ~ / 5 / 4  ( d r y ,  da rk  brawn 7 . 5 ~ ~ / 3 / 4  ( m o i s t ) ;  
c l a y  loam; modera te  medium t o  f i n e  a n g u l a r  b locky  
s t r u c t u r e ;  f i r m  ( d r y ) ,  f r i a b l e  ( m o i s t )  ; s l i g h t l y  s t i c k y  
( w e t )  ; modera te ly  e f f e rve scen t ;  g r a d u a l  and i r r e g u l a r  
boundary 

B2 30-70 c m :  1 0 ~ ~ / 6 / 2  l i g h t  brownish g r ay  on ped f a c e s ;  7 . 5 ~ ~ / 3 / 4  
da rk  b r w n  ( d r y ) ;  7 . 5 ~ ~ / 3 / 4  dark  brown ( m o i s t ) ;  sandy 
c l a y  loam; s t r o n g  l a r g e  t o  medium a n g u l a r  b locky  
s t r u c t u r e ;  f i r m  ( d r y ) ,  f r i a b l e  none s t i c k y  ( m o i s t )  ; 
common f i n e  1 t o  2 mm f a i n t  dark brown feromanganese 
c o n c r e t i o n s ;  few f i n e  gypsum c r y s t a l s ;  t h i n  a l l u v i a t e d  
s i l t y  c o a t i n g  on ped f a c e s ;  modera te ly  e f f e r v e s c e n t .  

Sur face :  Absoute ly  f l a t ,  s u r f a c e  covered w i th  polyhedrons  (4-10 cm, 
1-3 mm wide and 2-10 mm deep )  

Comment: Loca t i on  - 7 km from t h e  e a s t  of  t h e  road  t o  t h e  wes t  i n  
t h e  middle  o f  Grand Bar 

C l a s s i f i c a t i o n :  f i n e  loamy mixed hyper the rmic  Typic  Camborthid 

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  c 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 c ; v  

Range: b a r r e n  

I n t e r n a l  d ra inage :  I1 s 

T e r r a c e s  and d i v e r s i o n s :  I1 p 

Embankments, d i k e s  and l evees :  11 p 

Pond r e s e r v i o r :  I1 w 



GUISTIR 

L o c a t i o n :  274.3 E 
1220 .3  N 

A.D.  /J.G. /F.o. 

0-15 c m :  A 1  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  c l a y  l o a m ;  weak medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  n o n s t i c k y ;  20% f i n e  
g r a v e l s ;  common f i n e  roots; s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
a n d  i r r e g u l a r  bounda ry ;  

15-30 cm: B 1  h o r i z o n ;  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; s t r o n a  l a r g e  t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
f i n e  d i s s e m i n a t e d  a n d  i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  c lear  b o u n d a r y ;  

30-70 c m :  B2 h o r i z o n ;  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y ) ,  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown (mois t )  ; c l a y  loam; s t r o n q  l a r g e  t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  s l i q h t l y  
s t i c k y ;  s m a l l  c r a c k s  o f  1 t o  3  mm f rom 1 0  c m  t o  100  c m  
w i t h  20 c m  s p a c i n g  a n d  common medium p r e s s u r e  f a c e s  and  
common medium d i s c o n t i n o u s  s l i c k e n s i d e s  ; s t r o n g l y  
e f f e r v e s c e n t ;  few r o s e  qypsum o f  2 t o  4  mm;  c lear  
boundary  ; 

7G-120+ c m :  B3 h o r i z o n :  5 ~ ~ / 4 / 4  r e d d i s h  brown ( d r y )  5 ~ ~ / 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; m o d e r a t e  l a r g e  t o  
medium a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
n o n s t i c k y ;  many 1 t o  4  mm rose gypsum; s t r o n g l y  
e f f e r v e s c e n t ;  

S u r f a c e :  50% 5  t o  1 5  c m  c o b b l e s  on t h e  s u r f a c e  

I n c l u s i o n s :  E o l i a n  m a n t l e  o v e r  l a v a  f l o w ;  2  t o  3  mm t h i c k  loess; 

S l o p e :  2% s l o p e  

P o s i t i o n :  l i t t l e  e r o s i o n  a n d  v e r y  l o n g  s t r a i g h t  s l o p e  

V e g e t a t i o n :  10% c o v e r  o f  sa rman 

Comment: 4  km f rom G u i s t i r  on  t h e  r o a d  t o  Ali-Adde s t r e a m  bank on 
t h e  n o r t h  s i d e  o f  t h e  r o a d .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  c l a s s i f i c a t i o n :  V I  a :g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  V I  a ; g  



GUISTIR 

c o n t i n u e d  

Range: I1 10% bush;  10% g r a s s  and  h e r b s  

I n t e r n a l  d r a i n a g e :  I1 t ; a  

T e r r a c e s  and  d i v e r s i o n s :  I1 p; r ;  f 

Embankments, d i k e s  and l e v e e s :  I1 p ; c ; g  

Pond r e s e r v i o r :  I1 w ; r  



F . D . / J . G . / F . o .  
HADKODLEY 

L o c a t i o n :  256 .6  E 
1235.7 hT 

0-10 c m :  A 1  h o r i z o n ;  10YR/5/3 brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  s a n d y  loam; weak medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  loose, f r i a b l e ,  n o n s t i c k y ;  few f i n e  
r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  boundary ;  

1Ci-20 cm: B 1  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
( m o i s t ) ;  s andy  c l a y  loam; s t r o n g  l a r g e  t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ;  n o n s t i c k y ;  
s e c o n d a r y  powdery CaC03, s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
boundary  ; 

20-40 cm: B2 h o r i z o n ;  1 0 ~ ~ / 4 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  s a n d y  c l a y  loam; m o d e r a t e  l a r g e  t o  medium 
b r e a k i n g  t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ;  
f r i a b l e ,  n o n s t i c k y ;  f i n e  powdery and  i n d u r a t e d  1 t o  4 
common CaC03; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  and  
i r r e g u l a r  boundary ;  

40-60+ c m :  C h o r i z o n ;  1 0 ~ ~ / 3 / 3  d a r k  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  d a r k  
g r a y i s h  brown (moist)  ; g r a v e l l y  sandy  c l a y  loam: weak 
medium t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ;  
f r i a b l e ,  n o n s t i c k y ;  1 t o  1 0  mm i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  30% g r a v e l s ,  c o b b l e s  1 t o  1 0  crn i n  0  and 
s l o p e  r a n g e s  3-8% 

V e g e t a t i o n :  ( s a l v a d o r a  p e r s i c a e ,  cympobogon, "Aurdawood") 

Comments: Occu r s  on decomposed metamorphic  r o c k  

L o c a t i o n :  A t  a b o u t  600 m n o r t h  o f  Daedae and  a t  300 m o f  
S o u t h  Hadkode l y  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 5% b u s h  

I n t e r n a l  d r a i n a g e :  I1 w ; i  

T e r r a c e s  and  d i v e r s i o n s :  I1 p 

Embankments, d i k e s  and  l e v e e s :  I1 e 

Pond R e s e r v i o r :  111 p;w 



HARRALOL 

L o c a t i o n :  220 E 
1317 N 

Land Type: S a l t  Marsh 
C o u l d n ' t  l a n d  t h e  h e l i c o p t e r .  A l l  o f  t h e  p l a y a  had  5-20 
c m  of w a t e r .  

S a l t  c o v e r  on  s i d e s  

Land U s e  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  r ; c  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  None, a ; c  

Range : b a r r e n  

I n t e r n a l  D r a i n a g e :  I11 w 

T e r r a c e s  and  d i v e r s i o n s :  I11 c 

Embankments, d i k e s  and  l e v e e s :  I11 g 

Pond r e s e r v i o r :  I1 c 



HOLL-HOLL 

L o c a t i o n :  273 .6  E 
1250 .7  N 

0-20 cm: A h o r i z o n ;  1 0 ~ ~ / 5 . 4  y e l l o w i s h  brown ( d r y ) ,  ~ . S Y R /  3 / 4  d a r k  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy  c l a y  'loam; weak f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  many f i n e  roots;  60% 3  t o  1 0  c m  q r a v e l s :  1 t o  4 
mm f i n e  powdery d i s s e m i n a t e d  and  i n d u r a t e d  CaC03; medium 
c o a t i n g  o f  CaC03 o n  t h e  g r a v e l s  and t h e  s t o n e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  i r r e g u l a r  a n d  d i f f u s e d  bounda ry ;  

20-50 cm: C c a  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy  c l a y  loam; weak f i n e  
g r a n u l a r  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  80% 
g r a v e l s ;  s o i l  f i l l i n g  i n t e r s t i c e s ;  common f i n e  and  a few 
c o a r s e  r o o t s ;  1 t o  4  mm f i n e  powdery d i s s e m i n a t e d  a n d  
i n d u r a t e d  CaC03; medium c o a t i n g  o f  CaC03 o n  a l l  p a r t s  o f  
t h e  r o c k s ;  s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  and  
d i f f u s e d  bounda ry ;  

50-200+ c m :  I I C c a  h o r i z o n ;  1 0 ~ ~ / 5 / 4  y e l l o w i s h  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  
s t r o n g  brown ( m o i s t ) ;  g r a v e l l y  sandy  c l a y  loam; 30% 
v o l c a n i c  c o l l u v i u m  g r a v e l  p l u s  2 0 " a  t o  1 5  mm o f  
i n d u r a t e d  CaC03; f rom 1 2 0  c m  t o  t h e  bo t tom 10% 1 t o  1 0  
mm o f  s o f t  powdery CaC03 r e p r e c i p i t a t e d  f rom above ;  few 
CaC03 c o a t i n g  on  t h e  r o c k  f a c e s ;  s t r o n g l y  e f f e r v e s c e n t ;  

S u r f a c e :  7G% b o u l d e r s  a n d  c o b b l e s  on t h e  s u r f a c e ;  

I n c l u s i o n s :  t h i n  s o i l  o c c u p i e s  35% o f  the a r e a  and a t h i n n e r  s o i l  
o c c u p i e s  30% o f  t h e  a r e a  

S l o p e :  45 t o  70% s l o p e s  

P a r e n t  Material: l a v a  o u t c r o p s  30% 

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  on  t h i s  s o i l  and  t h e  o t h e r  s o i l  
a b o u t  less  t h a n  5% v e g e t a t i o n ;  

Comment: On t h e  S o u t h  s i d e  o f  t h e  r o a d  and  t h e  s o u t h  bank o f  t h e  HOLL- 
HOLL r i v e r  and  a t  150  m w e s t  o f  t h e  M i l i t a r y  s c h o o l .  

C l a s s i f i c b t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I1 10% bush  



HOLL-HOLL 

Continued 

I n t e r n a l  d r a inage :  I11 i ; r  

T e r r a c e s  and d i v e r s i o n s :  I11 p ; f ;  

Embankments, d i k e s  and l evee s :  111 r ;  t ;  e : p  

Pond r e s e r v i o r :  I11  r ; p  



HOUMBOULI 

L o c a t i o n :  295.9  E 
1 2 7 8 . 1  N 

A.D.  /J.G. /F.o. 

On s u r f a c e :  Ag 

0 - 8  c m :  desert  pavement .  F l u v i a l  g r a v e l s  and  cobbles 

4-12 c m :  A h o r i z o n ;  brown 1 0 ~ ~ / 5 / 3  ( d r y )  a n d  d a r k  g r a y i s h  brown 
1 0 ~ ~ / 4 / 2  n o  s t r u c t u r e  ( l oose ) ,  s a n d ,  r a r e  r o o t s ,  p H  7 . 5  

12-40+cm: C h o r i z o n ;  brown 7 . 5 ~ ~ / 5 / 4  ( d r y )  a n d  d a r k  brown 7 . 5 ~ ~ /  4 / 4  
( w e t ) ;  loose; few f i n e  roots;  few cobbles (5-10%)  p H  
8 -8 .4  

S l o p e :  1% 

V e g e t a t i o n :  a c a c i a  t o r t i l i s  - " k u l a n "  

E r o s i o n :  w ind  

C l a s s i f i c a t i o n :  mixed h y p e r t h e r m i c  T y p i c  T o r r i p s a m m e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w;e 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I11 w 

Range: 111 2% b u s h  

I n t e r n a l  d r a i n a g e :  I1 t 

T e r r a c e s  a n d  d i v e r s i o n s :  I1 t 

Embankments, d i k e s  a n d  l e v e e s :  I1 t : e  

Pond r e s e r v i o r :  111 t ; w  



J A B A N  EAS 

L o c a t i o n :  290.3 E 
1277 .8  N 

0-5 c m :  A h o r i z o n :  y e l l o w i s h  r e d  5 ~ ~ / 5 / 6  ( d r y )  r e d  2 . 5 ~ ~ / 4 / 6  ( w e t ) ;  
l o o s e ,  90% c o b b l e s  a n d  b o u l d e r s  ; c l e a r  boundary ;  

5-19 c m :  B 1  h o r i z o n ;  y e l l o w i s h  r e d  5 ~ ~ / 5 / 6  ( d r y )  and  r e d  2 . 5 ~ ~ /  4 / 6  
( w e t ) ;  c l a y  loam; weak v e r y  f i n e ,  g r a n u l a r  s t r u c t u r e ;  
f r i a b l e  ( w e t )  and  loose ( d r y ) ;  v e r y  f i n e  r o o t s ;  p H  8 . 4  
c l e a r  boundary  

19-49+ c m :  B2ca h o r i z o n ;  r e d  2 . 5 ~ ~ / 4 / 8  ( d r y )  r e d  2 . 5 ~ ~ /  3 / 6  ( w e t ) ;  
g r a v e l l y  c l a y  loam; m o d e r a t e  f i n e  s u b a n g u l a r  s t r u c t u r e ;  
c o n s i s t e n c e  l o o s e ;  10% 7 . 5 ~ ~ / 8 / 1  powdered 1 t o  5  m m  
s e c o n d a r y  CaC03; v e r y  f i n e  r o o t s .  

I n c l u s i o n s :  b i g  r o c k s  o f  b a s a l t  ( 2 % )  

S l o p e :  2  t o  3% 

V e g e t a t i o n :  A c a c i a s  5% c o v e r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  a ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  a ; g  

Range: I1 5% b u s h ;  2 0 0 k / ~ c  

I n t e r n a l  d r a i n a g e :  I11 t ; a ; b  

Terraces a n d  d i v e r s i o n s :  I1 p ; t ; c  

Embankments, d i k e s  and  l e v e e s :  I1 p ;g  

Pond r e s e r v i o r :  I11 w ; r  



A.D./F.o. /J .G. /M.J .  
KALLOLOU 

L o c a t i o n :  249.7 E 
1218.2  N 

0-50 c m :  C h o r i z o n ;  1 0 ~ ~ / 3 / 3  d a r k  brown ( d r y ) ,  1 0 ~ ~ / 3 / 2  v e r y  d a r k  
g r a y i s h  brown ( m o i s t ) ;  s t o n y  sand ;  s t r u c t u r e :  none;  
loose, f r i a b l e ,  n o n s t i c k y ;  50% g r a v e l  and s t o n e s ;  
m o d e r a t e l y  e f f e r v e s c e n t ;  few f i n e  woody r o o t s .  

S u r f a c e :  30% s t o n e s  and  b o u l d e r s ,  70% g r a v e l  

I n c l u s i o n s :  20% s t r e a m  c h a n n e l s  

S lope :  3% 

P o s i t i o n :  d e l t a  

P a r e n t  X a t e r i a l :  a l l u v i u m  

V e g e t a t i o n :  20% 1 . 5  t o  2  m h i g h  a c a c i a  t o r t i l i s  

E r o s i o n :  f r e q u e n t  f l o o d i n g  
0 

Tempera ture :  3 2 . 8  C 

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i f l u v e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w;g 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I11 w ; s ; g  

Range: I 20% bush ;  3 5 0 k / ~ c  

I n t e r n a l  d r a i n a g e :  I1 b 

Terraces and d i v e r s i o n s :  I1 p ; t  

Embankments, d i k e s  and l e v e e s :  I1 t ; e  

Pond r e s e r v i o r :  I11 t ; w  



KENANNABA 

L o c a t i o n :  297.8 E 
1387.8  N 

0-b c m :  A l l  h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t )  ; g r a v e l l y  sand:  s t r u c t u r e l e s s ;  l o o s e ,  v e r y  
f r i a b l e ,  n o n s t i c k y ;  e f f e r v e s c e n t :  few f i n e  r o o t s ,  c l e a r  
smooth boundary ; 

8-30 c m :  A12 h o r i z o n ;  7 . 5 ~ ~ / 6 / 4  l i g h t  brown ( d r y ) ,  7 . 5  ~ ~ / 4 / 4  brown 
( m o i s t )  ; g r a v e l l y  sand;  s t r u c t u r e l e s s ;  l o o s e ,  v e r y  
f r i a b l e ,  n o n s t i c k y ;  e f f e r v e s c e n t ;  t h i n  p a t c h y  c o a t i n g  on 
t h e  g r a v e l ;  few woody r o o t s ;  c l e a r  smooth bondary .  

30-50 cm:  C h o r i z o n ;  g r a v e l ;  l a m i n a t e d ,  s t r a t i f i e d  

I n c l u s i o n s :  30-40% o n  waterways w i t h  s a n d  dunes  (20-50 c m  h i g h )  
c o v e r i n g  30-40% on  waterways.  

S l o p e :  0-18 

V e g e t a t i o n :  woody bush  i n  t h e  waterways 

E r o s i o n :  r i l l  and  s h e e t  e r o s i o n  h a z a r d  
0 

Tempera tu re :  3 3  C 

C l a s s i f i c a t i o n :  sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  w;v 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  11 v;w 

Range: I11 5"ae rbs  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and  d i v e r s i o n s :  I1 p ; t  

Embankments, d i k e s  and l e v e e s :  I1 t ; p  

Pond r e s e r v i o r :  I11 t ; p  



KOUTABBOUYYA 

L o c a t i o n :  1 1 6 . 9  
1221 .7  

Land t y p e :  Mar l  

0-15 c m :  e o l i a n  s a n d  

15-40+ c m :  s a n d y  c o l l u v i u m  o v e r  m a r l  

S u r f a c e :  B a r r e n  

S l o p e :  10% s l o p e  

E r o s i o n :  Many s m a l l  g u l l i e s  on  t h e '  o l d  p l e i s t o c e n e  l a k e  b o t t o m  

Land  U s e  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  I1 a  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: b a r r e n  

I n t e r n a l  d r a i n a g e :  I11 i 

T e r r a c e s  a n d  d i v e r s i o n s :  111 p 

Embankments, d i k e s  a n d  l e v e e s :  111 p 

Pond r e s e r v i o r :  I11 p 



LAHI DADPAEO 

L o c a t i o n :  273.6 E 
1317.8  N 

0-15 c m :  A 1  h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  g r a v e l l y  loam; weak medium and f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  many f i n e  
r o o t s ;  30% g r a v e l ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
i r r e g u l a r  boundary ;  

15-30 c m :  A3 h o r i z o n ;  7 . 5 ~ ~ / 6 / 4  l i g h t  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 6  s t r o n g  
brown ( m o i s t ) ;  c l a y  loam; weak and  modera t e  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  many f i n e  f i b r o u s  r o o t s :  
25% w e a t h e r e d  r o c k s ;  g r a d u a l  d i f f u s e d  boundary ,  

30-55 c m :  C h o r i z o n ;  5 ~ ~ / 5 / 4  r e d d i s h  brown (mois t ) ;  s andy  c l a y  loam; 
weak medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  common f i n e  
woody r o o t s ;  25-30% w e a t h e r e d  r o c k s ;  w h i t e  masses o f  
decayed  r o c k s ;  g r a d u a l  d i  f f u s e d  boundary ,  

55 c m :  R ( r o c k )  

S u r f a c e :  60% g r a v e l  a n d  c o b b l e s ,  1 0 %  b o u l d e r s  

I n c l u s i o n s :  20% rock  o u t c r o p ,  30% o f  t h i c k e r  s o i l  ( l o w e r  s l o p e )  

S l o p e :  25% 

P o s i t i o n :  s i d e  s l o p e  

P a r e n t  M a t e r i a l :  c o l l u v i u m  and r h y o l i t e  

V e g e t a t i o n :  20% g r a s s ,  5% h e r b s ,  few b u s h e s  ( 3  m h i g h )  

E r o s i o n :  s e v e r e  g u l l y  e r o s i o n  
0 

Tempera tu re :  25.5 C a t  20cm 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s ;w ;g ;e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I 20% g r a s s :  5% h e r b s ;  2% hush  

I n t e r n a l  d r a i n a g e :  I11 t ; r ; i  



LAHI DADDAEO 

c o n t i n u e d  

T e r r a c e s  and  d i v e r s i o n s :  I11 p : f : t  

Embankments, d i k e s  and  l e v e e s :  111 r:p:c 

Pond r e s e r v i o r :  I11 p ; r  



M A A R I G I  

L o c a t i o n :  286.3 E 
1323.8  N 

0-23 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( m o i s t ) ;  g r a v e l l y  c l a y  loam; 
m o d e r a t e  medium and c o a r s e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
f i r m ,  s l i g h t l y  f r i a b l e ,  s t i c k y ;  common woody r o o t s ;  n o t  
e f f e r v e s c e n t ;  m o t t l e d  g r a y i s h  brown and  r e d d i s h  brown ; 
c l e a r  i r r e g u l a r  boundary ;  

23-65 cm: C h o r i z o n ;  7 . 5 ~ ~ / 5 / 2  brown ( m o i s t ) ;  v e r y  g r a v e l l y  c l a y  loam; 
60% g r a v e l ;  s t r u c t u r e l e s s ;  h a r d ,  f i r m ,  s t i c k y ;  n o t  
e f f e r v e s c e n t ;  few medium woody r o o t s ;  q r a d u a l  i r r e g u l a r  
boundary  ; 

66-110+ c m :  C2 h o r i z o n ;  1 0 ~ ~ / 6 / 2  l i g h t  b r o n i s h  g r a y  ( m o i s t ) ;  v e r y  
g r a v e l l y  loam; 60% g r a v e l ;  n o t  e f f e r v e s c e n t .  

S u r f a c e :  60% g r a v e l ,  1 5 %  s t o n e s  and b o u l d e r s  

I n c l u s i o n s :  10% rock  o u t c r o p  

S l o p e  : 5-73 

P o s i t i o n :  p l a t e a u  

P a r e n t  M a t e r i a l :  decayed  rock  

V e g e t a t i o n :  20-25% g r a s s ,  10% h e r b s ,  5% bushes  t o  3 m ( s a r m a n )  

E r o s i o n :  s e v e r e  g u l l y  
0 

Tempera tu re :  26.6 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  9 ; s  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none e  

Range: I 20% g r a s s ;  10% h e r b s ;  5% bush 

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  and  d i v e r s i o n s :  I11 p ; r  

Embankments, d i k e s  and l e v e e s :  I11 r ; t ; e ; p  

Pond reservior:  I11 w 



MALHADLOU 

L o c a t i o n :  208.7 E 
1230 .3  N 

0-24 c m :  A 1  h o r i z o n ;  5 ~ ~ / 5 / 3  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 2  d a r k  brown 
( m o i s t )  ; v e r y  g r a v e l l y  sand ;  s t r u c t u r e :  none ;  l o o s e ,  
ve ry  f r i a b l e ,  n o n s t i c k y ;  70% g r a v e l  and  c o b b l e  o f  4-10 
c m ;  s t r o n g l y  e f f e r v e s c e n t ;  CaC03 on  a l l  p a r t s  o f  t h e  
g r a v e l ;  smooth and c l e a r  boundary ;  

24-40 cm: B2 h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ 4 / 6  s t r o n g l y  brown 
( m o i s t ) ;  s i l t y  c l a y  loam: weak c o a r s e  t o  medium a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  2-10 
c m  CaC03 c o n c r e a t i o n s  and  s o f t  powdery CaC03 ; s t r a n p l y  
e f f e r v e s c e n t ;  i r r e g u l a r ,  d i f f u s e d  boundary ;  

40-90 cm: B3ca h o r i z o n ;  7 . 5 ~ ~ / 4 / 6  s t r o n g  brown ( d r y ) ,  ~ Y R /  5 / 6  
y e l l o w i s h  r e d  ( m o i s t ) ;  s i l t  loam; m o d e r a t e  medium t o  
f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  and  d i f f u s e d  
boundary :  

90-120+ c m :  Cca h o r i z o n :  1 0 ~ ~ / 8 / 1  w h i t e  ( d r y ) ,  1 0 ~ ~ / 8 / 4  p a l e  y e l l o w  
( m o i s t ) ;  s andy  c l a y  loam; u n c o n s o l i d a t e d  l a c u s t i n e  m a r l .  

S u r f a c e :  S u r f a c e  c o v e r e d  w i t h  60% s t o n e s  and  c o b b l e s  v o l c a n i c  bombs 
a n d  rounded l a c u s t r i n e  g r a v e l  of q u a r t z ,  c a l c i t e  and  
j a s p e r .  

I n c l u s i o n s :  P l e i s t o c e n e  l a k e  s e d i m e n t s  

S l o p e :  S l o p e s  r a n g e  from 5 t o  25% 

V e g e t a t i o n :  3% v e g e t a t i o n  c o v e r :  a c a c i a  (1-1.5 m )  and  Aousdameir  

Comment: S o i l  formed on  d i s s e c t e d  l a c u s t r i n e  m a r l .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s ; a ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: I11 3% bush  

I n t e r n a l  d r a i n a g e :  I11 i ; a  



MALHADLOU 

c o n t i n u e d  

T e r r a c e s  and  d i v e r s i o n s :  p;  f 

Embankments, d i k e s  and  l e v e e s :  I1 I e:p; c 

Pond R e s e r v i o r :  I11 w;p 



MANDI  

L o c a t i o n :  2 6 2 . 8  E 
1 3 4 6 . 4  N 

S u r f a c e :  n o  s o i l  

I n c l u s i o n s :  40-50% p e d i m & n t  so i l s  o n  t h e  lower s l o p e s  

S l o p e :  1 5 %  

P o s i t i o n :  u p p e r  p a r t  o f  t h e  s l o p e  o n  e d g e  o f  l a v a  p l a t e a u  

P a r e n t  Mater ia l :  r o c k  o u t c r o p  

V e g e t a t i o n :  less  t h a n  1% s h r u b s  

E r o s i o n :  s e v e r e  w a t e r  a n d  w i n d  

S o i l  I n t e r p r e t a t i o n s :  B a r r e n  - n o  i n t e r p r e t a t i o n s  



M I N K I L L E  

L o c a t i o n :  167 .4  E 
1292 .4  N 

0-10 cm: A l l  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  d a r k  brown 
(moist) : g r a v e l y  loam; s t r u c t u r e :  none;  loose, v e r y  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t :  c l e a r  and 
wavy boundary 

10-30 c m :  A12 h o r i z o n ;  1 0 ~ ~ / 3 / 2  v e r y  da rk  g r a y i s h  brown ( d r y ) ;  
1 0 ~ ~ / 2 / 1  b l a c k  ( m o i s t ) ;  s t o n y  loam weak medium t o  f i n e  
a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ,  i r r e g u l a r  and  d i f f u s e d  boundary:  

30-50+ cm: B h o r i z o n ;  1 0 ~ ~ / 3 / 4  v e r y -  da rk  g r a y i s h  brown (dry ) ,  1 0 ~ ~ / 2 / 1  
b l a c k  ( m o i s t ) ;  s t o n y  c l a y  loam: m o d e r a t e  c o a r s e  t o  
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  
e f f e r v e s c e n t ;  h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  

CaC03 h o r i z o n  e s t i m a t e d  a t  60 cm. 

S u r f a c e :  Th in  f i n e  g r a v e l  e o l i a n  l a y  ( d e s e r t  pavement )  

I n c l u s i o n s :  I n c l u s i o n s  i n  t h e  h i g h  p l a t e a u  s o i l s  

S l o p e :  S l o p e s  from 1-33 

P a r e n t  M a t e r i a l :  40% c o b b l e s  v o l c a n i c  bombs c o v e r  

V e g e t a t i o n :  v e g e t a t i o n  c o v e r  o f  15% ( m o s t  i n  t h e  wadi ;  b i l c i n ,  k u l a n ,  
quduc ) 

Comments: C o l l u v i a l  s l o p e  i n  a  minor  b a s i n  on a  l a v a  p l a t e a u  n e a r  t h e  
wadi .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  P a c h i c  C a l c i u s t o l l  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  r : g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none ,  r :g  

Range: I1 10% bush  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and d i v e r s i o n s :  I11 p ; r ; f  

Embankments, d i k e s  and l e v e e s :  I11 r ; p ; c : e  

Pond r e s e r v i o r :  I11 r 



OUEAH 

S i t e  No. 6 8  

L o c a t i o n :  266 .4  E 
1274.8  N 

-25 c m  t o  0 :  Rock f r a g m e n t s  on t he  s u r f a c e  (10% b o u l d e r s ,  cobbles and  
s t o n e s  408,  g r a v e  1s 40% ) , 

0-12 c m :  A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 2  g r a y i s h  brown ( d r y ) ,  10 ~ ~ / 3 / 3  d a r k  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  s andy  loam: weak medium t o  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e  ( d r y ;  f r i a b l e  
( w e t ) ;  n o n s t i c k y  ( m o i s t ) :  many f i n e  and few c o a r s e  
f i b r o u s  r o o t s ;  f i n e  d i s s e m i n a t e d  and  1 t o  4  mm i n d u r a t e d  
CaC03: s t r o n g l y  e f f e r v e s c e n t ;  60% g r a v e l s  and  a b o u t  10% 
c o b b l e s  and  s t o n e s :  c l e a r  and  d i s p e r s e d  boundary ,  

12-50+ c m :  C h o r i z o n ;  10  ~ ~ / 5 / 3  brown ( d r y ) ,  10 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brcwn (mo i s t ) ;  v e r y  g r a v e l l y  sandy  loam: weak f i n e  
a n g u l a r  s t r u c t u r e ;  l o o s e ,  f r i a b l e  n o n s t i c k y ;  70% 
g r a v e l s ,  f i n e  d i s s e m i n a t e d  1 t o  4  mm i n d u r a t e d  CaC03, 
c o n t i n u o u s  CaC03 c o a t i n g  on the  r o c k s  s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ;  common f i n e  r o o t s ,  

I n c l u s i o n s :  20% r o c k  o u t c r o p  

S l o p e :  45% o f  t h e  s l o p e s  a r e  o c c u p i e d  by t h i s  s o i l  

S i m i l a r  S o i l :  35% s i m i l a r  l i t h i c  e n t i s o l  

V e g e t a t i o n :  20% o f  b i l c i n  and  q u d a c  c o v e r  

Comment: C o l l u v i a l  s l o p e  mixed i g n i o u s  r o c k s ,  2 5  t o  40% of 
s l o p e s  on the  moun ta ins ,  

L o c a t i o n :  M i l i t a r y  f i r i n g  r a n g e  a t  500 m w e s t  o f  t h e  r o a d  a t  
Queah ,  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  
( a b o u t  45% o f  t h e  a r e a ) ;  loamy s k e l e t a l  mixed 
h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  ( a b o u t  35% o f  t h e  
a r e a ) .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s ; g ; e ; r : w  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 



OUEAH 

c o n t i n u e d  

Range: I 20% bush  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  and  d i v e r s i o n s :  I11 p:r: f 

Embankments, d i k e s  and  l e v e e s :  I11 r ;  t ;  p:c 



S i t e  No. 4  

L o c a t i o n :  168 .3  E 
1273.2 N 

0-42 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 4 / 4  brown ( d r y ) ,  7 . 5 ~ ~ / 4 / 4  brown ( m o i s t ) ;  
c l a y  loam: s t r o n g  c o a r s e  t o  medium a n g u l a r  b l o c k y  
s t r u c t u r e ;  h a r d ,  v e r y  f i r m ,  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  few medium woody roo t s ;  c l e a r  a n d  d i f f u s e d  
bounda ry  ; 

42-80+ c m :  Cna h o r i z o n ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ,  7 . 5 ~ ~ 1 4 1 4  brown 
( m o i s t ) ;  s i l t y  c l a y  loam; m o d e r a t e  c o a r s e  t o  medium 
a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ;  h a r d ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  10-158 1-3 mm sodium s a l t  
c o n c r e t i o n s ;  few c o a r s e  woody r o o t s .  

S u r f a c e :  B a r r e n  

P o s i t i o n :  Lake p l a i n  

Tempera tu re :  Windy, h o t  and  d r y .  

Co~nn~ents :  Mud c r a c k s  on t h e  s u r f a c e  ( 3  t o  5 c m ;  a t  2 0  cm d e e p  t o  
t h e  s u r f a c e ,  c r a c k s  of  1 c m  wide ,  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  S a l o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  r ; d : c : a  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  r ; d ; a  

Range: b a r r e n  

I n t e r n a l  d r a i n a g e :  I11 w 

T e r r a c e s  a n d  d i v e r s i o n s :  I11 s 

Embankment, d i k e s  and l e v e e s :  I11 r ; g  

Pond r e s e r v i o r :  I11 w 



SADAI 

S i t e  No. 50  

L o c a t i o n :  283.9  E 
1340.3 N 

Land Type: Wadi Channe l  

S u r f a c e :  B o u l d e r s  a n d  c o b b l e s  r e p r e s e n t  30 t o  60% o f  t h e  mass,  

L e s s  t h a n  1% S l o p e :  

V e g e t a t i o n :  Ra re  a c a c i a  

Comment: Wadi c h a n n e l ;  s t r a t i f i e d  s a n d ,  g r a v e l s  and  b o u l d e r s  
s u b j e c t  t o  f r e q u e n t  i n u n d a t i o n ;  c h a n n e l s  chanqe  w i t h  
storms; t h i s  w i l l  b e  t h e  c o a r s e  t e x t u r a l  wadi  c h a n n e l ,  

Tempera tu re :  28.3oC 

Land U s e  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  c 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range : b a r r e n  

I n t e r n a l  d r a i n a g e :  I11 c 

T e r r a c e s  a n d  d i v e r s i o n s :  I11 c 

Embankments, d i k e s  and  l e v e e s :  I11 e 

Pond. r e s e r v i o r :  I11 c 



SAEIDA DALA 

S i t e  No. 5 

L o c a t i o n :  196.17 E 
1344.3 N 

Land Type: Lava f low 

I n c l u s i o n s :  5% i n c l u s i o n s  of  s m a l l  p l a y a  a r e a s  

S l o p e :  1-3% 

P a r e n t  M a t e r i a l :  Lava f low and rock  o u t c r o p s  o n l y ,  

V e g e t a t i o n :  L e s s  t h a n  1% v e g e t a t i o n .  

Land U s e  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  c l a s s i f i c a t i o n :  V I I I  g 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none 

Range: b a r r e n  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  and d i v e r s i o n s :  I11 r 

Embankments, d i k e s  and  l e v e e s :  I11 r 

Pond r e s e r v i o r :  I11 r 



W A N N I  DAEAR 

S i t e  N o .  5 3  

L o c a t i o n :  1 5 5 . 2  E  
1 2 8 2 . 2  N 

U-5 c m :  A 1  h o r i z o n ;  1 0 ~ ~ / 5 / 3  brown ( d r y ) ;  1 0 ~ ~ / 3 / 4  d a r k  y e l l o w i s h  
brown;  g r a v e l l y  s i l t  loam;  m o d e r a t e  medium t o  f i n e  
a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ;  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t :  c l e a n  a n d  i r r e g u l a r  
b o u n d a r y  ; 

5-25+ c m :  C h o r i z o n ;  2 . 5 ~ ~ / 7 / 2  l i g h t  g r a y  ( d r y ) ;  2 . 5 ~ ~ 1 4 1 2  d a r k  
g r a y i s h  brown ( m o i s t ) :  m a r l y  s a n d ;  s t r u c t u r e :  none :  
l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y ,  s t r o n g l y  e f f e r v e s c e n t .  

S u r f  ace: About  30-358 cobbles a n d  s t o n e s  i n  t h e  p r o f i l e ;  a b o u t  
80% s u r f a c e  c o v e r e d  by s t o n e s  a n d  cobbles up t o  1 m.  

I n c l u s i o n s :  O t h e r  areas o f  t h i s  s o i l  r a n g e  down t o  5  c m  o f  g r a v e l ;  
l a k e  a t  t he  s u r f a c e  o v e r  m a r l y  l a c u s t r i n e  s a n d ,  

S l o p e :  r a n g e s  f r o m  5 %  ( s m o o t h )  t o  25% ( r o l l i n g )  

P o s i t i o n :  T h i s  i s  a r e c e n t l y  d i s s e c t e d  l a c u . s t r i n e ,  o f f s h o r e  s e d i m e n t s ,  

V e g e t a t i o n :  W a n ' c a r t  ( r a r e )  

C l a s s i f i c a t i o n :  c o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  s ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  n o n e  

Range:  I11 1% b u s h  

I n t e r n a l  d r a i n a g e :  I11 i 

T e r r a c e s  a n d  d i v e r s i o n s :  111 p 

Embankments, d i k e s  a n d  l e v e e s :  I11 p 

Pond r e s e r v i o r :  I1 p 



SOIL SERIES BY CLASSIFICATION 

S imi la r  American S o i l s  D j iMuta in  S o i l s  

A r i d i s o l s  

Calcor th ids  - - - - - -  
sandy, mixed hyperthermic,  Typic C a l c i o r t h i d  

~ a s t l a n d -  Afmeeaytou 

f i n e  loamy, mixed hyperthermi c, Typic Ca lc io r th id  
Lareen Atar 
Wintersburg; Sotim Jaban Eas 

loamy s k e l e t a l ,  mixed hyperthermic,  Typic Ca lc io r th id  
Tonopah Easa Gelaw 
Gunsight 
Whitlock Goray Feeb 

loamy, mixed hyperthermi c ,  Typic C a l c i o r t h i d  
Masonfort A 1  Kibo 
Masonfort Awdiea 

loamy s k e l e t a l ,  mixed hyperthermic,  L i t h i c  Ca lc io r th id  
Hobog; Lozier  Dita  

Cambborthids - - - 
f i n e  Toamy, mixed hyperthermi c, Typic Camborthid 

Lalande 
Lal inda 
Ade l i n o  

Grand Bara 
G u i s t i r  
Hadkodley 

loamy, s k e l e t a l  mixed hyperthermic, L i t h i c  Camborthid 
Laposa Arraha Ommane 

A r i d i s o l s  

S a l o r t h i d s  - - - - -  
f i n e  loamy, mixed hyperthermi c ,  Typic S a l o r t h i d  

Bunker H i l l  R i f fo r  Damoun 

f i n e  .$oamy, mixed hyperthermi c ,  Typic Natrargid 
Casa Grande Eangalalo 



S i m i l a r  A m e r i c a n  S o i l s  D j i b o u t i a n  S o i l s  

f i n e  loamy,  m i x e d  h y p e r t h e r m i c ,  A e r i c  H a l a q u e p t  
H i l m a r  Dabaga l a  l e y  

E n t i s o l s  

T o r r i o r t h e n t s  - - - - - - -  
loamy s k e l e t a l ,  m i x e d  h y p e r t h e r m i c ,  T y p i c  T o r r i o r t h e n t  

L a p o s a  E a s a  D o  
A r i z o  M a a r i g i  

Oueah  
A f n a b a  Daba 

s a n d y  s k e l e t a l ,  m i x e d  h y p e r t h e r m i c ,  T y p i c  T o r r i o r t h e n t  
Kokan: Arden  Da l e  D o l a  

coarse loamy,  m i x e d  h y p e r t h e r m i c ,  T y p i c  T o r r i o r t h e n t  
K i m b e r l i n a ;  Seaman Wanni Daear 

s a n d y ,  mixed  h y p e r t h e r m i c ,  T y p i c  T o r r i o r t h e n t  
A c o ;  Y e l l o w r o c k  Eado  G a f a n  

loamy s k e l e t a l ,  m i x e d  h y p e r t h e r n i c ,  L i t h i c  T o r r i o r t h e n t  
T e c o p a ;  U p s p r i n g  Dagah Dere 
M i n l i t h  G a r r a y t o  

s a n d y ,  m i x e d  h y p e r t h e r m i c ,  L i t h i c  T o r r i o r t h e n t  
C a n t u a  Degamankal  

f i n e  loamy,  m i x e d  h y p e r t h e r m i c ,  L i t h i c  T o r r i o r t h e n t  
Tr igger :  Oelgado L a h i  Daddaeo 

E n t i s o l s  

T o r r i f l u v e n t s  - - - - - - -  
c o a r s e  loamy,  m i x e d  h y p e r t h e r m i c ,  T y p i c  T o r r i f  l u v e n t  

I reteba; Anthony  Adoy 1 a  

s a n d y  s k e l e t a l ,  m i x e d  h y p e r t h e r m i c ,  T y p i c  T o r r i f l u v e n t  
M o m o l i ;  R i p l e y  Ka 1 l o l o u  

Psamments  - - - - -  

mixed h y p e r t h e r m i c ,  T y p i c  T o r r i p s a m m e n t  
R o s i t a s ;  Y t u r b i d e  Houmbou 1 i 



Simi lar  American S o i l s  Djiboutian S o i l s  

C a l c i u s t o l l s  - - - - - -  
f i n e  loamy s k e l e t a l ,  mixed hyperthermic,  Aridic  C a l c i u s t o l l  

Pozo Blanco, Arta 

f i n e  loamy, mixed hyperthermic,  Ar id ic  C a l c i u s t o l l  
Enqle; Sarnosa Daba Eabdalle 

loamy, mixed hyperthermic,  Pachic C a l c i u s t o l l  
E l f r i d a  Minkille 

Haplus to l l s  

loamy, s k e l e t a l ,  mixed hyperthermic,  Ar id ic  Hap lus to l l  
Wainee Dimo Le Boda 

Miscellaneous Land 

Talus s lope  - - - - - -  

Lava flow - -  - -  
Wadi channel - -  - - - -  
Beach - - -  
Mud f l a t  - - - -  
Marl - - 
S a l t  marsh - -  - - -  

Types 

Rock outcrop  - -  - - -  



LIST OF AMERICAN SOILS SIMILAR TO DJIBOUTIAN SOILS 

Acado 
A co 
Ade l i n o  
Ake l a  
Agua 

Agua lt 

A g u i l i t a  

Alemeda 
A l g e r i t a  
A m  l e  
Anthony 
Arden 
A r i z o  
B a z i t o  
Begay 
Blue P o i n t  
B r i d g e  
Burson 
Ca jon 
C a l i z a  
Can tua  
C a n u t i o  
C a r s i t a s  
C a r r i z o  
C a s a  Grande  
C h a r b e r i n o  
Cherum 
C l a r k  
Comoro 
C o o l i d g e  
C o t t o n  Wood 
Dant  
D a t e l a n d  
Delgado 
Doss 
E a s t l a n d  
E l f r i d a  
Emauda 
E m o t  
E n g l e  
E x c e l s i o r  
F r e d e n s b o r g  
G a l l e g o s  
G a r c e s  
G i l a  
G i l l i a m  
G i l l a n d  
Go tha rd  
G r a p e v i n e  

C o a r s e  loamy n i x e d  ( c a l )  TTypth. T y p i c  T o r r i o r t h e n t  
F i n e  loamy, mixed, t h .  T y p i c  Cambor th id  
Loamy s k e l e t a l ,  mixed ( c a l ) ,  t h ,  L i t h i c  T o r r i o r t h e n t  
C o a r s e  loamy o v e r  sandy or s k e l e t a l ,  mixed ( c a l ) ,  
t h e r m i c ,  T y p i c  T o r r i f l u v e n t  
C o u r s e  loamy o v e r  sandy o r  s k e l e t a l ,  mixed ( c a l ) ,  
Hy the rmic ,  T y p i c  T o r r i f l u v e n t  
Loamy s k e l e t a l ,  C a r b o n a t i c ,  I s o h y t h  Sha l low T y p i c  
C a l c i u s t a l l  
Loamy s k e l e t a l ,  mixed, t h ,  T y p i c  C a l c i o r t h i d  
C o a r s e  loamy, mised,  t h ,  T y p i c  C a l c i o r t h i d  
Sandy,  mixed, t h ,  T y p i c  T o r r i o r t h e n t  
C o a r s e  Loamy, Mixed ( c a l ) ,  Th, T y p i c  T o r r i f l u v e n t  
Sandy s k e l e t a l ,  Mixed, Th, ~ y p i c  T o r r i o r t h e n t  
Sandy s k e l e t a l ,  Mixed, Th, T o r r i o r t h e n t  
Mixed, t h e r m i c ,  T y p i c  Torr ipsamment  
C o u r s e  loamy, Mixed, Mesic i J s t o l l i  c Cambor th id  
Mixed t h e r m i c  T y p i c  Torr ipsamment  
F i n e  loamy, Mixed t h ,  T y p i c  C a l c i o r t h i d  
Loamy, mixed, ( c a l ) ,  t h ,  s h a l l o w ,  U t i c  T o r r i o r t h e n t  
Mixed, t h e r m i c ,  T y p i c  Torr ipsamment  
Sandy s k e l e t a l ,  Mixed, t h e r m i c  T y p i c  C a l c i o r t h i d  
C o a r s e  loamy, Mixed, nonac id ,  t h ,  T y p i c  T o r r i o r t h e n t  
Loamy s k e l e t a l ,  Mixed ( c a l ) ,  t h ,  T y p i c  T o r r i o r t h e n t  
Mixed, Hyth, T y p i c  Torr ipsamment  
Sandy s k e l e t a l ,  Mixed, Hyth, T y p i c  T o r r i o r t h e n t  
F i n e  loamy, Mixed, Hyth, T y p i c  N a t r a r q i d  
Loamy s k e l e t a l ,  Mixed, t h e r m i c ,  T y p i c  C a l c i o r t h i d  
C o a r s e  loamy, mixed, ( ~ a ) ,  t h ,  T y p i c  T o r r i o r t h e n t  
F i n e  loamy, Mixed, t h ,  T y p i c  C a l c i u s t a l l  
C o a r s e  loamy, Mixed, ( c a l )  , t h ,  T y p i c  T o r r i f l u v e n t  
C o a r s e  loamy, Mixed, Hyth, T y p i c  C a l c i o r t h i d  
Loamy, Mixed, ( c a l l ,  t h ,  s h a l l o w  U s t i c  T o r r i o r t h e n t  
F i n e  loamy, Mixed, Hyth, A r i d i c  H a p l u s t o l l  
C o a r s e  loamy, Mixed, Hyth, T y p i c  Carnborthid 
Loamy, Mixed, ( c a l ) ,  t h ,  L i t h i c  T o r r i o r t h e n t  
Loamy, C a r b o n a t i c ,  t h ,  s h a l l o w ,  T y p i c  C a l c i u s t o l l  
Sandy s k e l e t a l ,  Mixed, Hyth, T y p i c  C a l c i o r t h i d  
F i n e  Loamy, Mixed, t h ,  P a c h i c  C a l c i u s t o l l  
C o a r s e  loamy, Mixed, ( N a ) ,  t h e r m i c ,  T y p i c  T o r r i o r t h e n t  
Loamy s k e l e t a l ,  Mixed ( c a l )  , t h .  T y p i c  T o r r i o r t h e n t  
F i n e  loamy, Mixed, t h ,  T y p i c  C a l c i u s t o l l  
C o a r s e  loamy, Mixed, ( c a l ) ,  t h .  T y p i c  C a l c i u s t o l l  
Loamy, C a r b o n a t i c ,  I s o h y t h ,  s h a l l o w ,  T y p i c  C a l c i u s t o l l  
Loamy s k e l e t a l ,  Mixed, t h ,  U s t o l l i c  Camborthid 
F i n e  loamy, Mixed, t h e r m i c ,  T y p i c  N a t r a q i d  
C o a r s e  loamy, Mixed, ( c a l ) ,  t h ,  T y p i c  T o r r i f l u v e n t  
F i n e  s i l t y ,  Mixed, Mesic, F l u v a q u e n t i c  H a p l u d o l l  
Loamy s k e l e t a l ,  Mixed, t h e r m i c  IJstolLic Camborthid 
F i n e  loamy, Mixed t h ,  Typ ic  N a t r a r g i d  
C o a r s e  loamy, Mixed, t h ,  T y p i c  C a l c i o r t h i d  



American S o i l s  ( c o n t i n u e d )  

Gunsight  
Hol loran 
Hidalgo 
Hilmar 

Hobog 
Ignac io  
I r e t e b a  
J e a n  
J u n c t i o n  

Kett leman 
Kimber l i n e  
KoKan 
Laguni ta  
Lalande 
La l inda  
L a t e n t  
Lapos a  
Laverkin  
Laveen 
Loz ie r  
Lupe 
Mabray 
Mabray 
Maricopa 

Mar ipo  

Maynard Lake 
Mcclough 
Mescal 
M i n l i t h  
Moapa 
Momoli 
Myoma 
Nicke l  
Nickey 
Norob 
Ogral  

Masonfort  
Paloduro * .  

Panoche 
Pantano 
P e t t u s  
P i n t u r a  
Pozo Blanco 
Randsberg 
Real  
Remmi t 
R e t r i e v e r  

Loamy s k e l e t a l ,  Mixed Myth, Typic C a l c i o r t h i d  
Coarse loamy, Mixed, t h ,  Typic N a t r a r q i d  
F ine  loamy, Mixed, Hyth, Typic C a l c i u s t a l l  
Sandy ove r  loamy, Mixed, ( c a l ) ,  t h ,  Typic  A e r i c  
Halaguept  
Loamy s k e l e t a l ,  Mixed, t h ,  L i t h i c  C a l c i o r t h i d  
Coarse  loamy, Mixed, Mesic, U s t o l l i c  Camborthid 
Coarse  loamy, Mixed ( c a l l ,  the rmic ,  Typic  T o i r r i f l u v e n t  
Sandy s k e l e t a l ,  Mixed, t h ,  Typic T o r r i o r t h e n t  
Coarse  loamy, Mixed ( c a l ) ,  t h ,  t he rmic  Typic  
T o r r i f l u v e n t  
F i n e  loamy, Mixed, ( c a l )  , t h ,  Typic T o r r i o r t h e n t  
Coarse  loamy, Mixed, t h ,  Typic T o r r i o r t h e n t  
Sandy s k e l e t a l ,  Mixed, t h ,  Typic T o r r i o r t h e n t  
Mixed, Hyth, Typic Torripsamment 
F ine  loamy, Mixed, thermic ,  U s t o c h r e p t i c  Camborthid 
F ine  loamy, Mixed, Hyth, U s t o l l i c  Camborthid 
Coarse  loamy, Mixed, t h ,  Typic C a l c i o r t h i d  
Loamy s k e l e t a l ,  Mixed, ( c a l ) ,  Hyth, Typic  T o r r i o r t h e n t  
F ine  loamy, Mixed, t h ,  Typic C a l c i o r t h i d  
Coarse  loamy, Mixed, t h ,  Typic C a l c i o r t h i d  
Loamy s k e l e t a l ,  c a rb ,  t h ,  L i t h i c  C a l c i o r t h i d  
Loamy, s k e l e t a l ,  Mixed, Hyth, Typic  C a l c i u s t o l l  
Loamy, s k e l e t a l ,  Mixed, Hyth, Typic C a l c i u s t o l l  
Loamy s k e l e t a l ,  c a rb ,  thermic ,  L i t h i c  T o r r i o r t h e n t  
Coarse  loamy ove r  s o r s k ,  Mixed, ( c a l ) ,  t h ,  Typic  
T o r r i f l u v e n t  
Coarse  Loamy ove r  s o r s k ,  Mixed, ( c a l ) ,  Hyth, Typic  
T o r r i f  l u v e n t  
Mixed t he rmic  Typic  Torripsamment 
Coarse  loamy, Mixed, ( c a l ) ,  t h ,  Typic  T o r r i o r t h e n t  
F ine  loamy, Mixed, ( c a l )  , t h ,  Typic T o r r i o r t h e n t  
Sandy s k e l e t a l ,  Mixed, thermic ,  L e t h i c  T o r r i o r t h e n t  
Mixed, the rmic ,  Typic Torripsamment 
Sandy, s k e l e t a l ,  mixed, Hyth, Typic T o r r i f l u v e n t  
Mixed, Hyth, Typic  Torripsamments 
Loamy s k e l e t a l ,  Mixed, t h ,  Typic C a l c i o r t h i d  
Coarse  loamy, Mixed, t h ,  Typic C a l c i o r t h i d  
F ine  Loamy, Mixed, t h ,  Typic Na t r a rg id  
Loamy s k e l e t a l ,  Mixed, ( c a l ) ,  Thermic, Typic  
T o r r i o r t h e n t  
Loamy, Mixed, t h ,  shal low,  Typic C a l c i o r t h i d  
F ine  loamy, Mixed, t h ,  A r i d i c  Hapus to l l  
F ine  loamy, mixed ( c a l ) ,  t h ,  Typic  T o r r i o r t h e n t  
Loamy s k e l e t a l ,  mixed, t h ,  Typic C a l c i o r t h i d  
Loamy s k e l e t a l ,  c a rbona t i c ,  Hyth, Typic  C a l c i u s t o l l  
Mixed, t he rmic ,  Typic Torripsarnment 
Loamy, ca rb ,  I sohy th ,  shal low,  Typic  C a l c i u s t o l l  
Loamy, Mixed, ( c a l ) ,  t h ,  shal low,  Typic  C a l u i s t o l l  
Loamy s k e l e t a l ,  ca rb ,  t h ,  shal low,  Typic  C a l u i s t o l l  
Coarse  loamy, Mixed, Mesic, U s t o l l i c  Camborthid 
Loamy, c a r b ,  t h ,  L i t h i c  T o r r i o r t h e n t  



American So i l s  (cont inued)  

R i l l i n o  
R i l l i t o  
Ripley 
Ros i t a s  
Sanderson 
Sornosa 
Sa ta t ton  
Schenco 
Schrap 
Seaman 
Searchl ight  
Sion 
Sot i m  
S t .  Thomas 
Stagecoach 
Sunr ise  
Supers t i t ion  
Tecopa 
Tidwell 
Tobaer 
Tonopah 
Toquop 
Trigger  
Turney 
Upspring 
Valencia 
Venus 
V i c t o r v i l l e  
Wainee 
Wasco 
Whitlock 
Wikenborg 
Wink 
Yana 
Y e l l o w  R o c k  
Ye rmo 
Yturbide 
Z i t a  

Coarse loamy, Mixed, t h ,  Typic Calc ior th id  
Coarse loamy, Mixed Hyth, Typic Calciorthicl 
Sandy, s k e l e t a l ,  Hyth, Typic Tor r i f luven t  
Mixed, Hyth, Typic Torripsamment 
Loamy s k e l e t a l ,  carb,  t h ,  U s t o l l i c  Camborthid 
Coarse loamy, Mixed, Hyth, Typic C a l c i u s t o l l  
Sandy, Mixed, Hyth, Typic Sa lo r th id  
Loamy s k e l e t a l ,  Mixed, Hyth, shallow, Typic Camorthid 
Loamy s k e l e t a l ,  Mixed, (Na) ,  t h ,  Us t i c  Tor r io r then t  
Coarse loamy, Mixed, ( c a l ) ,  t h ,  Typic Tor r io r then t  
Sandy over loamy, Mixed, t h ,  Typic Torr i f luvent  
Loamy, Carbon, Isohyth,  shallow, Typic C a l c i u s t o l l  
Fine loamy, Mixed, t h ,  Typic Ca lc io r th id  
Loamy s k e l e t a l ,  carb,  t h ,  L i t h i c  Tor r io r then t  
Loamy s k e l e t a l ,  Mixed, t h ,  Typic Calc ior th id  
Fine loamy, Mixed, t h ,  Typic Calc ior th id  
Mixed, Hyth, Typic Ca lc io r th id  
Loamy s k e l e t a l ,  Mices, ( c a l ) ,  t h ,  L i t h i c  Tor r io r then t  
Loamy, Mixed, ( c a l )  , t h ,  L i t h i c  Tor r io r then t  
Coarse loamy, Mixed, ( c a l ) ,  t h ,  Typic Tor r i f luven t  
Sandy s k e l e t a l ,  Mixed, t h ,  Typic Ca lc io r th id  
Mixed, thermic, Typic Torripsamment 
Loamy Mixed, ( c a l )  , t h ,  L i t h i c  Tor r io r then t  
Fine loamy, Mixed, t h ,  Typic Ca lc io r th id  
Loamy s k e l e t a l ,  Mixed, ( c a l )  , t h ,  L i t h i c  Tor r io r then t  
Coarse loamy, Mixed, ( c a l )  , Hyth, Typic Tor r i f luven t  
Fine loamy, Mixed, t h ,  Typic C a l c i u s t o l l  
Coarse loamy, Mixed, ( c a l ) ,  th ,  Typic Tor r i f luven t  
Clayey, s k e l e t a l ,  Kool, Ishyth,  Aridic  Haplus to l l  
Coarse Loamy, Mixed, (Na),  Th, Typic Tor r io r then t  
Coarse loamy, Mixed, t h ,  Typic Ca lc io r th id  
Loamy s k e l e t a l ,  Mixed, t h ,  Typic Tor r io r then t  
Coarse loamy, Mixed, th ,  Typic Calc io th id  
Coarse loamy, Mixed, ( ~ a )  , t h ,  Typic Tor r io r then t  
Sandy, Mixed, Typic Tor r io r then t  
Loamy s k e l e t a l ,  Mixed, ( c a l ) ,  th ,  Typic Torriorthent- 
Mixed, Typic Torripsamment 
Fine loamy, Mixed, Aridic  Heplus to l l  



LIST OF GEOMORPHIC ZONES NUMERICAL CODE 

R e c e n t  L i t o r a l  s e d i m e n t s  
Cemented L i t o r a l  s e d i m e n t s  
Wadi d e l t a  
A l luv ium 
T e r r a c e  d e p o s i t s  
C o l l u v i a l  d e p o s i t s  
D i s s e c t e d  C o l l u v i a l  f a n s  
S t e e p  v a l l e y  s l o p e s  ( f o o t  s l o p e s )  
S t e e p  mounta in  s l o p e s  ( t a l u s  s l o p e s )  
R o l l i n g  h i l l s  
U n d u l a t i n g  h i l l s  
L a c u s t r i n e  p l a y a  
~ i s s e c t e d  l a c u s t r i n e  p l a i n  
I n t e r m o u n t a i n  b a s i n  p l a i n  
E o l i a n  s a n d  
L o e s s  capped  l a v a  f l ow  
Lava f l ow  
P l e a s t e a w  
Wadi c h a n n e l  
Beach 
Rock o u t c r o p  
C r y s t a l  s a l t  
A c t i v e  s a n d  d u n e s  
I n t e r t i d a l  zone  
Exposed l a k e  mud 
R e c e n t l y  exposed  l a k e  bo t tom 
S h o r t  c l i f f s  
Marl 
C o r a l  i s l a n d s  
Vo lcanos  
L o e s s  capped  c o r a l  
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Volume 5: M i s c e l l a n e o u s  Reports - 

Volume 5 c o n t a i n s  s e v e r a l  reports w h i c h  w e r e  q e n e r a t e d  
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r e g i o n .  

A p p e n d i x  K: - R e p o r t  o n  the  s o i l s  a n d  w a t e r s h e d s  of t he  Dey Dey 
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L a b o r a t o r y  L i b r a r y .  

A p p e n d i x  N: - C o n t a i n s  two p a p e r s  p r e s e n t e d  a t  t h e  c o n f e r e n c e  o n  
" R e m o t e  S e n s i n g  o f  Arid a n d  S e m i - A r i d  L a n d s "  i n  
C a i r o ,  E g y p t .  

A p p e n d i x  0 :  - C o n t a i n s  F i e l d  T r i p  G u i d e s .  
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- 
R~PUBLIQUE DE DJIBOUTI 

A P P E N D I X  J 

R E P O R T  ON T H E  S O I L S  O F  T H E  

SABBALOU AND C H E K H E Y T I  R E G I O N S  



APPENDIX - J 

Report on t h e  S o i l s  i n  t h e  Region of 

Sabbalou and Chekheyti 

by 

D r .  Joseph Goebel and M r .  Aboubaker Douale 

The o u t l i n e  of t h e  r epo r t  presented here  contains a  resume 
of t h e  s o i l s  i n  t h e  two s ec to r s  i n  t h e  region of Diki l ,  Djibouti ,  
known as Sabbalou and Chekheyti. 

The maps have been made s p e c i f i c a l l y  t o  serve as  a  guide f o r  
dec is ion  making on t h e  placement of dispossessed people res id ing  
i n  Djibouti  and under t h e  r e spons ib i l i t y  of t h e  United Nations. 
The objec t ive  i s  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of a  rese t t lement  
p ro j ec t .  I f  t h i s  p ro jec t  i s  approved, we w i l l  en te r  t h e  region 
t o  make a  more de t a i l ed  and s p e c i f i c  s o i l  study of s p e c i f i c  l o t s  
f o r  development. 

This s o i l  study i s  only a  guide t o  t h e  s o i l  condit ions of 
t h e  region. Eventually,  more s p e c i f i c  da ta  w i l l  be co l l ec ted  on 
t h e  region. Due t o  t h e  very s h o r t  time a l l o t ed  t o  do t h e  
p ro j ec t ,  we have est imated t h e  s o i l  condit ions based on s o i l s  i n  
nearby areas .  

Since it i s  s t i l l  uncer ta in  where and how much water w i l l  be 
ava i l ab l e ,  t he  desc r ip t ions  and t h e i r  i n t e rp r e t a t i ons  on s i t e  
have not  been accomplished u n t i l  productive wells have been 
loca ted  and t h e  p ro j ec t  approved. A t  t h a t  time, t h e  s o i l s  f o r  
each l o t  w i l l  be determined and s p e c i f i c  i n t e rp r e t a t i ons  made. 

The s o i l s  described he re  a r e  those  encountered i n  Dj ibout i  
during t h e  National S o i l  Survey and a r e  those which most 
r epresen t  those of t h e  a rea  involved. But, they a r e  not  
necessa r i ly  t h e  same. 

We have a l so  included t h e  name of an American s o i l  which i s  
i d e n t i c a l  t o  t h a t  s o i l  found i n  Dj ibout i  based on t h e i r  
i n t e rp r e t a t i on .  More s p e c i f i c  i n t e rp r e t a t i ons  w i l l  be furnished 
when t h e  s i t e s  a r e  de f ina te ly  se lec ted .  



Key t o  S o i l  I n t e r p e r t a t i o n s  Symbols 

Land C a p a b i l i t y  C l a s s i f i c a t i o n  

The S o i l s  a r e  d i v i d e d  i n t o  8 ( I - V I I I )  c a t e g o r i e s  
depend ing  on  t h e  i n t e n s i t y  o f  l a n d  u s e  (see Buchman and  
Brandy)  f rom de l l  t i l l e d  raw c r o p s  t o  w a t e r s h e d  and  w i l d l i f e  
h a b i t a t .  F o r  a l l  c a t e g o r i e s ,  e x c e p t  I ,  t h e r e  i s  a  l i m i t a t i o n  
t o  t he  u s e  o f  t h a t  so i l  f o r  a g r i c u l t u r e .  A l l  o f  D j i b o u t i  i s  
t o o  a r i d  f o r  c l a s s  I l a n d  b e c a u s e  t h e s e  so i l s  r e q u i r e  
i r r i g a t i o n  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  T h e r e f o r e ,  t h e  a r i d  
l i m i t a t i o n  i s  assumed f o r  a l l  so i l s  o f  t h e  c o u n t r y .  The 
f o l l o w i n g  l i s t  o f  le t te rs  which f o l l o w  t h e  Roman Numerals o f  
t h i s  c l a s s i f i c a t i o n  sys t em i n d i c a t e  t h e  i m p o r t a n t  s p e c i f i c  
r e s t r a i n t :  

w = a v a i l a b l e  w a t e r  c a p a c i t y  
r = r o o t i n g  zcne  d e p t h  i n  less  t h a n  o n e  meter 
s = s l o p e  i s  g r e a t e r  t h a n  5 p e r c e n t  
d  = d r a i n a g e  for  l e a c h i n g  s a l t s  
c  - s u s c e p t i b i l i t y  t o  w a t e r  o v e r f l o w  
a  - a l k a l i n i t y  
g - s t o n i n e s s  
v  = wind e r o s i o n  and b lowing  
e = e r o s i o n  s u s c e p t i b i l i t y  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n  

T h e  code  f o r  i r r i g a t i o n  s u i t a b i l i t y  i s  t h e  same f o r  a l l  
8 ( I  t h r o u g h  V I I I )  c a t e g o r i e s  o f  t h e  l a n d  c a p a b i l i t y  
c l a s s i f i c a t i o n  w i t h o u t  t h e  a r i d i t y  l i m i t a t i o n  a s  a  
c o n s t r a i n t .  T h e  same symbols of l i m i t a t i o n  a r e  i n d i c a t e d  a s  
t h e y  a f f e c t  i r r i g a t i o n  a g r i c u l t u r e .  T h e r e f o r e ,  i r r i q a t i o n  is 
assumed f o r  a l l  t h e s e  so i l s  and  n o  a d d i t i o n a l  symbol i s  used .  

I n t e r n a l  D r a i n a g e  C l a s s i f i c a t i o n  

H e r e  the l a n d  c a p a b i l i t y  c a t e g o r i e s  a r e :  

I no  l i m i t s  t o  i n t e r n a l  d r a i n a g e  p r a c t i c e s  
I1 modera te  l i m i t s  

I11 s e v e r e  l i n i t s  

T h e  l i m i t s  c o n s i d e r e d  t o  a f f e c t  i n t e r n a l  d r a i n a g e  a r e :  

t = p e r m e a b i l i t y ,  t e x t u r e  and  s t r u c t u r e  
r = d e p t h  t o  bedrock  
w = d e p t h  t o  t h e  w a t e r  t ab l e  
i = s t e e p n e s s  o f  s l o p e  
b = d i t c h  bank s t a b i l i t y  
c = f l o o d i n g  o r  ponding 
a  = s a l i n i t y  o r  a l k a l i n i t y  
s = a v a i l a b l e  o u t l e t s  



Terraces and Diversions S u i t a b i l i t y  C la s s i f i c a t i ons  

The ca tegor ies  here are:  

I no l i m i t s  f o r  building t e r r ace s  
I1 moderate l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determining t h e  s u i t a b i l i t y  fo r  t e r r ace s  
are:  

p  = slope,  steepness and length 
r = depth t o  bed rock 
f  = s tones  and outcrops 
w = wind hazard 
t = t ex tu r e  and permeability 
c  = channel s i l t a t i o n  
s = o u t l e t  a v a i l a b i l i t y  
e  = flooding hazard 

Embankments S u i t a b i l i t y  Class i f i ca t ion  

The major ca tegor ies  are:  

I no l i m i t s  t o  construct  embankments 
I1 moderate l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determining s u i t a b i l i t y  are:  

r  = depth of t h e  s o i l  
t = s o i l  t ex tu re  
e  = s o i l  erosiveness 
p = percent  and length of s lope 
g = presence of gypsum o r  s a l t  
c = s tones  

Pond Reservior S u i t a b i l i t y  Class i f i ca t ion  

The major ca tegor ies  are: 

I no l i m i t s  t o  pond construct ion 
I1 moderate l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determining s u i t a b i l i t y  are :  

t = permeabili ty 
w = depth t o  t h e  water t a b l e  
r = depth t o  bedrock, less than 2 meters 
p = s lope  
e  = flooding hazard 



Rangeland C l a s s i f i c a t i o n ,  Estimated Production 

I good production of 200-500 K pe r  Ha 
I1 l i m i t e d  production of 50-200 K p e r  H a  

I11 non-use of production 0-50 K per  P a  



AADA 

L o c a t i o n :  247.8 E 
1245.2 N 

0-15 c m :  A h o r i z o n :  c o l o r  brown 1 0 ~ ~ / 5 / 3  ( d r y )  s a n d ;  brown 
7 . 5  YR 4 /4  ( w e t )  s t r u c t u r e :  loose r i l d  
e f f e r v e s c e n t ;  p H  7.5-8, a b r u p t  boundary ,  s o r t e d  
and  s t r a t i f i e d  a e o l i a n  dune l a y e r s  o f  1-3 mm. 
D i f f e r e n t  p a r e n t  m a t e r i a l  from u n d e r l y i n g  s o i l .  

Bb h o r i z o n :  da rk  brown 7 . 5  YR 3 / 4  ( c l ry )  s i l t  
loam; d a r k  brown 7 .5  YR 3 / 4  ( m o i s t ) ,  modera t e  
s t r u c t u r e ,  l a r g e  b r e a k i n g  t o  medium, s u b a n g u l a r  
b l o c k y ,  15% f i n e  g r a v e l s .  l O Y R  414 ( w e t )  ve ry  
f r i a b l e ,  s t r o n g l y  e f f e r v e s c e n t :  few f i n e  p o r e s .  

Comment: sandy dunes of  1-4 m p r o f i l e  be tween dunes  s h r u b s  
a n d  g r a s s  5-10% v e g e t a t i o n  c o v e r  o f  30-50 crr h i g h ;  
0-5% s l o p e  ( smoo th )  l o c a t i o n :  o n  t h e  r i m  o f  t h e  
b a s i n  of  Grand Bara  (1 t o  2  mks w i d e )  a t  a b o u t  25 
m o f  t h e  E a s t  and 75 m SE c o r n e r  o f  t h e  Garden .  

C l a s s i f i c a t i o n :  loamy, mixed, h y p e r t h e r m i c  T y p i c  Camborthid 

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  111s 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  111s 

Range: 20% h e r b s  and  g r a s s  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and d i v e r s i o n s :  I I p  

Embankments, d i k e s  and  l e v e e s :  I1  t ; e ; p  

Pond r e s e r v i o r :  1 I I p ; t  

S i m i l a r  American S o i l :  DATELAND ( A r i z o n a )  



WANNI DAEAR 

L o c a t i o n :  155 .2  E 
1282.2  N 

0-5 c m :  A 1  h o r i z o n :  1 0  ~ R / 5 / 3  brawn ( d r y ) ;  1 0  ~ ~ / 3 / 4  d a r k  
y e l l o w i s h  brown: g r a v e l l y  s i l t  loam; m o d e r a t e  
medium t o  f i n e  a n g u l a r  b l o c k y  s t r u c t u r e :  f i r m ,  
f r i a b l e :  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
c l e a n  a n d  i r r e g u l a r  bounda ry .  

5-25+ c m :  C h o r i z o n :  2 . 5  YR/7/2 l i g h t  g r a y  ( d r y ) ;  2 .5  ~ ~ / 4 / 2  d a r k  
g r a y i s h  brown ( m o i s t )  ; m a r l y  s a n d ;  s t r u c t u r e :  
none ;  loose, v e r y  f r i a b l e ,  n o n s t i c k y ,  s t r o n g l y  
e f f e r v e s c e n t ,  

S u r f a c e :  About  30-353 c o b b l e s  and  s t o n e s  i n  t h e  p r o f i l e ;  
a b o u t  80% s u r f a c e  c o v e r e d  by s t o n e s  and  c o b b l e s  u p  
t o  1 m.  

I n c l u s i o n s :  O t h e r  areas o f  t h i s  s o i l  r a n g e  down t o  5  c m  o f  
g r a v e l :  l a k e  a t  t h e  s u r f a c e  o v e r  mar ly  l a c u s t r i n e  
s a n d ,  

S l o p e :  r a n g e s  f rom 5% ( s m o o t h )  t o  25% ( r o l l i n g )  

P o s i t i o n :  T h i s  i s  a r e c e n t l y  d i s s e c t e d  l a c u s t r i n e ,  o f f s h o r e  
s e d i m e n t s ,  

V e g e t a t i o n :  W a n ' c a r t  ( r a r e )  

C l a s s i f i c a t i o n :  Coarse loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  s ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 1% b u s h  

I n t e r n a l  d r a i n a g e :  I11 i 

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p 

Embankments, d i k e s  a n d  l e v e e s :  I11 p 

Pond r e s e r v i o r :  I1 p 

A S i m i l a r  American S o i l  is: ACO ( C a l i f o r n i a )  



EADO GAFAN 

Location:  182.8 
1285.3 

0-10 cm: A horizon;  1 0 ~ ~ / 5 / 3  brown ( d r y )  1 0 ~ ~ / 3 / 3  s t r o n g  
brown ( m o i s t )  ; sand; s t r u c t u r e :  none; s l i g h t l y  
f i rm,  very f r i a b l e ;  some f r e s h  water mollusks;  
s t r o n g l y  e f f e rvescen t ;  c l e a r ,  smooth boundary; 

10-75 cm: C hor izon;  1 0 ~ ~ / 5 / 4  yel lowish brown ( d r y ) ,  1 0 ~ ~ / 3 / 3  
s t r o n g  brown ( m o i s t ) ;  sand; s t r u c t u r e :  none: 
s l i g h t l y  f i rm,  very f r i a b l e ;  laminated;  moderately 
e f f e r v e s c e n t ;  

Pos i t i on :  Occurs on a  p l e i s t o c e n e  l a c u s t r i n e  p l a i n  

Vegetat ion:  This  p a r t i c u l a r  s o i l  has  5% bunch g r a s s  cover 

Comment : The Hanle p l a i n  i s  about 65% of t h i s  s o i l .  About 
20% covered with  dunes up t o  2 m high. 1 5 %  wadi 
w i th  dunes on t h e  edge. The sand dunes have 
s e v e r a l  spec i e s  of t r e e s ;  30% cover  up t o  3-4 m 
(Qudac,  Caday, dhagdhagan, moroh) 

C l a s s i f i c a t i o n :  sandy mixed hyperthermic Typic T o r r i o r t h e n t  

S o i l  I n t e r p r e t a t i o n :  

Land Capab i l i t y .  C l a s s i f i c a t i o n :  V I  v  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 v ;e  

Range: I1 5% g r a s s  

I n t e r n a l  d r a i n a g e :  I 

Te r races  and d ivers ions :  I1 p;w 

Embankments, d ikes  and levees:  I1 p 

Pond Reservior :  I1 t : w  

A S i m i l a r  American S o i l  is:  YELLOW ROCK ( ~ a l i f o r n i a )  



DIDJAN DER 
L o c a t i o n :  258.8 E 

1265.2  N 

0-15 c m :  A h o r i z o n ;  7 . 5 ~ ~ / 5 / 4  brown ( d r y ) ,  7 . 5 ~ ~ 1 3 1 4  d a r k  
brown ( m o i s t  ) ;  v e r y  g r a v e l l y  sandy c l a y  loam; weak 
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ,  l o o s e ,  f r i a b l e  
n o n s t i c k y ;  few f i n e  r o o t s :  65% o f  2 t o  4  mm 
g r a v e l s  : m o d e r a t e l y  e f f e r v e s c e n t ;  i r r e q u l a r  
d i f f u s e d  boundary ;  

15-85 c m :  Cca h o r i z o n :  1 0 ~ ~ / 8 / 1  w h i t e  ( d r y )  1 0 ~ ~ / 5 / 3  brown 
( m o i s t )  ; v e r y  g r a v e l l y  sandy c l a y  loam: 
s t r u c t u r e l e s s ;  t h i c k  c o a t i n g  o f  CaC03 o n  a l l  rock  
s u r f a c e s ,  abundan t  f i n e  f r a c t i o n ;  40% g r a v e l s ,  20% 
c o b b l e s ,  10% s t o n e s :  e x t r e m e l y  e f f e r v e s c e n t ;  
i r r e g u l a r  d i f f u s e d  boundary ;  

85-200 cm: I I C c a  h o r i z o n :  1 0 ~ ~ / 6 / 4  l i g h t  y e l l o w i s h  ( d r y ) ,  
1 0 ~ ~ / 6 / 3  p a l e  brown ( m o i s t ) ;  s t o n y  sandy  c l a y  
loam; f i r m  f r i a b l e ,  n o n s t i c k y ;  15% s o f t  powdery 1 
t o  5 mrn CaC03; i r r e g u l a r  d i f f u s e d  boundary ;  

200-350 c m :  I I I C c a  h o r i z o n ;  b o u l d e r y  a l l u v i u m  

S u r f a c e :  between 40-80% g r a v e l  and  a b o u t  30% c o b b l e s  and  
s t o n e s  

S l o p e :  0-38 d i s s e c t e d  ( s l i g h t l y )  

V e g e t a t i o n :  About 20% v e g e t a t i o n  c o v e r  ( b a l a n i t s  a e g y p t i o c a ,  
a c a c i a . .  . ) 

Comment: 100  m w e s t  o f  t h e  road ,  on t h e  w e s t  bank of  t h e  
wadi  

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  
T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I V  g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 CJ 

Range: 5% bush  

I n t e r n a l  d r a i n a g e :  I 

T e r r a c e s  and  d i v e r s i o n s :  I1 f  

Embankments, d i k e s  and  l e v e e s :  I1 c 

Pond r e s e r v i o r :  I1 t 



BALAMBAL 

L o c a t i o n :  251 E 
1260  N 

-15-0 cm:  v o l c a n i c  bombs o f  5  t o  30 c m  c o v e r i n g  75% o f  t h e  
a r e a .  

0-2 c m :  A h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y )  5 ~ ~ 1 3 1 4  
d a r k  r e d d i s h  brown ( w e t ) ;  s t o n y  c l a y  loam; 
m o d e r a t e  medium and  f i n e  s u b a n g u l a r  b l o c k y ;  
s t r u c t u r e ;  f r i a b l e  ( d r y  and  moist); common p o r e s  
(1-2mm) ; t h i n  d i s c o n t i n u o u s  CaC03 l a y e r  o n  r o c k  
f r a g m e n t s  below t h e  s o i l  s u r f a c e :  s t r o n u l y  
e f f e r v e s c e n t ,  f i n e  d i s s e m i n a t e d  CaC03 : pH 7 . 5  ; 
a b r u p t  bounda ry ;  

2-35 c m :  B h o r i z o n ;  5 ~ ~ / 4 / 6  y e l l o w i s h  r e d  ( d r y ) ,  5  Yl?/3/4 
d a r k  r e d d i s h  brown ( w e t )  ; s t o n l y  c l a y  loam; f i r m  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g  medium a n d  l a r g e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s t r o n g l y  
e f f e r v e s c e n t ,  f i n e l y  d i s s e m i n a t e d  CaC03 : pH 7 .5 ;  
few coarse woody t rees  roots; c l e a r  and  wavy 
bounda ry  ; 

35-45+ c m :  Cca h o r i z o n ;  many c o n t i n o u s  w h i t e  CaC03 c o a t i n g s  
o n  g r a v e l  uncemented;  loose. 

S l o p e :  S l o p e  o f  2  t o  3% 

P o s i t i o n :  on  a  p l a t e a u ,  f l a t  t o p  

V e g e t a t i o n :  2 t o  3% c o v e r :  " b i l c i n " ,  " i b a t e y s "  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  
C a l c i o r t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  r ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 5% b u s h  

I n t e r n a l  d r a i n a g e :  I11 r 

T e r r a c e s  a n d  d i v e r s i o n s :  I11 r ;  f  

Embankments, d i k e s  a n d  l e v e e s ;  I11 r ; c  

Pond r e s e r v i o r :  I11 r 

A S i m i l a r  American S o i l  i s :  W i n t e r s b e r g  ( ~ r i z o n a )  



OUEAH 

Location: 266.4 E 
1274.8 N 

- 2 5  crn t o  0: Rock fragments on t he  surface  (10% boulders,  cobbles 
and s tones  40%, gravels  4 0 % ) ,  

0-12 cm: A 1  horizon; 10YR/5/2 g ray i sh  brown ( d r y ) ,  10 YR/3/3 dark 
brown (mo i s t ) ;  very gravel ly  sandy loam; weak medium t o  
f i n e  subangular blocky s t r uc tu r e ;  loose (dry;  f r i a b l e  
( w e t ) ;  nonsticky ( m o i s t ) ;  many f i n e  and few coarse  
f ib rous  roo t s ;  f i n e  disseminated and 1 t o  4  mm 
indurated CaC03; s t rong ly  ef fervescent ;  60% gravels  and 
about 10% cobbles and s tones;  c l e a r  and dispersed 
boundary; 

12-50+ cm: C horizon; 10 YR/5/3 brown ( d r y ) ,  10 ~ ~ / 3 / 4  dark 
yellowish brown (mois t )  ; very gravel ly  sandy loam; weak 
f i n e  angular s t r u c t u r e ;  loose,  f r i a b l e  nonsticky; 70% 
gravels ,  f i n e  disseminated 1 t o  4  m m  indurated CaC03, 
continuous CaC03 coat ing  on t h e  rocks surface ;  s t rongly  
ef fervescent ;  common f i n e  roo t s ;  

Inclusions:  20% rock outcrop 

Slope: 45% of t he  s lopes a r e  occupied by t h i s  s o i l  

S imi lar  S o i l :  35% s i m i l a r  l i t h i c  e n t i s o l  

Vegetation: 20% of b i l c i n  and qudac cover 

Comment: Col luvia l  s lope  mixed igneous rocks, 2 5  t o  40% of 
s lopes on t h e  mountains, 

L o c a t i o n :  M i l i t a r y  f i r i n g  r a n g e  a t  500 m w e s t  o f  t h e  r o a d  a t  
Oueah, 

C l a s s i f i c a t i on :  loamy s k e l e t a l  mixed hyperthermic Typic 
Tor r io r then t  (about 45% o i f  t h e  a r e a ) ;  loamy 
s k e l e t a l  mixed hyperthermic L i t h i c  Torr ior thent  
(about 35% of t h e  a r e a ) .  



OUEAH 

c o n t i n u e d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s ; g ; e ; r ; w  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  n o n e  

Range: I 20% b u s h  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p ; r ; f  

Embankments,  d i k e s  a n d  l e v e e s :  I11 r ;  t ; p ; c  

A  S i m i l a r  Amer ican  S o i l  is :  TECOPA ( ~ a l i f o r n i a )  



HOUMBOULI 

L o c a t i o n :  295.9 F 
1278 .1  N 

On s u r f a c e :  Ag 

0-8 c m :  d e s e r t  pavement.  F l u v i a l  g r a v e l s  and  c o b b l e s  

4-12 c m :  A h o r i z o n ;  brown 1 0 ~ ~ / 5 / 3  ( d r y )  and d a r k  g r a y i s h  
brown 1 0 ~ ~ / 4 / 2  n o  s t r u c t u r e  ( l o o s e ) ,  s a n d ,  r a r e  

r o o t s  pH 7 .5 ;  

12-40+cm: C h o r i z o n ;  brown 7 .5  YR 5 / 5  ( d r y )  and  d a r k  brown 7 . 5  
YR 4 / 4  ( w e t ) ;  loose; few f i n e  roots ;  few c o b b l e s  (5 -  
1 0 % )  pH 8-8 .4 ;  

S l o p e :  1% 

V e g e t a t i o n :  a c a c i a  t o r t i l i s  - " k u l a n "  

E r o s i o n :  wind 

C l a s s i f i c a t i o n :  mixed h y p e r t h e r m i c  T y p i c  Tor r ip samment  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w ; e  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I11 w 

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I1 t 

Terraces a n d  d i v e r s i o n s :  I1 t 

Embankments, d i k e s  and  l e v e e s :  I1 t ; e  

Pond r e s e r v i o r :  111 t ; w  

S i m i l a r  American S o i l s  are: DIANOLA, TATTOM TA ex as) 
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A P P E N I D X  - K 

DEY DEY WATERSHED SOILS MAP -- -- 
SOILS DESCRIPTIONS AND INTERPRETATIONS - 

1.0 INTRODUCTION 

This medium s c a l e  s o i l s  map was made of t he  Dey Dey and 
Domer jog watersheds because of t h e i r  proximity t o  t h e  c i t y .  
Figure 1 shows t he  locat ion  of these  watersheds. They were a l so  
chosen f o r  t h e i r  s i z e .  I t  was important t o  learn  more about t he  
s o i l s  and water near t he  c i t y  of Djibouti  t o  he lp  answer 
development quest ions.  The Houmboul watershed was too  l a rae  fo r  
t h i s  p ro jec t .  The information w i l l  be he lp fu l  f o r  water 
development f o r  t h e  farms of Atar. 

I t  i s  recommended t h a t  t h e  s o i l s  mapping proceed on t h e  
watershed bas i s  because a l l  development i n  Dj ibout i  i s  dependent 
upon water resources which a r e  only ava i l ab le  from r a i n f a l l .  
Since a watershed i s  t he  catchment basin fo r  r a i n f a l l  runoff,  it 
becomes t h e  l o g i c a l  working basis .  Djibouti  has no fences o r  
o the r  fea tu res  t o  l oca t e  p o l i t i c a l  boundaries nor maps t o  
subs t an t i a t e  these ,  but  t h e  c r e s t  of t he  h i l l  t h a t  d iv ides  t h e  
r a i n  water between two va l l eys  i s  r e a l ,  everyone can see  it and 
i t  can be agreed upon i n  most cases. 

There i s  room f o r  some ag r i cu l t u r a l  development near  
Domerjog based on excess flood water seeping i n t o  t he  channel. A 
boulder back f i l l e d  t rench i n  t he  Dey Dey Wadi would supply 
b e t t e r  water f o r  t h e  Atar Agricul tural  Project  and i t s  neighbors. 
There i s  probably enough water fo r  one square kilometer of 
vegetables.  

Sect ion 2 .0  of t h i s  appendix discusses t h e  procedures f o r  
mapping t he  watersheds. Sect ion 3.0 contains a l i s t  of Dey Dey 
and Damerjog watershed s o i l  mapping u n t i s  and t h e i r  
descr ip t ions .  Sect ion 4.0 then covers t he  ac tua l  i n t e r p r e t a t i o n  
of t he  s o i l s  i n  t h e  Dey Dey and Damerjog areas.  
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2.0 PROCEDURES FOR MAPPING WATERSHEDS 

1. Make 1:100,000 s c a l e  map of t h e  wa te r shed  f o r  s l o p e s ,  con tours .  
d r a inage  network and n a t i o n a l  s o i l s  map t o  s e r v e  a s  guidance;  a l s o  
l o c a t e  t h e  5% random sample si tes t h a t  occur  i n  t h e  watershed.  

2. Acquire  t h e  1973 a e r i a l  pho tographs  t h a t  cover  t h e  watershed 
( s c a l e  approximate ly  1 :25,000) .  

3.  Match t h e  pho tos  by e s t a b l i s h i n g  a comrnon l i n e  on a l t e r n a t e  
pho tos  f o r  t h e  f l i g h t  l i n e  and a d j a c e n t  photos  between f l i g h t  l i n e s .  
E s t a b l i s h  n o r t h  and i n d i c a t e  t h i s  on t h e  photo.  Write t h e  number of  
t h e  matching photo.  

4. Loca te  a t  l e a s t  3 UTM c o o r d i n a t e s  f o r  each pho to  t o  be  used i n  
mapping. S e l e c t  t h o s e  w i t h  t h e  best c e r t a i n t y  of  i d e n t i f y i n g  t h e  s p o t  
on  bo th  t h e  phc to  and t h e  map. T h i s  w i l l  e s t a b l i s h  t h e  UTM q r i d  on 
t h e  photographs  and p r o v i d e s  ground c o n t r o l  and o r i e n t a t i o n .  Write 
t h e  g r i d  c o o r d i n a t e  numbers on t h e  photo .  

5. Take a l a r g e  s h e e t  of paper .  P ick  one  pho to  n e a r  t h e  c e n t e r  of 
t h e  watershed and p l a c e  it i n  undernea th  t h e  c e n t e r  of  t h e  pape r  and 
t r a c e  t h e  matching l i n e s .  Write t h e  number of t h e  pho to  i n  t h e  upper 
l e f t  c o r n e r  of t h i s  square .  T r a c e  t h e  UTM c o o r d i n a t e s  on t h e  map and 
g i v e  them t h e i r  p roper  number. P l a c e  t h e  matching pho to  on t h e  
matching l i n e  under t h e  pape r ,  a f t e r  removing t h e  o t h e r  photo.  I f  
p o s s i b l e ,  it i s  good t o  have a l l  t h e  photos  s p r e a d  t o  make a rough 
mosaic. Copy t h e  same i n fo rma t ion ,  matching l i n e s  and c o o r d i n a t e  
numbers, p e n c i l e  on t h e  paper .  D o  t h i s  f o r  a l l  of t h e  photos  to  t h e  
edge of t h e  watershed.  The pho tos  w i l l  n o t  f i t  e x a c t l y .  

6 .  E s t a b l i s h  t h e  s c a l e  of t h e  map by measuring between 2 q r i d  
c o o r d i n a t e s .  The f u r t h e r  a p a r t  t h e  b e t t e r .  You may check s e v e r a l  
pho to s  f o r  t h e  s c a l e  i n  t h e  same manner. 

7. Draw a UTM g r i d  on t h e  new map by p a s s i n g  through t h e  most UTM 
g r i d  p o i n t s  p o s s i b l e  w i t h  a eas t -wes t  l i n e  through t h e  middle. Then 
e s t a b l i s h  pe rpend i cu l a r  l i n e s  n e a r  b o t h  e a s t  and w e s t  ends pa s s ing  
closest t o  t h e  same row of c o o r d i n a t e  p o i n t s .  Armed w i th  t h e  s c a l e  
and o r i e n t a t i o n  eas t -wes t  and nor th - sou th ,  mark o f f  one k i l o m e t e r  
u n i t s  on  a l l  t h e s e  l i n e s .  T h i s  r e q u i r e s  p a t i e n c e  because  when 
connec t i ng  t h e  l i n e s  t o  make t h e  g r i d  t h e  i n t e r s e c t i o n  o f t e n  w i l l  n o t  
c o i n c i d e  w i th  t h o s e  a s s o c i a t e d  w i t h  t h e  photos .  T h a t ' s  due t o  
d i s t o r t i o n  i n  t h e  photos .  

8. Loca te  t h e  random sample s i tes  on t h e  map. 

9. Punch r e g i s t e r  c l e a r  a c e t a t e  t o  t h e  pho tos  and t r a c e  t h e  
i n fo rma t ion  on t h e  photo.  Now w i t h  t h e  s c a l e d  g r i d  p l a c e  t h e  
i n t e r s e c t s  on t h e  s i tes  i d e n t i f i e d  between t h e  pho to  and t h e  1:100,000 
map. E s t a b l i s h  t h e  l o c a t i o n  of t h e  random sample s i tes  and ink them 
on t h e  a c e t a t e  and l a b l e  them. 



10. Take the  photos t o  t h e  f i e l d  and describe and sample t he  s o i l s  i n  
t h e  random s i t e s .  Map fea tu res  a s  needed a e r i a l  support f o r  f i e l d  
work i s  necessary. 

11. Return t o  t he  o f f i c e  and proceed t o  map the  remaining photos and 
labe l  t h e  s o i l  u n i t s .  

1 2 .  Es tabl ish  as  many s o i l  s e r i e s  as  occur and develop descript ion 
and in te rpre ta t ion  of t h e  s e r i e s .  

1 3 .  Write up t he  mapping u n i t  descript ion.  

14. U s e  t h e  v e r t i c a l  sketchmaster t o  take out photo d i s t ro t i on  and 
put  t he  s o i l s  map a t  exactly 1;25,000 s c a l e  on a t r a n s f e r  sheet  of 
paper. B e  sure  t o  t r ans£  er t h e  UTM g r id  coordinate i n t e r s e c t s  and 
t h e i r  number. Also t r ace  t h e  drainage channels, roads, and watershed 
boundaries -- each i n  a  d i f f e r en t  color .  Be sure  t he  same areas match 
between photos. 

15. C u t  t h e  1:25,000 sca l e  t r a n s f e r  sheets  out  and a t t ach  them 
together .  This map i s  placed over and reg i s te red  t o  a  100 square 
kilometer g r id  i n  c l ea r  ace ta te ,  by matching as many coordinates t o  
t h e  g r id  as possible.  

16. Place a  clean sheet  of c l e a r  ace t a t e  over t h e  paper-constructed 
map and t r a c e  t he  s o i l s ,  drainage channels, roads, watershed 
boundaries, and other  important information. The map i s  ready for  
reproduction. 

17. Be sure  t he  s o i l s  c l a s s i f i c a t i o n s  a r e  consis tent  between 
ad joining watersheds. 

18. Measure t h e  watershed and each of t he  s o i l  areas.  

19. Complete t he  report  including t he  s i t e  descr ip t ions ,  the  s o i l  
s e r i e s  descript ions,  t h e  s o i l s  in te rpre ta t ions ,  t h e  mapping  u n i t  
descr ip t ions ,  l i s t  of mapping u n i t s ,  l i s t  of so i l s  s e r i e s  encountered 
and t h e i r  c l a s s i f i ca t i on .  

20. Make a reduced, convenient map fo r  general  d i s t r ibu t ion  and 
correc t  t he  nat ional  map accordingly. 



3.0 DEY DEY WATERSHED L I S T  O F  S O I L  MAPPING U N I T S  
AND MAP SYMBOLS 

A 0 2  7 A r r a n a  O m a n a e  

A t 1  A t a r  

A t 3 5  A t a r  eroded 

B a 1 6  B a l a m b a l  

D A 1 6  D a b a  E a b d a l l e  

D D l O  D a g a n  D e r e  

D a 9  D a m e r a k a d d a e  

D i 5  D i d j a n  D e r e  

D t l O  D i t a  

E o 4  E o u l m a  

E o 3  4 E o u l m a  - dunes  

G u 1 6  G u i s t i r  

G u 3  5 G u i s t i r ,  eroded 

G B 1 2  G r ' a n  B a r a  

J A 1 6  Jaban E a s  

O u 9  O u e a h  

1 9  Wadi channe l  

2 0  B e a c h  

30 V o l c a n i c  cone 



3.1  MAPPING UNIT DESCRIPTIONS 

Symbol: A027 

N a m e  of  p r i n c i p a l  s o i l :  Arraha  Ommane 

Loca t ion  and d i s t r i b u t i o n :  a l o n g  t h e  canyons,  b e s i d e  wadis  i n  t h e  
e a s t e r n  314 o f  t h e  a r e a .  

C l ima te :  h o t  and humid 

Predominance i n  t h e  watershed:  l i m i t e d  e x t e n t  

Composition of  Mapping U n i t s :  

1) Name of  t h e  s o i l  s e r i e s :  Ar raha  Ommane 

C l a s s i f i c a t i o n :  loamy, s k e l e t a l  mixed hyper the rmic ,  L i t h i c  
Camborthid. 

B r i e f  d e s c r i p t i o n :  s h a l l o w  s o i l ,  l e s s  t h a n  50 cm t h i c k ,  
da rk  brown g r a v e l l y  loam, t h i c k  CaC03 c o a t i n g s  on 
rocks ,  may have ve ry  t h i n  g r a v e l l y  sand overburden.  

P e r c e n t a g e  i n  t h e  mapping u n i t :  50% 

Geomorphic p o s i t i o n :  canyon s i d e  s l o p e s  

P a r e n t  m a t e r i a l :  e o l i a n  d e p o s i t s  and c o l l i v i u m  

Slope:  3-20% 

Dominant uses :  wa te r shed  

Minor i n c l u s i o n s :  15% Hol l -Hol l ,  10% wadi channe l s ,  10% 
o u t c r o p .  



Name of p r i n c i p a l  s o i l :  A t a r  - Eoulma 

L o c a t i o n  and d i s t r i b u t i o n :  a l o n g  t h e  s o u t h e r n  c o a s t .  

Cl imate :  h o t  and humid 

Predominance i n  t h e  coun t ry :  minor s o i l  i n  t h e  coun t ry .  

Composit ion of  Mapping U n i t :  

1)  N a m e  of t h e  s o i l  series: A t a r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed hyper the rmic ,  Typ ic  
C a l c i o r t h i d .  

B r i e f  d i s c r i p t i o n :  Thick s o i l ,  o v e r  150 cn .  t h i c k ,  da rk  
b r m n  t o  s t r o n g  brown, sandy loam o v e r  a  s i l t  loam, ca lc ium 
c a r b o n a t e  and ca lc ium s u l f a t e  i n  t h e  lower p a r t  of  t h e  
p r o f i l e .  

Pe rcen tage  of  t h e  mapping u n i t :  60% 

Geomorphic p o s i t i o n :  c o a s t a l  p l a i n  

P a r e n t  M a t e r i a l :  r e c e n t  mar ine  sediments .  

S lope :  1-3% 

Dominate uses :  range  and l i m i t e d  i r r i g a t e d  a g r i c u l t u r e .  

Name of  s o i l  series: Eoulma 

C l a s s i f i c a t i o n :  sandy,  mixed hyuper thermic ,  Typ ic  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  sandy s o i l  w i t h  a  p a l e  brown sandy c l a y  
loam o r  sand  o v e r  a  da rk  brown sand,  t h i c k  s o i l .  

Pe rcen tage  of t h e  mapping u n i t :  30% 

Geomorphic p o s i t i o n :  r e c e n t  a 1  luvium o r  e o l i a n  sands  from 
nearby a l l u v i a l  d e p o s i t s .  



Symbol: A t  1 ( c o n t i n u e d )  

P a r e n t  M a t e r i a l :  e o l i a n  s a n d  

S l o p e :  1-2% 

Dominate  u s e s :  I r r i g a t e d  a g r i c u l t u r e  a n d  r a n q e .  



Symbol: A t  35 

Name of p r inc ipa l  s o i l :  Atar 

Location and d i s t r i b u t i o n :  along t h e  c o a s t a l  p la in .  

Climate: hot  and humid 

Predominance i n  t h e  watershed: l imi ted  

Composition of Mapping U n i t :  

1)  Name of t h e  s o i l  s e r i e s :  Atar 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed hyperthermic, Typic 
Calc ior th id .  

Brief descr ip t ion:  th ick  s o i l  over 150 cm., dark brown t o  
dark reddish brown sandy loam over a  s t rong brcwn s i l t  
loam, calcium carbonate and calcium s u l f a t e  occur over 
t h e  lower p a r t  of t h e  p r o f i l e .  

Percentage of t h e  mapping u n i t :  75% 

Geomrphic pos i t ion :  on t h e  c o a s t a l  p l a i n  near major 
streams. 

Parent  mater ial :  recent  marine sediments 

Slope: 1-3% 

Dominant uses: range 

Minor inclusions:  158 eroded phase of t h e  same s o i l .  



Symbol: Ba 16 

Name of p r inc ipa l  s o i l :  Balambal - Derokkoma 

Location and d i s t r i bu t i on :  a l l  over t h e  country west of t he  mountain 
ranges, and t h e  p la teaus .  

Climate: warm and dry 
Predominance i n  t h e  country: one of t h e  major s o i l s  i n  t h e  country. 

Composition of Mapping Unit: 

1) Name of t h e  s o i l  s e r i e s :  Balambal 

Class i f i ca t ion :  f i n e  loamy, mixed hyperthermic, Typic 
Calc ior th id .  

Brief descr ip t ion:  between 50-75 cm. th ick ,  yellowish-red t o  
dark reddish-brown, stony clay lcam. 

Percentage of t h e  mapping uni t :  408 

Geomorphic pos i t ion:  eol ian  mater ia l  on the  lava plateau.  

Parent Material:  Eolian s i l t  and sand 

Slope: 1-38 sometimes up t o  5% 

Dominate uses: range 

Name of the  s o i l  s e r i e s :  Derokkoma 

Class i f i ca t ion :  f i n e  loamy, mixed hyperthermic. Typic 
Torr ior thent .  

Brief descr ip t ion:  75-125 cm. th ick ,  dark reddish-brown, 
stony sandy c lay  loam B horizon. 

Percentage  of t h e  mapping u n i t :  30% 

Geomorphic Posi t ion:  on t h e  lava plateau 

Parent Material:  eol ian  mantle 

Slope: 1-53 mostly 1-23 

Dominate uses: range. 

Minor inclusion:  20% wadi channels, 15% c o l l u v i a l  d e l a t s ;  up t o  
10% lava outcrop. 



Symbol:  DA 1 6  

N a m e  o f  p r i n c i p a l  s o i l :  Daba E a b d a l l e  

L o c a t i o n  a n d  d i s t r i b u t i o n :  o n  t h e  p l a t e a u s  i n  t h e  m o u n t a i n s  o f  t h e  
w e s t e r n  p a r t  o f  t h e  w a t e r s h e d .  

C l i m a t e :  m o d e r a t e  a n d  d r y  

P r e d o m i n a n c e  i n  t h e  w a t e r s h e d :  l i m i t e d  s o i l  

C o m p o s i t i o n  o f  Mapp ing  U n i t :  

1 )  N a m e  o f  t h e  s o i l  ser ies:  Daba E a b d a l l e  

C l a s s i f i c a t i o n :  f i n e  loamy s k e l e t a l  mixed  h y p e r t h e r m i c ,  A r i d i c  
C a l c u i s t o l l .  

B r i e f  d e s c r i p t i o n :  m o d e r a t e l y  t h i c k  50-100 c m ,  r e d d i s h  b r o a n  a n d  
d a r k  r e d d i s h  brown s i l t  l o a m ,  many s t o n e s ,  weak mol l i r  e p i p e d o n  
i n  t h e  s u r f  ace o v e r  y e l l o w i s h  red s i l t y  c l a y  loam a l d  g r a v e l l y  
s i l t y  c l a y  loam.  

P e r c e n t a g e  i n  t h e  m a p p i n g  u n i t :  5 0 %  

G e o m o r p h i c  p o s i t i o n :  l a v a  p l a t e a u  

P a r e n t  mater ial :  e o l i a n  m a n t l e  

S l o p e :  1 -33  

Dominan t  u s e s :  r a n g e  

M i n o r  i n c l u s i o n s :  

2 )  N a m e  o f  t h e  s o i l  ser ies :  M i n k i l l e  

C l a s s i f i c a t i o n :  f i n e  l o a m y ,  m i x e d  h y p e r t h e r m i c ,  P a c h i  C a l c i u s t o l l  

B r i e f  d e s c r i p t i o n :  5 0  c m  t h i c k ,  brown d a r k  g r a y i s h  brown 
g r a v e l l y  loam, s t o n l y  loam or  s t o n l y  c l a y  loam. 

P e r c e n t a g e  i n  t h e  m a p p i n g  u n i t :  2 0 3  

G e o m o r p h i c  p o s i t i o n :  p l a t e a u  

P a r e n t  mater ial :  e o l i a n  m a n t l e  sometimes loca l  a l l u v i u m  

S l o p e :  1-23  

Dominan t  u s e s :  r a n g e  

M i n o r  i n c l u s i o n s :  Balambal s o i l  u p  t o  1 0 8 ,  1 0 %  o f  T a l u s  a n d  r o c k  
o u t c r o p  w i t h  s l o p e s  o f  less t h a n  1 0 % .  



Symbol: DD 10 

Name of p r i n c i p l e  s o i l :  Dagah Dere-Goendale Madobe 

Location and d i s t r i b u t i o n :  E l i  Sabieh region and mountainous reaion 
of  Obock. 

Climate: 

Predominance i n  t h e  country: minor s o i l .  

Composition of Mapping U n i t :  

1)  Name of t h e  s o i l  s e r i e s :  Dagah Dere 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed hyperthermic, L i t h i c  
Tor r io r then t .  

Brief  descr ip t ion:  l e s s  than 50 cm. t h i c k ,  yellowish brown, 
vewry gravel ly  sandy loam over bedrock. 

Percentage of t h e  mapping u n i t :  50% 

Geomorphic pos i t ion:  on r o l l i n g  h i l l s .  

Parent Ka te r i a l :  r h y o l i t e  

Slope: 8-158 

Dominant uses: watershed and range. 

Name of t h e  s o i l  s e r i e s :  Goeondale Madobe 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l ,  mixed hyperthermic, Typic 
Ca lc io r th id .  

Brief  descr ip t ion:  l e s s  than 40 cm. t h i c k ,  yellowish brown, 
d a r k  brown, and  l i g h t  y e l l o w i s h  loam, g r a v e l l y  s andy  c l a y  
loam with a  c a l c i c  horizon. Surface few cm may be sandy 
loam. 

Percentage of mapping u n i t :  30% 

Geomorphic pos i t ion:  Talus o r  mountain s lopes  

Parent  Mater ial :  r h y o l i t i c  sandstone 

Slope: 15-20% 

Dominate Uses: watershed and range. 



Symbol Da 9 

Name of  p r i n c i p a l  s o i l :  Damerkaddae - Afnaba  Daba 

L o c a t i o n  and d i s t r i b u t i o n :  i n  t h e  r y o l i t i c  mounta in  zones  
t h r o u g h o u t  t h e  c o u n t r y  n e a r  E l i  S a b i e h  and  n o r t h  o f  Tad j o u r a  

C l ima te :  U s u a l l y  warm and  d r y  

Predominance i n  t h e  coun t ry :  m o d e r a t e l y  dominant  s o i l  i n  t h e  
c o u n t r y .  

Composi t ion  o f  Mapping U n i t s :  

1) Name of  t h e  s o i l  series: Darnerkadda 

C l a s s i f i c a t i o n :  s andy  s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i c k ,  y e l l o w i s h  brawn t o  s t r o n g  
brown v e r y  g r a v e l l y  s a n d  and  v e r y  g r a v e l l y  sandy  loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  40% 

Geomorphic p o s i t i o n :  mounta in  s i d e  s l o p e  and T a l u s  

P a r e n t  M a t e r i a l :  Col luvium 

S l o p e :  15-20% 

Dominant u s e s :  r a n g e  and  w a t e r s h e d .  

2 )  Name o f  s o i l  s e r i e s :  Afnaba Daba 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r r n i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  v e r y  t h i n  s o i l ,  l ess  t h a n  25  c m .  
d a r k  brown ve ry  g r a v e l l y  sandy loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  40% 

Geomorphic p o s i t i o n :  on h i g h  s l o p e s  o f  t h e  mounta in  
above  t h e  T a l u s .  

P a r e n t  M a t e r i a l :  t h i n  t a l u s  o r  c o l l u v i u m  

S l o p e :  20-50% 

Dominant u s e s :  w a t e r s h e d  and  r a n g e  

Minor i n c l u s i o n s :  o t h e r  s o i l s  i n c l u d e d :  A r r a h a  Ommane 
l o % ,  Da Le Dola 1 0 % .  



Symbol: D i  5  

Name of  p r i n c i p a l  s o i l :  Didjan  D e r  

L o c a t i o n  and d i s t r i b u t i o n :  a l o n g  s t r e a m s  and t e r r a c e s  
t h r o u g h o u t  t h e  c o u n t r y .  

C l imate :  h o t  and dry  o r  warm and dry  

Predominance i n  t h e  country :  minor 

Composit ion of  Mapping Uni t :  

1)  Name o f  t h e  s o i l  series: Did jan  D e r  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  
T y p i c  T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i c k  s t o n y  and very  g r a v e l l y  s o i l  
w i t h  a  da rk  brown sandy c l a y  loam, h a s  a ca lc ium 
c a r b o n a t e  l a y e r  o v e r  200  c m .  t h i c k .  

P e r c e n t a g e  of t h e  mapping u n i t :  70% 

Geomorphic p o s i t i o n :  t e r r a c e s  

S lope :  1-3% 

Dominant uses :  i r r i g a t e d  a g r i c u l t u r e  and r a n a e  l and .  

Minor i n c l u s i o n s :  a b o u t  15% s t r e a m  c h a n n e l s  10% s i d e  
s l o p e s  and t h e  Eoulma s o i l .  



Symbol :  D t  1 0  

N a m e  o f  p r i n c i p a l  s o i l :  D i t a  

L o c a t i o n  a n d  d i s t r i b u t i o n :  i n  a n d  a l o n g  c o a s t a l  m o u n t a i n s .  

C l i m a t e :  hot a n d .  humid.  

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  m i n o r  s o i l .  

C o m p o s i t i o n  o f  Mapping U n i t s :  

1 )  N a m e  o f  t h e  s o i l  ser ies :  D i t a  

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  m i x e d  h y p e r t h e r m i c ,  
L i t h i c  C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  less t h a n  50 c m .  t h i c k ,  p a l e  brown 
a n d  p i n k i s h  g r a y  g r a v e l l y  s a n d y  loam a n d  g r a v e l l y  l o a m  
w i t h  a Ca C03 l a y e r .  

P e r c e n t a g e  o f  t he  mapping u n i t :  70% 

Geomorphic p o s i t i o n :  r o l l i n g  h i l l s .  

P a r e n t  M a t e r i a l :  c o l u v i a l  s i d e  slopes or  p e d i m e n t  
s e d i m e n t s .  

S l o p e :  3-10% 

Dominan t  u s e s :  w a t e r s h e d  a n d  r a n g e .  

M i n o r  I n c l u s i o n s :  1 5 %  w a t e r w a y s ;  1 0 %  r o c k  o u t c r o p .  



Symbol: Eo 4 

N a m e  o f  p r i n c i p a l  s o i l :  Eoulma 

L o c a t i o n  a n d  d i s t r i b u t i o n :  on  t h e  c o a s t a l  s i d e  o f  t h e  
c o u n t r y  i n  a s s o c i a t i o n  w i t h  t h e  c o l l u v i a l  f a n s .  

C l i m a t e :  h o t  a n d  humid 

P redominance  i n  t h e  c o u n t r y :  m i n o r  s o i l  

Compos i t i on  o f  Mapping U n i t s :  

1) N a m e  o f  t h e  s o i l  series: Eoulma 

C l a s s i f i c a t i o n :  s a n d y  mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  

B r i e f  D e s c r i p t i o n :  t h i c k  so i l ,  o v e r  200 c m .  o f  p a l e  
brown or  brown s a n d ,  e s s e n t i a l l y  n o  s t r u c t u r e  o f  
c h a r a c t e r .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

Geomorphic  p o s i t i o n :  a l l u v i a l  p l a i n s ,  a l l u v i a l  
terraces.  

P a r e n t  Material: a l l u v i u m  

S l o p e :  0-353 

Dominant u s e s :  i r r i g a t e d  a g r i c u l t u r e  afid r a n g e l a n d .  

Minor  i n c l u s i o n s :  15% w a t e r w a y s ,  20% o f  t h e  area i s  
c o v e r e d  w i t h  d u n e s  u p  t o  30 c m .  h i g h .  



Symbol: E o  3 4  

Name o f  p r i n c i p a l  s o i l :  Eoulma 

L o c a t i o n  a n d  d i s t r i b u t i o n :  on  t h e  c o a s t a l  p l a i n s  n e a r  major  s t r e a m s .  

C l i m a t e :  hot  a n d  humid 

Predominance  i n  t h e  w a t e r s h e d :  l i m i t e d  e x t e n t  

Compos i t i on  o f  Mapping U n i t :  

1) Name o f  t h e  s o i l  series:  Eoulma 

C l a s s i f i c a t i o n :  s a n d y ,  mixed h y p e r t h e r m i c ,  T y p i c  T o r r i o r t h e n t  

B r i e f  d e s c r i p t i o n :  t h i c k  s o i l ,  o v e r  200 c m . ,  brown or p a l e  
brown s a n d  w i t h  e s s e n t i a l l y  n o  s t r u c t u r e  o r  c h a r a c t e r .  May Fave  
t h i n  s a n d y  c l a y  loam o v e r b u r d e n .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

Geomorphic  p o s i t i o n :  a l l u v i a l  t e r r a c e s  a l o n g  m a j o r  s t r e a m s .  

P a r e n t  m a t e r i a l :  a l l u v i u m  

S l o p e :  0-3% 

Dominant u s e s :  i r r i g a t e d  a g r i c u l t u r e  a n d  r a n g e  l a n d .  

Minor  i n c l u s i o n s :  5-15% s a n d  d u n e s  o f  20-200 c m .  h i g h ;  15'~ 
wa te rways .  



Symbol Gu 1 6  

Name of p r i n c i p a l  s o i l :  G u i s t i r  

L o c a t i o n  and d i s t r i b u t i o n :  i n  t h e  e a s t e r n  t w o - t h i r d s  o f  t h e  a r e a .  

C l i m a t e :  h o t  and humid 

Predominance i n  t h e  w a t e r s h e d :  m o d e r a t e l y  e x t e n s i v e  

Composi t ion  o f  Mapping U n i t :  

1) N a m e  o f  s o i l  series: G u i s t i r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  Camorthid 

B r i e f  d e s c r i p t i o n :  t h i c k ,  o v e r  120  cm, d a r k  brown t o  r e d d i s h  
brown c l a y  loam w i t h  s u b a n g u l a r  b l o c k y  s t r u c t u r e ,  below 30 c m ,  it 
h a s  CaC03 and  CaS04 d e p o s i t i o n .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  60% 

Geomorphic p o s i t i o n :  l a v a  p l a t e a u  

P a r e n t  m a t e r i a l :  e o l i a n  o r  mar ine  s e d i m e n t s  

S l o p e :  0-3% 

Dominant u s e s :  r a n g e l a n d  

Minor i n c l u s i o n s :  10% d r a i n a g e  ways, 10% rock  o u t c r o p ,  10% minor  
amounts  of Ar raha  Ommane. 



Symbol Gu 3 5  

Name o f  p r i n c i p a l  so i l :  G u i s t i r  

L o c a t i o n  a n d  d i s t r i b u t i o n :  t h r o u g h o u t  t h e  e a s t e r n  t w o - t h i r d s  o f  t h e  
a r e a .  

C l i m a t e :  h o t  a n d  humid,  

P r e d o m i n a n c e  i n  t h e  w a t e r s h e d :  m a j o r  s o i l  a r e a  

C o m p o s i t i o n  o f  Mapping U n i t :  

1 )  Name o f  t h e  s o i l  ser ies:  G u i s t i r  

C l a s s i f i c a t i o n :  f i n e  loamy,  m i x e d  h y p e r t h e r m i c ,  T y p i c  C a m o r t h i d .  

B r i e f  d e s c r i p t i o n :  t h i c k  o v e r  1 2 0  c m ,  d a r k  brown t o  r e d d i s h  
brown c l a y  loam w i t h  s u b a n g u l a r  b l o c k y  s t r u c t u r e  below 30 c m ,  it 
h a s  CaC03 a n d  CaS04 d e p o s i t i o n .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  45% 

Geomorph ic  p o s i t i o n :  l a v a  p l a t e a u  

P a r e n t  m a t e r i a l :  e o l i a n  o r  m a r i n e  s e d i m e n t  

S l o p e :  1-5g 

Dominant  u s e s :  r a n g e  

Minor  i n c l u s i o n s :  15% J a b a n  E a s  s o i l  10% r o c k  o u t c r o p ,  15% 
w a t e r w a y s ,  1 0 %  A f n a b a  Daba. 



Symbol: GB 1 2  

Name o f  p r i n c i p a l  s o i l :  Grand Ba ra  

L o c a t i o n  a n d  d i s t r i b u t i o n :  moun ta inous  a r e a s  t h r o u g h o u t  t h e  c o u n t r y  
o n  l a r g e  p l a y a s ,  w e l l  d i s t r i b u t e d .  

C l i m a t e :  h o t  a n d  d r y  w i t h  local  d u s t  t w i r l s  d u r i n g  t h e  d a y  and  r a p i d  
c o l l i n g  a t  n i g h t .  

P r edominance  i n  t h e  c o u n t r y :  m o d e r a t e  e x t e n t .  

C o m p o s i t i o n  o f  Mapping U n i t :  

1) Name o f  t h e  s o i l  series: Grand B a r a  

C l a s s i f i c a t i n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  T y p i c  
Cambor th id .  

B r i e f  d e s c r i p t i o n :  t h i c k  s o i l ,  o v e r  1 5 0  c m  t h i c k ,  brown or 
d a r k  brown, c l a y  o r  sandy  c l a y  loam w i t h  a  B  h o r i z o n  w i t h  
some f e r r o m a n g a n e s e  and  gypsum c r y s t a l s  b e l o w  7 5  c m .  

P e r c e n t a g e  o f  t h e  mapping u n i t :  80-903 

Geomorphic  p o s i t i o n :  p l a y a  b a s i n  

P a r e n t  Material: l a c u s t r i n e  s e d i m e n t s  

S l o p e :  0-13 

Dominant  u s e s :  water c a t c h m e n t  

Minor  i n c l u s i o n s :  some g u l l i e s ,  s m a l l  i n c l u s i o n s  o f  Aada 
s o i l .  



Symbol J A  16 

Name of  p r i n c i p a l  s o i l :  J aban  Eas -Guis t i r  

L o c a t i o n  and d i s t r i b u t i o n :  p r i n c i p a l l y  on t h e  c o a s t a l  p l a i n s  i n  t h e  
s o u t h e r n  p a r t  of  t h e  c o u n t r y .  

Cl imate :  humid, h o t  c l i m a t e .  

Predominance i n  t h e  coun t ry :  moderate e x t e n t .  

Composit ion o f  Mapping Uni t :  

1) Name of  t h e  s o i l  s e r i e s :  Jaban  Eas 

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  Typ ic  
C a l c i o r t h i d .  

B r i e f  d e s c r i p t i o n :  t h i c k ,  o v e r  150 cm., r e d  o r  y e l l o w i s h  r e d  
c l a y  w i t h  a  B h o r i z o n ,  accumula t ions  of ca lc ium s u l f a t e  w i t h  
accumula t ions  of  sodium c a r b o n a t e .  

P e r c e n t a g e  of t h e  mapping u n i t :  35% a t  25-50 cm. 

Geomorphic p o s i t i o n :  l a v a  f lows  on t h e  c o a s t a l  p l a i n .  

P a r e n t  M a t e r i a l :  e o l i a n  mant le .  

S lope :  2-4% some a r e a s  up t o  8%. 

Dominant uses :  range.  

Name o f  t h e  s o i l  s e r i e s :  G u i s t i r  

C l a s s i f i c a t i o n :  f i n e  loamy, mixed h y p e r t h e r m i c ,  Typic  
Camborthid. 

B r i e f  d e s c r i p t i o n :  t h i c k  over  150 cm. t h i c k  of  reddish-brown 
o r  dark r edd i sh  brown c l a y  or sandy c l a y  loam w i t h  a  B 
h o r i z o n ,  a  gypsum calc ium c a r b o n a t e  below 75 cm. 

P e r c e n t a g e  i n  t h e  mapping u n i t :  25% 

Geomorphic p o s i t i o n :  l a v a  flow on t h e  c o a s t a l  p l a i n .  

P a r e n t  M a t e r i a l :  e o l i a n  mant le .  

S lope :  2-4% 

Dominant u s e s :  range  

Minor i n c l u s i o n s :  20% o f  a r e a s  of 5-8% s l o p e s  and a r e a s  a l s o  
15% w a t e r  channe l s .  



Symbol: Ou 9 

Name o f  p r i n c i p a l  s o i l :  Oueah-Degamankal 

L o c a t i o n  and  D i s t r i b u t i o n :  d i s t r i b u t e d  t h r o u g h o u t  t h e  c o u n t r y  i n  t h e  
moun ta inous  r e g i o n .  

C l i m a t e :  warm t o  h o t  d r y  a r e a s .  

Predominance  i n  t h e  c o u n t r y :  m o d e r a t e  e x t e n t .  

C o m p o s i t i o n  of  Mapping U n i t :  

1) N a m e  o f  t he  s o i l  series: Oueah 

C l a s s i f i c a t i o n :  loamy s k e l e t a l ,  mixed h y p e r t h e r m i c ,  T y p i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  medium d e e p  s o i l ,  g r a y i s h  brown and 
brown, v e r y  g r a v e l l y  sandy  loam. 

P e r c e n t a g e  o f  t h e  mapping u n i t :  45% 

Geomorphic  p o s i t i o n :  s t e e p  moun ta in  s l o p e s .  

P a r e n t  M a t e r i a l :  c o l l u v i u m  a n d  T a l u s .  

S l o p e :  25-408 

Dominant u s e s :  w a t e r s h e d .  

Name o f  s o i l  series: Degamankal 

C l a s s i f i c a t i o n :  s a n d y ,  mixed h y p e r t h e r m i c ,  L i t h i c  
T o r r i o r t h e n t .  

B r i e f  d e s c r i p t i o n :  t h i n  s o i l  less t h a n  2 5  c m .  t h i c k ,  d a r k  
y e l l o w i s h  brawn, v e r y  g r a v e l l y  s andy  loam w i t h  some c a l c i u m  
c a r b o n a t e  c o a t i n g s  on  t h e  g r a v e l .  

P e r c e n t a g e  of t h e  mapping u n i t :  35% 

Geomorphic  p o s i t i o n :  u p p e r  mounta in  s l o p e s .  

P a r e n t  M a t e r i a l :  Col luv ium.  

S l o p e :  8-25% 

Dominant u s e s :  w a t e r s h e d .  

Minor i n c l u s i o n s :  10% T a l u s ,  20% r o c k  o u t c r o p .  

BESTAVAILABLE COPY 



Symbol:  1 9  

Name o f  the U n i t :  Wadi C h a n n e l  

L o c a t i o n  a n d  d i s t r i b u t i o n :  t h r o u g h o u t  t he  e n t i r e  c o u n t r y .  

C l i m a t e :  o f t e n  ho t  a n d  dry 

P r e d o m i n a n c e  i n  t h e  c o u n t r y :  l i m i t e d  e x t e n t .  

1 )  P r e c e n t a g e  o f  the  m a p p i n g  u n i t :  70-75% 

G e o m o r p h i c  p o s i t i o n :  Wadi C h a n n e l  

P a r e n t  M a t e r i a l :  S t r e a m  s e d i m e n t  

S l o p e :  1 - 3 8  

D o m i n a n t  u s e s :  w a t e r  s t o r a g e  

M i n o r  i n c l u s i o n s :  1 0 %  of D i d  j a n  D e r  s o i l ,  1 0 %  o f  Eoulma 
s o i l .  



Symbol: 2 0  

Name of t h e  U n i t :  Beach 

Loca t ion  and d i s t r i b u t i o n :  a l o n g  t h e  c o a s t a l  r e q i o n .  

C l imate :  h o t  and humid. 

Predominance i n  t h e  coun t ry :  l i m i t e d  e x t e n t .  

B r i e f  d e s c r i p t i o n :  sand  

Geomorphic pos it ion:  beach 

P a r e n t  M a t e r i a l :  sand 

Dominant uses :  r e c r e a t i o n  



Symbol: 30 

Name o f  m i s c e l l a n e o u s  l a n d  t y p e :  V o l c a n i c  cone  

L o c a t i o n  and  d i s t r i b u t i o n :  t h r o u g h o u t  t h e  a r e a  

C 1 ima t e : h o t  and  humid 

Predominance  i n  t h e  w a t e r s h e d :  v e r y  l i m i t e d  

M i s c e l l a n e o u s  l a n d  t y p e :  V o l c a n i c  c o n e  

P e r c e n t a g e  o f  t h e  mapping u n i t :  1 0 0 %  

Geomorphic  p o s i t i o n :  v o l c a n i c  c o n e  

P a r e n t  m a t e r i a l :  v o l c a n i c  a s h  a n d  r u b b l e  

S l o p e :  5-208 

Dominant u s e s :  w a t e r s h e d  a n d  r a n g e  

Minor i n c l u s i o n s :  u p  t o  1 5 %  H o l l - H o l l  



4.0 INTERPRETATION 

What follows i s  a l i s t  of t h e  s o i l s  s e r i e s  i n  t h e  Dey Dey 
as te r shed  and a key t o  the  s o i l s  i n t e rp re t a t i on  a s  well  as t he  
nterpr e t a t i ons  themselves. F inal ly  i t  contains an example of 
he ac tua l  s o i l s  map ( s c a l e  1:100,000) which was developed. 

4.1 LIST OF THE SOIL SERIES IN THE DEY DEY WATERSHED 

Afnaba Daba 

Arrah Ommane 

A t  ar 

Balambal 

Daba Eabdalle 

Daga Dere 

Damerkaddae 

Didjan Dere 

Dita 

Eoulma 

Gran Bara 

Guis t i r  

Holl-Holl 

Jaban Eas 

Oueah 



4 .2  Key -- t o  S o i l  I n t e r p e r t a t i o n s  Symbols 

Land C a p a b i l i t y  C l a s s i f i c a t i o n  

The S o i l s  a r e  d i v i d e d  i n t o  8 ( I - V I I I )  c a t e g o r i e s  
depending on t h e  i n t e n s i t y  of  l a n d  u s e  ( s e e  Buchman and ~ r a n d y )  from 
w e l l  t i l l e d  row c r o p s  t o  wa te r shed  and w i l d l i f e  h a b i t a t .  For  a l l  
c a t e g o r i e s ,  e x c e p t  I ,  t h e r e  i s  a  l i m i t a t i o n  t o  t h e  u s e  of  t h a t  s o i l  
f o r  a g r i c u l t u r e .  A l l  o f  D j i b o u t i  i s  t o o  a r i d  f o r  c l a s s  I l a n d  because  
t h e s e  s o i l s  r e q u i r e  i r r i g a t i o n  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  
T h e r e f o r e ,  t h e  a r i d  l i m i t a t i o n  i s  assumed f o r  a l l  s o i l s  o f  t h e  
c o u n t r y .  The f o l l o w i n g  l i s t  o f  l e t t e r s  which f o l l o w  t h e  Roman 
Numerals of  t h i s  c l a s s i f i c a t i o n  sys tem i n d i c a t e  t h e  i m p o r t a n t  s p e c i f i c  
r e s t r a i n t :  

w = a v a i l a b l e  w a t e r  c a p a c i t y  
r = r o o t i n g  zone  d e p t h  i n  less t h a n  o n e  meter  
s = s l o p e  i s  g r e a t e r  t h a n  5 p e r c e n t  
d  = d r a i n a g e  f o r  l e a c h i n g  s a l t s  
c - s u s c e p t i b i l i t y  t o  w a t e r  over f low 
a  - a l k a l i n i t y  
g  - s t o n i n e s s  
v  = wind e r o s i o n  and blowing 
e  = e r o s i o n  s u s c e p t i b i l i t y  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n  

The code f o r  i r r i g a t i o n  s u i t a b i l i t y  i s  t h e  same 
f o r  a l l  8 ( I  th rough  v I I I )  c a t e g o r i e s  o f  t h e  l a n d  c a p a b i l i t y  
c l a s s i f i c a t i o n  w i t h o u t  t h e  a r i d i t y  l i m i t a t i o n  a s  a  c o n s t r a i n t .  T h e  
same symbols of l i m i t a t i o n  a r e  i n d i c a t e d  a s  t h e y  a f f e c t  i r r i g a t i o n  
a g r i c u l t u r e .  T h e r e f o r e ,  i r r i g a t i o n  i s  assumed f o r  a l l  t h e s e  s o i l s  and 
no a d d i t i o n a l  symbol i s  used .  

I n t e r n a l  Dra inage  C l a s s i f i c a t i o n  

Here t h e  l a n d  c a p a b i l i t y  c a t e g o r i e s  a r e :  

I no l i m i t s  t o  i n t e r n a l  d r a i n a g e  p r a c t i c e s  
I1 modera te  l i m i t s  

I11 s e v e r e  l i m i t s  

T h e  l i m i t s  c o n s i d e r e d  t o  a f f e c t  i n t e r n a l  d r a i n a g e  a r e :  

t = p e r m e a b i l i t y ,  t e x t u r e  and s t r u c t u r e  
r = d e p t h  t o  bedrock 
w = d e p t h  t o  t h e  w a t e r  t a b l e  
i = s t e e p n e s s  of  s l o p e  
b = d i t c h  bank s t a b i l i t y  
c = f l o o d i n g  o r  ponding 
a = s a l i n i t y  o r  a l k a l i n i t y  
s = a v a i l a b l e  o u t l e t s  



Terraces and Diversions S u i t b i l i t y  C la s s i f i c a t i ons  

The ca tegor ies  here are: 

I no l i m i t s  t o  bui lding t e r r a c e s  
I1 m d e r a t e  l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determining t h e  s u i t a b i l i t y  f o r  t e r r ace s  
are :  

p = slope,  steepness and length 
r = depth t o  bed rock 
f = s tones  and outcrops 
w = wind hazard 
t = t ex tu r e  and permeabili ty 
c = channel s i l t a t i o n  
s = o u t l e t  a v a i l a b i l i t y  
e = flooding hazard 

Embankments S u i t a b i l i t y  Class i f i ca t ion  

The major categories  are:  

I no l i m i t s  t o  construct  embankments 
I1 moderate l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determing s u i t a b i l i t y  are:  

r = depth of t h e  s o i l  
t = s o i l  t ex tu re  
e = S o i l  e rodab i l i ty  
p = percent and length of s lope  
g = presence of gypsum o r  s a l t  
c = s tones  

Pond Reservoir S u i t a b i l i t y  C la s s i f i c a t i on  

The major ca tegor ies  are:  

I no l i m i t s  t o  pond construct ion 
I1 moderate l i m i t s  

I11 severe l i m i t s  

The f ac to r s  determing s u i t a b i l i t y  are:  

t = permeabili ty 
w = depth t o  t h e  water t a b l e  
r = depth t o  bedrock, l e s s  than 2 meters 
p = s lope  
e = flooding hazard 



Rangeland C l a s s i f i c a t i o n ,  Estimated Product ion 

I good produc t ion  of 200-500 K p e r  Ha 
I1 l i m i t e d  produc t ion  of 50-200 K p e r  Ha 

I11 non-usable product ion 0-50 K p e r  Ha 



4.3 INTERPRETATIONS 

AFNABA DABA 

L o c a t i o n :  289.7 E 
1391 .0  N 

0-10+ c m :  C h o r i z o n ;  7 .5  YR 5 / 4  brown ( d r y ) ,  7 . 5  YR 3 / 4  d a r k  brown 
( m o i s t )  ; v e r y  g r a v e l l y  s andy  loam; s t r u c t u r e :  none ;  
l o o s e ,  v e r y  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  10% c o b b l e s  a n d  90% g r a v e l  

I n c l u s i o n s :  50% r o c k  o u t c r o p  

S l o p e :  18% 

P o s i t i o n :  t a l u s  slope 

P a r e n t  M a t e r i a l :  me tamorph i sed  r h y o l i t e  

V e g e t a t i o n :  b a r r e n  

C l a s s i f i c a t i o n :  loamy s k e l e t e l  ( s h a l l o w )  mixed h y p e r t h e r m i c  
T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  Is 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 2% b u s h  

I n t e r n a l  d r a i n a g e :  I I I i  

T e r r a c e s  a n d  d i v e r s i o n s :  I11 p ; r  

Embankments, d i k e s  a n d  l e v e e s :  1 I I r ; p  

Pond r e s e r v o i r :  I11 r ; p  



L o c a t i o n :  272.4 E 
1256.3 N 

0-5 cm: A h o r i z o n ;  10 YR 4 /3  b r m n  ( d r y ) ,  10  YR 3 /4  d a r k  y e l l o w i s h  
brown ( m o i s t )  g r a v e l l y  sand;  weak medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t :  20 t o  25% 2  t o  20 rnm g r a v e l ;  few f i n e  f i b r o u s  
r o o t s ;  CaC03 c o a t i n g s  on s t o n e s :  c l e a r  and i r r e g u l a r  
boundary ; 

5-30 c m :  B h o r i z o n ;  7.5 YR 3 / 4  da rk  brown ( d r y ) ,  7.5 YR 3 /2  d a r k  
brown ( m o i s t ) ;  ve ry  g r a v e l l y  loam: s t r u c t u r e l e s s :  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t :  t h i c k  
CaC03 c o a t i n g s  on r o c k s  and g r a v e l ;  60% s t o n e s  c o b b l e s  and 
g r a v e l ;  common medium woody r o o t s :  a b r u p t  i r r e g u l a r  
boundary ; 

30+ c m :  R u n f r a c t u r e d  rock .  

S u r f a c e :  90% g r a v e l  and s t o n e s  

I n c l u s i o n s :  5  t o  10% o u t c r o p ,  10-20% t h i c k e r  s o i l  at. f o o t s l o p e s ,  10% 
wadi c h a n n e l s .  

S lope:  13% (10-20%) 

P o s i t i o n :  s i d e  s l o p e  

P a r e n t  M a t e r i a l :  r h y o l i t e  co l luvium or  r h y o l i t e  mountain 

V e g e t a t i o n :  5% g r a s s  3 t o  6 cm, 5% h e r b s  10 t o  30 c m ,  and 2 t o  3% 1 m 
a c a c i a  

Eros ion :  s e v e r e  w a t e r  
0 

Temperature:  26.6 C 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  Camborthid 

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V s ; g  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  None 



ATAR 

L o c a t i o n :  301 .6  E 
1274 .3  N 

A . D .  / J . G . / F . o .  

0-1U cm: A h o r i z o n ;  brown 7 . 5  YR 5 / 4  ( d r y ) ,  d a r k  brown 7 . 5  YR 3 / 4  
( w e t ) ;  s a n d y  loam; s t r u c t u r e l e s s ;  l o o s e ;  ( d r y ) ;  pH=7.5-8; 
wind  d e p o s i t e d  s a n d ,  n o  r e l a t i o n s h i p  w i t h  t h e  s u b - s o i l ;  
a b r u p t  c o n t a c t .  

10-110 c m :  B h o r i z o n ;  s t r o n g  b r w n  7 . 5  YR 4 /6  ( d r y ) ,  and d a r k  brown 
7 .5  YR 3 / 4  ( w e t ) ;  s i l t  loam; m o d e r a t e  l a r g e  a n g u l a r  
b l o c k y  b r e a k i n g  t o  m o d e r a t e  medium and f i n e  a n g u l a r  
b l o c k y  s t r u c t u r e ;  f i r m  ( d r y )  and  f r i a b l e  ( m o i s t ) ;  50% o f  
5-25 mm 1 0  YR 8/1 c a r b o n a t e s ;  many p r e s s u r e  f a c e s  ( s a n d  
o n  f a c e s  o f  l a r g e  f i n e  v e r t i c a l  c r a c k s ;  few f i n e  a n d  
medium r o o t s ;  pH=8.5; g r a d u a l  a n d  smooth boundary ;  

110-130+ c m :  s t r o n g  brown 7 .5  YR 4 / 6  ( d r y ) ,  d a r k  brown 7 . 5  YF 3 / 4  
( w e t ) ;  s i l t  loam t e x t u r e ;  weak medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e :  5% o f  5  t o  10 mm CaC03, pH=8.5. 

I n c l u s i o n s :  Few 20  c m  s a n d  d u n e s  

S l o p e :  f l a t  a r e a ;  n e a r  t h e  s e a ;  

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  ( 9 0 %  a c a c i a  and  10% k u l a n )  

Comment: 1 km NE o f  Damerjog a t  t h e  j u n c t i o n  o f  t h e  r o a d s  t o  
Loyada and  i r r i g a t i o n  w a t e r  l i n e  t o  A t A R .  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I11 b  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  I1 d ; c ; v  

Range: I 20% b u s h  

I n t e r n a l  D r a i n a g e :  I1 t 

T e r r a c e s  and  D i v e r s i o n s :  I1 p  

Embankments, d i k e s  and  l e v e e s ;  I1 p ; g  

Pond r e s e r v o i r :  I1 t ; w  



BALAMBAL 

L o c a t i o n :  251 E 
1260 N 

-15-0 cm:  v o l c a n i c  bombs o f  5  t o  30 cm c o v e r i n g  75% o f  t h e  a r e a .  

0-2 c m :  A h o r i z o n ;  5  YR 4 /6  y e l l o w i s h  r e d  ( d r y ) ,  5 YR 3 / 4  d a r k  
r e d d i s h  brown ( w e t ) ;  s t o n y  c l a y  loam; m o d e r a t e  medium a n d  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f r i a b l e  ( d r y  and  
mois t ) ;  common p o r e s  (1-2 m m ) ;  t h i n  d i s c o n t i n u o u s  CaC03 
l a y e r  on  r o c k s  below t h e  s o i l  s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ,  f i n e  d i s s e m i n a t e d  CaC03 ; pH 7 . 5  ; a b r u p t  
boundary  ; 

2-35 cm: B h o r i z o n ;  5YR 4 /6  y e l l o w i s h  r e d  ( d r y ) ,  5YP. 3 / 4  d a r k  
r e d d i s h  b r w n  ( w e t ) ;  s t o n y  c l a y  loam; f i r m ,  f r i a b l e ,  
n o n s t i c k y ;  medium and  l a r g e  s t r o n g  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  s t r o n g l y  e f f e r v e s c e n t ,  f i n e l y  d i s s e m i n a t e d  
CaCO3; pH 7 . 5 ;  few c o a r s e  woody t rees  r o o t s ;  c l ea r  and 
wavy bounda ry ;  

35-45+ cm: Cca h o r i z o n ;  many c o n t i n u o u s  w h i t e  CaC03 c o a t i n g s  on 
g r a v e l  uncemented;  l o o s e .  

S l o p e :  S l o p e  o f  2  t o  38 

P o s i t i o n :  on  a p l a t e a u ,  f l a t  t o p  

V e g e t a t i o n :  2 t o  3% c o v e r ;  " b i l c i n , "  " I b a t e y s "  

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  r ; g  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  n o n e  

Range: I11 5% b u s h  

I n t e r n a l  Dra inage :  I11 r 

Terraces and  D i v e r s i o n s :  I11 r ; f  

Embankments, d i k e s  and  l e v e e s ;  I11 r ; c  

Pond r e s e r v o i r :  I11 r 



DABA EARDALLE 

L o c a t i o n :  220.3 E 
1220 .6  N 

0-14 c m :  A l l  h o r i z o n :  5YR 413 reddish-brown ( d r y ) ,  5YR 313 d a r k  
reddish-brown ( m o i s t ) :  s i l t  loam: m o d e r a t e  medium t o  f i n e  
a n g u l a r  b l o c k y  s t r u c t u r e s ;  f i r m ,  f r i a b l e  n o n s t i c k y ;  many 
f i n e  f u n g u s  t r a c e s ;  many f i n e  p o r e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  clear and  i r r e g u l a r  bounda ry ;  

14-34 cm: A12 h o r i z o n ;  5YR 313 d a r k  reddish-brown ( d r y  and  m i s t ) ;  
s i l t  loam; m o d e r a t e  coarse tomedium s u b a n g u l a r  b l o d k y  
s t r u c t u r e ;  f i r m  f r i a b l e ,  n o n s t i c k y ;  many f i n e  f u n g u s  
t races;  many f i n e  f i b r o u s  r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  
c lear  a n d  i r r e g u l a r  boundary ;  

34-40 cm: B h o r i z o n ;  5YR 314  d a r k  reddish-brown ( m o i s t ) ,  s i l t y  c l a y  
loam; m o d e r a t e  c o a r s e  t o  medium s u b a n g u l a r  b l o c k y  
s t r u c t u r e :  f i r m ,  f r i a b l e  s l i g h t l y  s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  commn f i n e  f i b r o u s  roots: c l e a r  a n d  
i r r e g u l a r  boundary :  

40-b2 cm: C c a  h o r i z o n :  5YR 416 y e l l o w i s h - r e d  ( d r y ) ,  5YR 314  d a r k  
reddish-brown (mois t ) ;  g r a v e l l y  s i l t  c l a y  loam; 
s t r u c t u r e :  none ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  35% g r a v e l ;  t h i n  CaC03 c o a t i n g  on 
a l l  f a c e s  o f  the  g r a v e l :  a b r u p t  and  smooth bounda ry ;  

62-70+ c m :  R h o r i z o n ;  s o l i d  l a v a ,  b a s a l t i c  r o c k .  

S u r f  a c e :  On t h e  s u r f a c e  90% c o b b l e s  and  b o u l d e r s  o f  v o l c a n i c  
bombs. 

P a r e n t  Material: Lava f l ow  p l a t e a u  w i t h  1-8% l o n g  s l o p e s  l o e s s  
c o v e r e d .  

V e g e t a t i o n :  V e g e t a t i o n  c o v e r  o f  15% ( b i l c i n ,  Aousdameir ,  k u l a n  1 t o  
1 . 5  m h i g h  and  d a c a r ) .  

Tempera tu re :  M o d e r a t e l y  c o o l .  

Comment : E x t e n s i v e  s o i l  

C l a s s i f i c a t i o n :  loamny mixed h y p e r t h e r m i c  A r i d i c  C a l c i u s t o l l  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  g  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  None g ; d  
I 



DABA EABDALLE 

( c o n t i n u e d )  

Range: 5% b u s h ;  10% g r a s s e s  and  h e r b s ;  4 0 0 ~ / ~ a  

I n t e r n a l  d r a i n a g e ;  I11 r 

T e r r a c e s  and  d i v e r s i o n s :  I11 r ; p ; f  

Embankments, d i k e s  a n d  l e v e e s :  I11 r ; t  

Pond r e s e r v o i r :  I11 t ; r  



DAGAH DERE 

A.D.  / J . G . / F . o .  

L o c a t i o n :  267 .1  E 
1240.1  N 

-2 t o  0:  F i n e  g r a v e l l y  d e s e r t  pavement.  

0-25 c m :  A h o r i z o n ;  l O Y R  514 ye l lowish-brown ( d r y ) ;  l O Y R  413 brown 
(moist); commn f i n e  f i b r o u s  r o o t s ;  f i n e  weak a r a n u l a r  
s t r u c t u r e ;  0-1.5 mm l e a c h e d  o f  CaC03; ve ry  q r a v c e l l y  
sandy loam; l o o s e ,  f r i a b l e ;  f i n e  d i s s e m i n a t e d  and 1-2 m m  
CaC03; s t r o n g l y  e f f e r v e s c e n t ;  65% 2-10 mm g r a v e l  from 
f r a c t u r e d  r o c k ;  i r r e g u l a r  and  d i f f u s e d  boundary ;  

15-40+ c m :  Rhor izon;  1C-40 mm f r a c t u r e d  r o c k ;  s t r o n g l y  e f f e r v e s c e n t ;  
2-5 mm CaC03; 

I n c l u s i o n s :  10-15% r o c k  o u t c r o p  

S l o p e :  S l o p e  o f  8-15% a n d  s t r o n g l y  r o l l i n g  s l o p e .  

V e g e t a t i o n :  2-5% v e g e t a t i o n  c o v e r  o f  Aurdawad and Aousdamer 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  
T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  r ; s ; g ;  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  none 

Range: I1 5% bush:  5% g r a s s  

I n t e r n a l  Dra inage :  I11 r ; i  

T e r r a c e s  and D i v e r s i o n s :  I11 p : r ; f :  

Embankments, d i k e s  and l e v e e s :  I11 r ; t ; p  

Pond R e s e r v o i r :  I11 t : r ; p  



DAME RKADDAE 

L o c a t i o n :  247.3 E 
1234 .0  N 

0-15 c m :  A 1  h o r i z o n ;  l O Y R  5 / 4  ye l lowish-brown ( d r y ) ;  l O Y R  5 / 6  
ye l l owi sh -b rown  ( m o i s t ) ;  v e r y  g r a v e l l y  s a n d ;  weak medium 
t o  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ;  l o o s e ,  50% 
g r a v e l s ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  1-4 mm 
i n d u r a t e d  CaC03; i r r e g u l a r  d i f f u s e d  bounda ry ;  

15-55 c m :  C l l c a  h o r i z o n ;  7.5YR 5 /6  s t r o n g  brown ( d r y ) ,  7.5YR 414 
brown ( m o i s t ) ;  v e r y  g r a v e l l y  s a n d ;  50% f r a c t u r e d  p e b b l e s  
a n d  c o b b l e s ;  weak f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ;  loose, 
l o o s e ;  many 1-10 mm i n d u r a t e d  CaC03; s t r o n g l y  
e f f e r v e s c e n t ;  i r r e g u l a r ,  d i f f u s e d  bounda ry ;  

55-140 c m :  C12ca h o r i z o n ;  7.5YR 5 /6  s t r o n g  brown ( d r y ) ,  7.5YR 4 / 4  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  s a n d y  l o a m ;  50% f r a c t u r e d  
p e b b l e s  a n d  c o b b l e s  s t r u c t u r e l e s s ;  loose, loose: common 1 
t o  5 mm i n d u r a t e d  CaC03; s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  
d i f f u s e d  bounda ry ;  

I n c l u s i o n s :  T h i s  s o i l  r e p r e s e n t s  40% o f  t h e  area; 35% o f  t h e  area 
c o n s i s t s  o f  a loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  
T o r r i o r t h e n t ,  258 r o c k  o u t c r o p .  

S l o p e :  40 t o  70% s l o p e ;  

P a r e n t  M a t e r i a l :  R h y o l t h i c  r o c k s  m o d e r a t e l y  f r a c t u r e d  

V e g e t a t i o n :  S p a r s e  v e g e t a t i o n  (compobogon) , " g a l a n ,  gubac ,  b i l c i n ,  
i b a t e y s .  " 

Commen t : L o c a t i o n  a t  247.3 E 500 mmon t h e  r o a d  t o  p o s t  c o n t r o l  
1 2 3 4 . 0  N a t  A l i - S a b l e h ;  w e s t  o f  t h e  r o a d ;  

C l a s s i f i c a t i o n :  Sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  w ; r ; g ; e  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  none  

Range: I1 5% b r u s h :  1 5 0 ~ / ~ a  



DAME RKADDAE 

( c o n t i n u e d )  

I n t e r n a l  Dra inage:  I11 r ; i ; b :  

T e r r a c e s  and D i v e r s i o n s :  I11 p ; r ; f  ; t  

Embankments, d i k e s  and l e v e e s :  I11 r ; t ; p ; c  

Pond R e s e r v o i r :  I11 t ; r : p  



D I D J A N  DER 

Loca t ion :  258.8E 
1265.2 N 

0-15 cm: A h o r i z o n ;  7.5YR 5 / 4  brown ( d r y ) ,  7.5YR 3 / 4  da rk  brown 
(moist); very  g r a v e l l y  sandy c l a y  loam; weak medium 
s u b a n g u l a r  b locky s t r u c t u r e ;  l o o s e ,  f r i a b l e  n o n s t i c k y ;  
few f i n e  r o o t s ;  65% o f  2  t o  4  mm g r a v e l s ;  modera te ly  
e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  boundary;  

15-85 c m :  Cca h o r i z o n ;  lOYR 8/1 w h i t e  ( d r y )  l O Y R  5 / 3  brown 
( m o i s t ) ;  very  g r a v e l l y  sandy c l a y  loam; s t r u c t u r e l e s s ;  
t h i c k  c o a t i n g  o f  CaC03 on a l l  rock  s u r f a c e s ,  abundant  
f i n e  f r a c t i o n ;  40% g r a v e l s ,  20% c o b b l e s ,  10% s t o n e s ;  
ex t remely  e f f e r v e s c e n t ;  i r r e g u l a r  d i f f u s e d  boundary;  

85-200 c m :  I ICca  h o r i z o n ;  l O Y R  6 / 4  l i g h t  y e l l o w i s h  ( d r y ) ,  l O Y R  6 / 3  
p a l e  brown ( m o i s t ) ;  s t o n y  sandy c l a y  loam; f i r m  f r i a b l e ,  
n o n s t i c k y ;  15% s o f t  powdery 1 t o  5  mm CaC03; i r r e g u l a r  
d i f f u s e d  boundary; 

200-350 c m :  I I I C c a  h o r i z o n ;  boundery a l luv ium;  

S u r f a c e :  Between 40-80% g r a v e l  and a b o u t  30% c o b b l e s  and s t o n e s .  

S lope :  0-38 d i s s e c t e d  ( s l i g h t l y )  

V e g e t a t i o n :  About 20% v e g e t a t i o n  c o v e r  ( b a l a n i t s  a e g y p t i o c a ,  
a c a c i a .  . . ) 

Comment: 100 m wes t  of t h e  road ,  on t h e  wes t  bank o f  t h e  wadi. 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  I V  g  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  I1 g  

Range: 5% bush 

I n t e r n a l  d ra inage :  I 

T e r r a c e s  and D i v e r s i o n s :  I1 f  

Embankments, d i k e s  and l e v e e s :  I1 c 

Pond r e s e r v o i r :  I1 t 



DITA 

L o c a t i o n :  284.4 E 
1369.4  N 

0-8 c m :  A h o r i z o n ;  1 0 ~ ~ / 6 / 3  p a l e  brown ( d r y ) ,  1 0 ~ ~ / 4 / 4  d a r k  
y e l l o w i s h  brown (mo i s t ) ;  g r a v e l l y  loam; s t r u c t u r e -  
less: loose, f r i a b l e ,  n o n s t i c k y ;  s t r o n q l y  
e f f e r v e s c e n t ;  a b r u p t  i r r e g u l a r  boundary .  

8-40+ c m :  Cca h o r i z o n ;  7 . 5 ~ ~ / 6 / 2  p i n k i s h  g r a y  ( d r y ) ,  y.5YR/ 
5 / 4  brown ( m o i s t ) ;  g r a v e l l y  sandy  loam; s o f t  
d i s s e m i n a t e d  CaC03 and  c o n t i n o u s  t h i c k  CaC03 
c o a t i n g s  on  r o c k s ;  s t r u c t u r  eless; l o o s e ,  f r i a b l e ,  
n o n s t i c k y :  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  80% g r a v e l ,  20% c o b b l e s  

I n c l u s i o n s :  1 5 %  waterways ;  10% r o c k  o u t c r o p  

S l o p e :  3% 

P o s i t i o n :  c o l l u v i a l  v a l l e y  ; pediment  

P a r e n t  m a t e r i a l :  r h y o l i t e  co l luv iurn  

V e g e t a t i o n :  b a r r e n  e x c e p t  waterways 

E r o s i o n :  modera t e  s h e e t  e r o s i o n  
0 

Tempera tu re :  31.7 C a t  30cm 

C l a s s i f i c a t i o n :  loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  
Ca l  cior t h i d  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  w ; r ; g  

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  none  

Range: I11 2% bush  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  and d i v e r s i o n s :  iii p ; r ; f ; t  

Embankments, d i k e s  and l e v e e s ;  I11 r ; t : c  

Pond r e s e r v i o r :  I11 t ; r : p  



EOULMA 

L o c a t i o n :  307.1E 
1339 .1  N 

0-20 c m :  I C  h o r i z o n ;  l O Y R  6 / 3  p a l e  brown ( d r y ) ,  l O Y R  3 / 4  d a r k  
ye l lowish-brown ( m o i s t ) ;  sandy c l a y  loam; s t r u c t u r e :  
none;  l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  s t r o n ~ l y  
e f f e r v e s c e n t ;  few f i n e  woody r o o t s ;  c l e a r  smooth 
boundary  ; 

20-40+ cm: I I C  h o r i z o n :  7.5YR 4 / 4  brown ( d r y ) ,  7.5YR 3 / 4  d a r k  brown 
( m o i s t )  ; s a n d ;  s t r u c t u r e :  none;  weakly cemented ,  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  f i n e  
d i s s e m i n a t e d  CaC03 ; 

S u r f  ace :  50% g r a v e l ;  

I n c l u s i o n s :  15% wa te rways  w i t h  20-30 c m  of  e o l i a n  sand  

S  l o p e  : 0-1% 

P o s i t i o n :  O u t e r  edge  o f  a n  a l l u v i a l  f a n  

P a r e n t  M a t e r i a l :  Mixed a l l u v i u m  

V e g e t a t i o n :  20% g r a s s  a n d  woody t u f t  and 5% a c a c i a  i n  t h e  waterways .  
0 

Tempera ture :  6 C 

C l a s s i f i c a t i o n :  Sandy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  VI w;v 

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  I1 c;v 

Range: I 20% g r a s s :  5% bush  

I n t e r n a l  Dra inage :  I 

T e r r a c e s  and  D i v e r s i o n s :  I1 t 

Embankments, d i k e s  and l e v e e s :  I1 t 

Pond r e s e r v o i r :  I11 t 



GRAND BARA 

L o c a t i o n :  240 E 
1246  N 

A l l  0 -0 .5  c m :  P i n k  7 . 5 ~ ~ / 7 / 4  ( d r y ) ;  brown 7 . 5 ~ ~ / 4 / 4  ( m o i s t ) ;  
s i l t y  c l a y  loam; l a m i n a r ;  h a r d  ( d r y ) ;  f r i a b l e  
( m o i s t )  ; s l i c k  ( w e t )  ; m o d e r a t e l y  e f f e r v e s c e n t ;  pH 
7 . 3  ; a b r u p t  bounda ry .  

A120.5-10 c m :  P i n k  7 . 5 ~ ~ / 7 / 4  ( d r y ) ,  brown 7 . 5 ~ ~ / 4 . 4  ( m o i s t ) ;  
c l a y  loam; s t r o n g  medium t o  f i n e  a n g u l a r  b l o c k y  
s t r u c t u r e :  f i r m  ( d r y ) ,  f r i a b l e  ( m o i s t ) ,  s l i g h t l y  
s t i c k y  ( w e t ) ;  m o d e r a t e l y  e f f e r v e s c e n t :  g r a d u a l  
b o u n d a r y ,  

B1 10-30 c m :  Brown 7 . 5 ~ ~ / 5 / 4  ( d r y ,  d a r k  brown 7 . 5 ~ ~ /  3 / 4  
( m o i s t ) ;  c l a y  loam; m o d e r a t e  medium t o  f i n e  
a n g u l a r  b l o c k y  s t r u c t u r e :  f i r m  ( d r y ) ,  f r i a b l e  
( m o i s t )  ; s l i g h t l y  s t i c k y  ( w e t )  ; m o d e r a t e l y  
e f f e r v e s c e n t ;  g r a d u a l  and i r r e g u l a r  b o u n d a r y  

B2 30-70 an: 10YR/6/2 l i g h t  b rown i sh  g r a y  o n  ped f a c e s ;  
7 . 5 ~ ~ / 3 / 4  d a r k  brown ( d r y ) ;  7 . 5 ~ ~ / 3 / 4  d a r k  brown 
( m o i s t ) ;  s a n d y  c l a y  loam; s t r o n g  l a r q e  t o  medium 
a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m  ( d r y ) ,  f r i a b l e  none  
s t i c k y  ( m o i s t ) ;  common f i n e  1 t o  2  mm f a i n t  d a r k  
brown f e r o m a n g a n e s e  c o n c r e t i o n s ;  few f i n e  qypsum 
c r y s t a l s ;  t h i n  a l l u v i a t e d  s i l t y  c o a t i n g  o n  ped 
f a c e s ;  m o d e r a t e l y  e f f e r v e s c e n t .  

S u r f a c e :  A b s o u t e l y  f l a t ,  s u r f a c e  c o v e r e d  w i t h  p o l y h e d r o n s  
( 4 - 1 0  c m ,  1-3 mm w ide  and 2-10 mm d e e p )  

Comment: L o c a t i o n  - 7  km from t h e  eas t  o f  t h e  r o a d  t o  t h e  
west i n  t h e  m i d d l e  o f  Grand Bara 

C l a s s i f i c a t i o n :  f i n e  loamy mixed h y p e r  t h e r m i c  T y p i c  
Cambor th id  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I I  c 

I r r i g a t i o n  s u i t a b i l i t y  c l a s s i f i c a t i o n :  I1 c: v  

Range: b a r r e n  

I n t e r n a l  d r a i n a g e :  I1 s 



GRAND BARA 

c o n t i n u e d  

T e r r a c e s  and d i v e r s i o n s :  I1 p 

Embankments, d i k e s  and l e v e e s :  I1 p 

Pond r e s e r v i o r :  I1 w 



GUISTIR 

L o c a t i o n :  274.3 E 
1220.3  N 

0-15 CM: A 1  h o r i z o n ;  7.5YR 414 d a r k  brown ( d r y ) ,  7.5YR 3 / 4  d a r k  
brown ( m o i s t ) ;  c l a y  loam; weak medium t o  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  n o n s t i c k y ;  20% f i n e  
g r a v e l s ;  common f i n e  r o o t s ;  s t r o n g l y  e f f e r v e s c e n t ;  c l e a r  
and  i r r e g u l a r  boundary ;  

l 5 - 3 ( ~  c m :  B 1  h o r i z o n ;  5YR 414 r e d d i s h  brown ( d r y ) ,  5YR 3 / 4  d a r k  
r e d d i s h  brown (m o i s t ) ;  c l a y  loam: s t r o n q  l a r g e  t o  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y ;  
f i n e  d i s s e m i n a t e d  and  i n d u r a t e d  CaC03 ; s t r o n g l y  
e f f e r v e s c e n t ;  c l e a r  boundary ;  

30-70 c m :  B2 h o r i z o n ;  5YR 4 / 4  r e d d i s h  brown ( d r y ) ,  5YR 314 d a r k  
r e d d i s h  brown (mo i s t ) ;  c l a y  loam; s t r o n g  l a r g e  t o  r ed ium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s m a l l  c r a c k s  o f  1 t o  3  mm from 1 0  cm t o  100  cm 
w i t h  20 c m  s p a c i n g  a n d  common medium p r e s s u r e  f a c e s  and  
common medium d i s c o n t i n u o u s  s l i c k  s i d e s ;  s t r o n a l y  
e f f e r v e s c e n t ;  few rose gypsum of  2 t o  4  mm; c l e a r  
boundary  ; 

70-120 c m :  B3 h o r i z o n :  5YR 4 / 4  r e d d i s h  brown ( d r y )  5YR 3 / 4  d a r k  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; modera t e  l a r q e  t o  
medium a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
n o n s t i c k y ;  many 1 t o  4  rnm rose qypsum; s t r o n a l y  
e f f e r v e s c e n t .  

S u r f a c e :  50% 5 t o  15  c m  g r a v e l  and  cobbles on t h e  s u r f a c e  

I n c l u s i o n s :  E o l i a n  m a n t l e  o v e r  l a v a  'flow; 2 t o  3  m m  t h i c k  l o e s s ;  

S lope :  2% s l o p e  

P o s i t i o n :  L i t t l e  e r o s i o n  and  v e r y  l o n g  s t r a i g h t  s l o p e  

V e g e t a t i o n :  10% c o v e r  o f  sarman 

Comment: 4  Km f rom G u i s t i r  on t h e  r o a d  t o  Ali-Adde stream bank on 
t h e  n o r t h  s i d e  o f  t h e  r o a d .  

C l a s s i f i c a t i o n :  F i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I  a:g 

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  V I  a ; g  



GUISTIR 

( c o n t i n u e d )  

Range: I1 1 0 %  bush :  10% g r a s s  a n d  h e r b s  

I n t e r n a l  d r a i n a g e :  I1 t ; a  

T e r r a c e s  a n d  ~ i v e r s i o n s :  I1 p ; r ;  f 

Embankments, d i k e s  a n d  l e v e e s :  I1 p ; c ; g  

Pond R e s e r v o i r :  I11 w : r  



HOLL-HOLL 

L o c a t i o n :  273.6 E 
1250.7 N 

0-20 c m :  A h o r i z o n ;  l O Y R  5 / 4  y e l l o w i s h  brown ( d r y ) ;  7.5YR 3 / 4  d a r k  
brown ( m o i s t ) ;  v e r y  g r a v e l l y ;  s andy  c l a y  loam: weak f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  loose, f r i a b l e ,  s l i g h t l y  
s t i c k y ;  many f i n e  r o o t s ;  60% 3  t o  10 c m  g r a v e l s ;  1 t o  4  
mm f i n e  powdery d i s s e m i n a t e d  and  i n d u r a t e d  CaC03; medium 
c o a t i n g  o f  CaC03 on  t h e  g r a v e l s  and  t h e  s t o n e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  i r r e g u l a r  and  d i f f u s e d  boundary ;  

20-50 c m :  Cca h o r i z o n ;  l O Y R  5 / 3  brown ( d r y ) ,  l O Y R  3 / 4  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  v e r y  g r a v e l l y  sandy c l a y  loan?; 
weak f i n e  g r a n u l a r  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  80% g r a v e l s ;  s o i l  f i l l i n g  i n t e r s t i c e s ;  cormon 
f i n e  and  a  few c o a r s e  roots; 1 t o  4  mm f i n e  powdery 
d i s s e m i n a t e d  and i n d u r a t e d  CaC03 on a l l  p a r t s  o f  t h e  
r o c k s ;  s t r o n g l y  e f f e r v e s c e n t ;  i r r e g u l a r  and  d i f f u s e d ;  

5U-200+ c m :  I I C a  h o r i z o n ;  l O Y R  5 / 4  y e l l o w i s h  brown ( d r y ) ,  7.5YR 4 / 6  
s t r o n g  brown (mois t ) ;  g r a v e l l y  sandy  c l a y  loam; 30% 
v o l c a n i c  c o l l u v i u m  g r a v e l  p l u s  20% 1 t o  15 mm o f  
i n d u r a t e d  CaC03; f rom 120 c m  t o  t h e  bot tom 10% 1 t o  10 mm 
o f  s o f t  powdery CaC03 r e p r e c i p i t a t e d  from above;  few 
CaC03 c o a t i n g  on t h e  rock f a c e s ;  s t r o n g l y  e f f e r v e s c e n t .  

S u r f a c e :  70% b o u l d e r s  and  c o b b l e s  on t h e  s u r f a c e ;  

I n c l u s i o n s :  Th in  s o i l  o c c u p i e s  35% o f  t h e  a r e a  and  a  t h i n n e r  s o i l  
o c c u p i e s  30% o f  t h e  a r e a ;  

S l o p e :  45 t o  70% s l o p e s  

P a r e n t  M a t e r i a l :  Lava o u t c r o p s  30% 

V e g e t a t i o n :  20% v e g e t a t i o n  c o v e r  on  t h i s  s o i l  and  t h e  o t h e r  s o i l  
a b o u t  less t h a n  5 %  v e g e t a t i o n ;  

Comment: On t h e  s o u t h  s i d e  o f  t h e  r o a d  and  t h e  s o u t h  bank o f  t h e  
H o l l - H o l l  r i v e r  and  a t  150 m w e s t  o f  t h e  m i l i t a r y  s c h o o l ;  

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i n :  V I I I  s 



HOLL-HOLL 

( C o n t i n u e d )  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  n o n e  

Range: I1 10% b u s h  

I n t e r n a l  D r a i n a g e :  I11 i ; r  

T e r r a c e s  and  D i v e r s i o n s :  I11 p ; f  

Embankments, d i k e s  a n d  l e v e e s :  I11 r ; t ; e ; p  

Pond R e s e r v o i r :  I11 r ; p  



JABAN EAS 

0-5 c m :  

5-19 c m :  

L o c a t i o n :  290.3 E 
1277 .8  N 

A h o r i z o n ;  y e l l o w i s h  r e d  5YR 5 / 6  ( d r y )  r e d  2.5YF 4 / 6  
( w e t )  ; loose, 90% c o b b l e s  and b o u l d e r s ;  c l e a r  b o u n d a r y ;  

B 1  h o r i z o n ;  y e l l o w i s h  r e d  5YR 5 / 6  ( d r y )  a n d  r e d  2.5YR 4 /6  
( w e t ) ;  c l a y  loam; v e r y  f i n e ,  weak q r a n u l a r  s t r u c t u r e ;  
f r i a b l e  ( w e t )  a n d  loose ( d r y ) ;  v e r y  f i n e  roots; p R  8 . 4  
c l e a r  b o u n d a r y ;  

19-49+ c m :  B2ca h o r i z o n ;  r e d  2.5YR 4 / 8  ( d r y )  r e d  2.5YR 3 / 6  ( w e t )  ; 
g r a v e l l y  c l a y  loam; f i n e  s u b a n g u l a r  m o d e r a t e  s t r u c t u r e ;  
loose; 1 0 %  7.5YR 8/1 powdered 1 t o  5  m m  s e c o n d a r y  CaC03: 
v e r y  f i n e  roots; 

I n c l u s i o n s :  Big  rock  o u t c r o p s  o f  b a s a l t  ( 2 % )  

S l o p e :  2  t o  38 

V e g e t a t i o n :  A c a c i a s  5% c o v e r  

C l a s s i f i c a t i o n :  F i n e  loamy, mixed h y p e r t h e r m i c ,  Typi ' c  C a l c i o r t h i d .  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  a ; g  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  none  a ; g  

Range: I1 5% bush; 2 0 0 ~ / ~ a  

I n t e r n a l  d r a inage : .  I11 t ; a ; b  

T e r r a c e s  a n d  D i v e r s i o n s :  I1 p ; t ; c  

Embankments, d i k e s  a n d  l e v e e s :  I1 p ; g  

Pond R e s e r v o i r :  I11 w ; r  



OUEAH 

S i t e  N o .  6 8  

A . D .  / J . G . / F . O .  

L o c a t i o n :  2 6 6 . 4  E 
1 2 7 4 . 8  N 

- 2 5  c m  t o  0 :  Rock f r a g m e n t s  o n  t h e  s u r f a c e  ( 1 0 %  b o u l d e r s ,  cobbles a n d  
s t o n e s  4 0 8 ,  g r a v e l s  4 0 % )  ; 

0-12 c m :  A1 h o r i z o n ;  lOYR 5 / 2  g r a y i s h  brawn ( d r y ) ,  l O Y R  3 / 3  d a r k  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  s a n d y  loam; weak medium t o  
f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  loose ( d r y )  ; f r i a b l e  
( w e t ) ;  n o n s t i c k y  ( m o i s t ) ;  many f i n e  a n d  few coarse 
f i b r o u s  roots ;  f i n e  d i s s e m i n a t e d  a n d  1 t o  4  mm i n d u r a t e d  
CaC03 ; s t r o n g l y  e f f e r v e s c e n t ;  6 0 %  g r a v e l s  a n d  a b o u t  1 0 %  
c o b b l e s  a n d  s t o n e s ;  c lear  a n d  d i f f u s e d  b o u n d a r y ;  

12 -50+  c m :  C  h o r i z o n ;  l O Y R  5 / 3  b rawn  ( d r y ) ,  l O Y R  3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  s a n d y  l o a m ;  weak f i n e  
a n g u l a r  s t r u c t u r e ;  loose, f r i a b l e  n o n s t i c y ;  7 0 %  g r a v e l s ,  
f i n e  d i s s e m i n a t e d  1 t o  4  mm i n d u r a t e d  CaC03, c o n t i n u o u s  
CaC03 c o a t i n g  o n  t h e  rocks s u r f a c e ;  s t r o n g l y  
e f f e r v e s c e n t ;  common f i n e  roots;  

I n c l u s i o n s :  20% r o c k  o u t c r o p  

S l o p e :  45% o f  t h e  slopes a re  o c c u p i e d  b y  t h i s  s o i l  

S i m i l a r  S o i l : 3 5 %  s i m i l a r  l i t h i c  e n t i s o l  

V e g e t a t i o n :  2 0 %  o f  b i l c i n  a n d  q u d a c  c o v e r  

Comnen t : C o l l u v i a l  s l o p e  m i x e d  i g n i o u s  r o c k s ,  2 5  t o  4 0 %  o f  s l o p e s  
o n  t h e  m o u n t a i n h s ,  

L o c a t  i o n :  M i l i t a r y  f i r i n g  r a n g e  a t  5 0 0  m w e s t  o f  t h e  r o a d  a t  Oueah,  

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed  h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  
( a b o u t  45% o f  t h e  a r e a ) ;  l oamy s k e l e t a l  m i x e d  
h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t  ( a b o u t  35% o f  t h e  a r e a ) .  



OUEAH 

( C o n t i n u e d )  

S o i l  I n t e r p r e t a t i o n :  

Land C a p a b i l i t y  C l a s s i f i c a t i o n :  V I I  s ; g ; e ; r ; w  

I r r i g a t i o n  S u i t a b i l i t y  C l a s s i f i c a t i o n :  none  

Range: I 2 0 %  bush  

I n t e r n a l  d r a i n a g e :  I11 r ; i  

T e r r a c e s  and  D i v e r s i o n s :  I11 p ; r ; f  

Embankments, d i k e s  and  l e v e e s :  I11 r ;  t ; p ; c  



5.0 CCY DEY WATERSHED RANDOM SAMPLE SITE DESCRIPTIONS 

28/1 /82  A . D . / F . o .  

D JAD JABOD 

S i t e  N o .  281.6  - 1256.2 

L o c a t  i o n :  

1-10 c m :  C 1  h o r i z o n ;  l O Y r  514  ye l lowish-brown ( d r y )  l O Y R  314  d a r k  
y e l l o w i s h  brown ( m o i s t ) ;  loamy s a n d ;  weak medium t o  f i n e  
s u b a n g u l a r  a n d  a n g u l a r  b l o c k y  s t r u c t u r e ;  weakly  cemented  
b r i t t l e  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  many f i n e  
f i b r o u s  r o o t s ;  c l e a r  and  smooth boundary ;  

1U-20 c m :  C2 h o r i z o n ;  l O Y R  313 d a r k  brown ( m o i s t ) ;  v e r y  q r a v e l l y  
loamy s a n d ;  weak medium t o  f i n e  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  f i r m ,  f r i a b l e ,  n o n s t i c k y :  s t r o n q l y  
e f f e r v e s c e n t ;  many f i n e  f i b r o u s  roots; many f i n e  w h i t e  
f i l a m e n t s ;  c l e a r  a n d  wavy bounda ry ;  50% g r a v e l  a n d  
s t o n e s :  

20-50+ cm: C3 h o r i z o n ;  l O Y R  514 ye l lcwish-brown ( m o i s t )  ; v e r y  
g r a v e l l y  s a n d ;  s t r u c t u r e l e s s ;  loose, f r i a b l e ,  n o n s t i c k y ;  
5b% w a t e r s h e d  g r a v e l  and  s t o n e s ,  s t r o n g l y  e f f e r v e s c e n t ;  
few medium woody r o o t s  a n d  many f i n e  w h i l e  f i l a m e n t s .  

S u r f  a c e :  20% b o u l d e r s ,  c o b b l e s  a n d  s t o n e s .  

I n c l u s i o n s :  208 wad i  c h a n n e l s  

S l o p e :  3% 

P o s i t i o n :  O l d  t e r r a c e  

P a r e n t  M a t e r i a l :  C o l l u v i u m  a n d  l o e s s  

V e g e t a t i o n :  80% " c a g a r "  a n d  dabayey ,  5 %  " sa raman"  and  " c a d a d "  

E r o s i o n :  Modera t e  w a t e r  e r o s i o n  

Comments : A l t i t u d e  300 m 

C l a s s i f i c a t i o n :  Sandy s k e l e t a l  m i  xed  h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



HAGARRE 

S i t e  N o .  276-1261 

L o c a t i o n :  276.0 E 
1261 .7  N 

0-5 cm: A h o r i z o n ;  l O Y R  5 /2  g r a y i s h  brown ( d r y ) ,  l O Y R  3/2  v e r y  
d a r k  g r a y i s h  brown ( m o i s t ) ;  s a n d ;  s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  common f i n e  
f i b r o u s  r o o t s ;  t h i n  i r r e g u l a r  CaC03 c o a t i n g s  on r o c k s ;  
10% f i n e  a n d  medium g r a v e l ;  

5-50 c m :  C h o r i z o n ;  l O Y R  4 / 3  brown ( d r y ) ,  l O Y R  3 / 3  d a r k  brown 
( m o i s t ) ;  s a n d ;  weak medium t o  f i n e  s u b a n a u l a r  b l o c k y  
s t r u c t u r e ;  10% f i n e  and medium g r a v e l ;  v e r y  t h i n  CaC03 
c o a t i n g s  on  r o c k s ;  s o f t  powdery less t h a n  1% 1 t o  2  rnm 
CaC03 ; f i r m ,  f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  
common f i n e  woody r o o t s .  

S u r f a c e :  9 G %  g r a v e l  and  s t o n e s  

I n c l u s i o n s :  50% r o c k  o u t c r o p  20% l i t h i c  v a r i a n t  

S l o p e :  17% 

P o s i t i o n :  C o l l u v i a l  t a l u s  s l o p e  

P a r e n t  M a t e r i a l :  Col luv ium ( b a s a l t )  of s t r a t i f i e d  l a v a s  

V e g e t a t i o n :  1 0 " a O  c m  g r a s s ,  5% h e r b s ,  10% b r u s h  and  1 t o  3  m h i g h  
a c a c i a  t o r t i l i s  

E r o s i o n :  S e v e r e  w a t e r  
0 

Tempera tu re :  26.4 C 50 c m  

C l a s s i f i c a t i c n :  Sandy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t .  



A . D .  /J.G. 

GOUMBOURTA EAD 

S i t e  N o .  269-1254 

0-5  cm: 

L o c a t i o n :  269.3 E 
1254.6 N 

A l l  h o r i z o n ;  l O Y R  4 / 2  d a r k  g r a y i s h  brown ( d r y ) ,  l O Y R  2 /2  
v e r y  d a r k  brawn ( m o i s t ) ;  g r a v e l l y  loam: weak f i n e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  t h i c k  c o a t i n g  o f  CaC03 on 
g r a v e l ;  common f i n e  f i b r o u s  r o o t s ;  40% f i n e  a n d  medium 
g r a v e l ;  c l e a r  wavy boundary:  

5-40 c m :  A12 h o r i z o n ;  l O Y R  3 / 3  d a r k  brown ( d r y ) ,  l O Y R  3 / 2  v e r y  
d a r k  g r a y i s h  brown ( m o i s t ) :  ve ry  s t o n y  l o r n ;  
s t r u c t u r e l e s s ;  loose, f r i a b l e ,  s l i g h t l y  s t i c k y ;  t h i n  
CaC03 c o a t i n g s  on g r a v e l  and  s t o n e s ;  80% s t o n e s ,  c o b b l e s  
and  g r a v e l ;  g r a d u a l  i r r e g u l a r  boundary:  

40+ cm: F r a c t u r e d  r o c k .  

S u r f a c e :  90% g r a v e l ,  s t o n e s  and  c o b b l e s  

I n c l u s i o n s :  10  t o  15% r o c k  o u t c r o p ,  20% t o e s l o p e  v a r i a n t  

S lope :  17% 

P a r e n t  M a t e r i a l :  B a s a l t  

V e g e t a t i o n :  10% 6 c m  g r a s s ,  2% h e r b s  ( 2 0  c m  t a l l ) ,  20% b r u s h  ( 2 0  cm - 
2 m )  

E r o s i o n :  S e v e r e  w a t e r  
0 

Tempera tu re :  29.2 C 40 c m  

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed h y p e r t h e r m i c  L i t h i c  T o r r i o r t h e n t .  



DJALAF 

S i t e  No. 275-1261 

0-5 c m :  

L o c a t i o n :  275.6 E 
1261 .8  N 

A l l  h o r i z o n ;  l O Y R  513 b r w n  ( d r y ) ,  l O Y R  313 d a r k  brown 
( m o i s t ) ;  g r a v e l l y  s andy  loam: weak f i n e  and  medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y :  
few medium r o o t s :  s t r o n g l y  e f f e r v e s c e n t :  CaC03 c o a t i n g s  
on  t h e  p e d s ;  25% c o a r s e  g r a v e l  and  s t o n e s :  

5-50 cm: A12 c a  h o r i z o n :  l O Y R  513 b r w n  ( d r y ) ,  l O Y R  413 brown 
( m o i s t ) ;  g r a v e l l y  sandy loam: 30% f i n e  and  medium g r a v e l ;  
c o n t i n u o u s  CaC03 c o a t i n g s  on r o c k s ;  common f i n e  f i b r o u s  
r o o t s ;  wavy and  i r r e g u l a r  boundary:  

50-90 c m :  Cca h o r i z o n ;  90% c o b b l e s ,  s t o n e s  and  c o a r s e  g r a v e l :  
c o n t i n u o u s  CaC03 c o a t i n g s ;  

S u r f a c e :  75% medium g r a v e l ,  5% s t o n e s  and  b o u l d e r s  

I n c l u s i o n s :  20% wadi  c h a n n e l s ,  10-15% c o l l u v i a l  d e l t a  and  c o l l u v i u m  

S l o p e :  1% 

P o s i t i o n :  T e r r a c e  

P a r e n t  M a t e r i a l :  Al luv ium 

V e g e t a t i o n :  20% 10 cm g r a s s  a n d  h e r b s ,  10% a c a c i a  

E r o s i o n :  S l i g h t  i n f r e q u e n t  i n u n d a t i o n s  
0 

Tempera tu re :  2 6 . 7  C 50 cm 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



MIDGAEOUNE 

S i t e  No. 303-1265 

L o c a t i o n :  303 .3  E 
1265 .9  N 

0-20 c m :  A h o r i z o n ;  5YR 5 / 6  y e l l o w i s h  r e d  ( d r y ) ,  5YR 4 / 6  y e l l o w i s h  
r e d  ( w e t ) ;  c l a y  loam;  weak v e r y  f i n e  s u b a n g u l a r  b l o c k y  
s t r u c t u r e ;  s l i g h t l y  l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  5% 
11 t o  5  mrn s o f t  powdery CaC03; a b o u t  10% medium g r a v e l  
c o a t e d  w i t h  CaC03; common v e r y  f i n e  f i b r o u s  roots;  
e x t r e m e l y  e f f e r v e s c e n t ;  pH 8 . 5  ; g r a d u a l  wavy b o u n d a r y ;  

20-30 c m :  B21 h o r i z o n ;  7.5YR 6 / 4  l i g h t  brown ( d r y ) ,  7.5YR 4 / 6  
s t r o n g  brown ( w e t )  g r a v e l l y  c l a y  loam; weak a n d  m o d e r a t e  
medium a n d  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  s l i g h t l y  
f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  many f i n e  f i b r o u s  r o o t s ;  
25% g r a v e l ,  cobble s a n d  s t o n e s  f rom 5  t o  1 0 0  mm c o a t e d  
w i t h  CaC03 ; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  smoo th  
bounda ry  ; 

30-60 c m :  B22 h o r i z o n ;  7.5YR 6 / 4  l i g h t  brown ( d r y ) ,  7.5YF 4 / 6  
s t r o n g  brown ( w e t ) ;  c l a y  loam;  1 0  t o  15% f i n e  and  medium 
g r a v e l ;  s t r u c t u r e l e s s ;  s l i q h t l y  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  common medium (CaCO3 o n  r o c k s  and  g r a v e l ;  
s t r o n g l y  e f f e r v e s c e n t ;  f i n e  d i s s e m i n a t e d  CaC03; 

S u r f  a c e :  S m a l l  a c c u m u l a t i o n  z o n e  w i t h  60% g r a v e l  c o v e r  

I n c l u s i o n s :  I n c l u d e d  i n  H o l l - H o l l  mapping u n i t s  

S l o p e :  1% 

P o s i t i o n :  Lava p l a t e a u  ( a t  i t s  s h o u l d e r )  

P a r e n t  M a t e r i a l :  E o l i a n  a n d  s l o p e  wash  

V e g e t a t i o n :  L e s s  t h a n  1% g r a s s ,  1% b u s h e s  

E ros ion :  S l i g h t  
0 

T e m p e r a t u r e :  7 C  50  c m  

C l a s s i f i c a t i o n :  Loamy mixed  h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d .  



EOBOLLEY WEYN 

S i t e  No. 289-1259 

L o c a t i o n :  289.1 E 
1259.7 N 

0-20 cm: A h o r i z o n ;  7.5YR 5 / 4  brown ( d r y ) ;  7.5YR 314 d a r k  brown 
( m o i s t ) ;  g r a v e l l y  c l a y  loam: s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  50% g r a v e l ;  s t r o n g l y  
e f f e r v e s c e n t ;  few f i n e  r o o t s ;  CaC03 d e p o s i t s  on g r a v e l :  
g r a d u a l  wavy boundary;  

2U-40 c m :  B h o r i z o n ;  5YR 414 r e d d i s h  brown ( d r y ) ,  5YR 313 d a r k  
r e d d i s h  brown ( m o i s t )  ; g r a v e l l y  loam; l o o s e ,  f r i a b l e ,  
s l i g h t l y  s t i c k y :  s t r o n g l y  e f f e r v e s c e n t ;  20% g r a v e l  and 
s t o n e s  covered  w i t h  CaC03 : 

S u r f a c e :  70% c o b b l e s  and s t o n e s  

I n c l u s i o n :  5% d r a i n a g e  ways 

Slope:  1% 

P o s i t i o n :  Shou lde r  of  l a v a  p l a t e a u  

P a r e n t  M a t e r i a l :  E o l i a n  and v o l c a n i c  r u b b l e  

Vege ta t ion :  1% g r a s s  (10  c m ) ,  4% a c a c i a  

E r o s  i o n  : Water ( s l i g h t )  
0 

Temperature: 30.7 C 40 c m  

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed hyper the rmic  L i t h i c  Camborthid. 



H I N D I  

S i t e  KO. 273-1257 

Loca t ion :  273.e E 
1257.6 N 

0-15 cm: A h o r i z o n ;  l O Y R  4 /3  brown ( d r y ) ,  7.5YR 3 / 4  d a r k  brown 
( m o i s t )  ; very  g r a v e l l y  loamy sand;  s t r u c t u r e l e s s ;  l o o s e ,  
f r i a b l e ,  n o n s t i c k y ;  60% g r a v e l ,  c o b b l e s  and s t o n e s ;  t h i n  
CaC03 c o a t i n g s  on a l l  rock  f ragments ;  ex t remely  
e f f e r v e s c e n t ;  few f i n e  f i b r o u s  r o o t s ;  c l e a r  wavy 
boundary ; 

15-40 c m :  B21 h o r i z o n ;  l O Y R  5 /2  g r a y i s h  brown ( d r y ) ,  l O Y R  3 /3  da rk  
brown ( m o i s t ) ;  ve ry  g r a v e l l y  loamy sand:  80% g r a v e l  and 
s t o n e s ;  s t r u c t u r e l e s s ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  CaC03 
c o a t i n g  on a l l  rock f ragments ;  common f i n e  f i b r o u s  r o o t s ;  
ex t remely  e f f e r v e s c e n t ;  g r a d u a l  wavy boundary;  

40-150+ c m :  B22 h o r i z o n ;  l O Y R  7/2 l i g h t  g r a y  ( d r y ) ,  l O Y R  5 / 4  
y e l l o w i s h  brown ( m o i s t ) ;  g r a v e l l y  loamy sand;  s l i g h t l y  
cemented; s t r u c t u r e l e s s ;  h a r d ,  v e r y  f i r m ,  n o n s t i c k y ;  1 0  
t o  15% CaC03; CaC03 d e p o s i t s  on rock f ragments  and 
d i s s e m i n a t e d  f i n e  CaC03: 50 t o  60% g r a v e l ;  ex t remely  
e f f e r v e s c e n t ;  

S u r f a c e :  60% g r a v e l  cover  and 20% s t o n e  c o v e r  

I n c l u s i o n s :  Wadi c h a n n e l  and dark  c o l l u v i a l  d e l t a s  and c o l l u v i u r  

Slope:  1% 

S i m i l a r  S o i l :  D I J A N  DER 

Position: Terrace 

P a r e n t  M a t e r i a l :  Alluvium 

V e g e t a t i o n :  20% t o  10 c m  g r a s s ,  2% h e r b s ,  50 t o  60% a c a c i a  c o v e r  n e a r  
t h e  wadi 

Eros ion :  S l i g h t  w a t e r ;  i n f r e q u e n t l y  inunda ted  
0 

Temperature:  30.3 C 40 c m  

C l a s s i f i c a t i o n :  Sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



A.D.  /J.G. 

GOUMBOURTA EATAR 

S i t e  No: 300-1267 

0-10 cm: 

Locat ion:  300.8 E 
1267.2 N 

A h o r i z o n ;  2.5YR 3/2 dusky r e d  ( d r y ) ,  2.5YR 3 / 4  dark  
r e d d i s h  brown ( m o i s t ;  c l a y ;  modera te  medium t o  f i n e  
s u b a n g u l a r  b locky s t r u c t u r e ,  f i r m ,  f r i a b l e ,  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  5  t o  10% 2  t o  5  mm g r a v e l :  c l e a r  
smooth boundary; 

10-35 c m :  B21 h o r i z o n ;  2.5YR 3/2  dusky r e d  ( d r y ) ,  2.5YR 5 / 4  da rk  
r e d d i s h  brown ( m o i s t ) ;  c l a y  loam; h a r d  c o a r s e  t o  medium 
s u b a n g u l a r  b locky  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s o f t  masses of  2  t o  4  mm secondary  CaC03 ( 3  t o  
4 % )  ; s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  smooth boundary;  

35-70 c m :  B22 h o r i z o n ;  5YR 4/6 y e l l o w i s h  r e d  ( d r y ) ,  2.5YR 3 / 4  da rk  
r e d d i s h  b r w n  ( m o i s t ) ;  c l a y  loam; weak medium t o  f i n e  
s u i b a n g u l a r  b locky  s t r u c t u r e :  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  g r a d u a l  smooth boundary;  

70-85 crn: B23 h o r i z o n ;  2.5YR 3 / 4  da rk  r e d d i s h  brawn ( d r y  and 
m o i s t ) ;  c l a y  loam; ( a u g e r  sample)  ; f i r m ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  3  t o  4% f i n e  
CaS04; g r a d u a l  smooth boundary;  

80-100+ c m :  324 h o r i z o n ;  2.5YR 3 / 4  da rk  r e d d i s h  brawn ( d r y  and 
m o i s t ) ;  c l a y  loam; ( a u g a r  s a m p l e ) ;  15% weak pusmic rock ;  
1% CaS04: s t r o n g l y  e f f e r v e s c e n t .  

S u r f  ace :  90% c o b b l e s  and s t o n e s  

I n c l u s i o n s :  1 0 %  l a v a  o u t c r o p  

S l o p e  : 2% 

P o s i t i o n :  S i d e  s l o p e  

P a r e n t  M a t e r i a l :  E o l i a n  d e p o s i t  

V e g e t a t i o n :  5% a c a c i a ,  2  t o  3% f i n e  g r a s s  10 c m  t a l l  

E ros ion :  Moderate 
0 

Temperature:  31.2 C 50 c m  

C l a s s i f i c a t i o n :  F i n e  loamy mixed hyper the rmi  c T y p i c  Camborthid 



J . G .  /A .D .  

0-12 c m :  

S i t e  N o .  271-1255 

L o c a t i o n :  271.7  E 
1255 .9  N 

A h o r i z o n ;  l O Y R  6 / 4  y e l l o w i s h  brown ( d r y ) ,  l O Y R  4 / 4  d a r k  
y e l l w i s h  brown ( m o i s t ) ;  loam; weak f i n e  and medium 
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f r a g i l e ,  f r i a b l e ,  n o n s t i c k y ;  
few f i n e  woody roots;  s t r o n g l y  e f f e r v e s c e n t ;  158  f i n e  a n d  
medium g r a v e l ;  c lear  i r r e g u l a r  b o u n d a r y ;  CaC03 c o a t i n g s  
o n  t h e  vock f r a g m e n t s ;  

12-50+ c m :  B h o r i z o n ;  7.5YR 6 / 4  l i g h t  brown ( d r y ) ,  7.5YR 514  brown 
(moist); s t o n y  c l a y  loam; weak medium a n d  f i n e  s u b a n g u l a r  
b l o c k y  s t r u c t u r e ;  f r a g i l e ,  f r i a b l e ,  s l i q h t l y  s t i c k y ;  
s t r o n g l y  e f f e v e s c e n t ;  p a t c h e s  f rom 1 t o  3  cm. w i t h  s o f t  
p w d e r y  CaC03; CaC03 c o a t i n g  on  g r a v e l ;  c o m n  medium a n d  
f i n e  woody roots;  a b o u t  30% s t o n e s ,  c o b b l e s  a n d  g r a v e l .  

S u r f  ace: 80% g r a v e l ,  s t o n e s  a n d  b o u l d e r s  

I n c l u s i o n s :  30  t o  50% l a v a  o u t c r o p  

P a r e n t  Material: T a l u s  

V e g e t a t i o n :  1 0  t o  15% Jirme, c a d a d ,  10% g r a s s  

E r o s i o n :  S e v e r e  water e r o s i o n  
0 

Tempera tu r e :  26 .2  C 5 0  c m  

C l a s s i f i c a t i o n :  F i n e  loamy mixed h y p e r t h e r m i c  T y p i c  Cambor th id .  



DIKO 

S i t e  No. 302-1268 

0-5 cm: 

5-30 cm: 

Locat ion:  302.4 E 
1268.4 N 

A ho r i zon ;  7.5YR 5 /4  brown ( d r y ) ,  2.5YR 3/6  da rk  r e d  
(moist); c l a y  loam; weak f i n e  subangu l a r  b locky  
s t r u c t u r e ;  f i rm ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  5 t o  10% 
medium grave  1; c l e a r  smooth boundary; s t r o n g l y  
e f f e r v e s c e n t ;  

B21 h o r i z o n ;  5YR 3 /4  da rk  r e d d i s h  brown ( d r y  and m o i s t ) :  
g r a v e l l y  c l a y  loam; 20% f i n e  g r a v e l ,  moderate medium 
b reak ing  t o  f i n e  subangula r  b locky  s t r u c t u r e ;  f i r m ,  
f r i a b l e ,  s l i g h t l y  s t i c k y ;  many f i n e  mycel ia :  s t r o n a l y  
e f f e r v e s c e n t ;  1 t o  3% 1 t o  2  mm s o f t  CaC03: g r a d u a l  wavy 
boundary ; 

30-50+cm: B22 h o r i z o n ;  5YR 4 / 6 y e l l o w i s h  r e d  ( d r y ) ,  5YR 3/4  r e d d i s h  
brown ( m o i s t ) ;  g r a v e l l y  c l a y ;  20% f i n e  g r a v e l ;  few f i n e  
CaS04 c r y s t a l s ;  s t r o n g l y  e f f e r v e s c e n t  ( a u g e r  s amp le ) ;  

Su r f  ace :  80% cobb l e s ,  s t o n e s  and bou lde r s  

I n c l u s i o n s :  10% d r a i n a g e  ways w i th  t h i n  f l u v i a l  cover ,  10% s t e e p  
Hol l -Hol l  s o i l  

P o s i t i o n :  On l ava  p l a t e a u  

P a r e n t  M a t e r i a l :  E o l i a n  m a t e r i a l  on l ava  flow 

Vege ta t ion :  Rare, " b i n i n "  and "arman" ( 1 0 % )  i n  waterways; s p a r s e  
g r a s s  

Eros ion :  S l i g h t  
0 

Temperature:  33 C 50 cm 

C l a s s i f i c a t i o n :  F i n e  loamy mixed hyper the rmic  Typ i c  Camborthid 



S i t e  N o .  283-1259 

0-8 c m :  

8 -50  c m :  

L o c a t i o n  283 .6  E 
1 2 5 9 . 9  

A h o r i z o n ;  5YR 5 / 6  y e l l o w i s h  r e d  ( d r y ) ,  2.5YR 5 / 6  r e d  
( m o i s t )  ; loam; weak f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
loose, f r i a b l e ,  s l i g h t l y  s t i c k y ;  few f i n e  roots;  
m o d e r a t e l y  e f f e r v e s c e n t ;  c lear  and  wavy bounda ry ;  

B21 h o r i z o n ;  2.5YR 3 / 6  d a r k  r e d  ( d r y  and  m o i s t ) ;  s i l t y  
c l a y  loam; m o d e r a t e  medium and  coarse s u b a n q u l a r  b l o c k y  
s t r u c t u r e ;  h a r d ,  f r i a b l e ,  s l i g h t l y  s t i c k y :  5% f i n e  
g r a v e l ;  few f i n e  roots;  m o d e r a t e l y  e f f e r v e s c e n t ;  s l i g h t l y  
s a l t y  i n  t h e  l o w e r  p a r t  o f  t h e  h o r i z o n ;  few s m a l l  s l i c k -  
s i d e s ;  g r a d u a l  and  smooth b o u n d a r y ;  

50-100+ c m :  B22 h o r i z o n ;  l O Y R  4 / 6  r e d  ( d r y ) ,  lOYF 3 / 6  d a r k  r e d  
( m o i s t ) ;  s a n d y  c l a y  loam; 15% f i n e  q r a v e l ;  m o d e r a t e  and 
weak medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  3-58 1 t o  3 mm CaS04 c r y s t a l s ;  
m o d e r a t e l y  e f f e r v e s c e n t .  

S u r f  ace: 6 0  t o  70% cobbles a n d  s t o n e s  

I n c l u s i o n :  J a b a n  E a s  

S l o p e :  3  % 

S i m i l r  S o i l :  G u i s t i r  

P o s i t i o n :  Lava f low 

V e g e t a t i o n :  2% "sarman" i n  t h e  w a t e r w a y s  

E r o s  i o n :  Wind and  w a t e r  e r o s i o n  
0 

T e m p e r a t u r e :  30 .3  C 50  c m  

Comment: S i l t  c r u s t  f rom t h e  r a i n  a t  t h e  s u r f a c e  

C l a s s i f i c a t i o n :  F i n e  loamy mixed h y p e r t h e r m i c  G y p s i c  Cambor th id  



S i t e  No. 286-1261 

Loca t ion :  286.3 E 
1261.9 N 

0-10 cm: A h o r i z o n ;  5YR 416 y e l l o w i s h  r e d  ( d r y ) ,  2.5YR 316 d a r k  
r e d  ( m o i s t ) ;  loam; weak f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  
l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  m i l d l y  e f f e r v e s c e n t ;  c l e a r  and 
wavy boundary ; 

10-110+ cm: B2 h o r i z o n ;  5YR 4/6 y e l l o w i s h  r e d  ( d r y ) ,  2.5YR 316 da rk  
r e d  ( m o i s t ) ;  sandy c l a y  loam; modera te  medium and c o a r s e  
s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  ve ry  h a r d ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  few f i n e  w h i t e  f i l a m e n t s ;  5% f i n e  q r a v e l ;  few 
s l i c k e n - s i d e s ;  seems t o  have f a i n t  s a l t  t a s t e ;  m i l d l y  
e f f e r v e s c e n t .  

Surf  ace :  60% c o b b l e s ,  s t o n e s  and b o u l d e r s  

I n c l u s i o n s :  G u i s t i r  o r  J a b a n  Eas  

S l o p e  : 1% 

P o s i t i o n :  Lava f low ( l o e s s  c o v e r e d )  on t h e  c o a s t a l  s i d e  

V e g e t a t i o n :  Rare  ( 2  m h i g h  " b i l c i n "  and 1% h e r b s )  

Eros ion :  Wind and  s h e e t  
0 

Temperature:  31  C 

Comment: S i l t  c r u s t  f rom t h e  r a i n  a t  t h e  s u r f a c e  

Classification: Fine loamy mixed hyperthermic Typic Camhorthid 



DAGAHDAMER 

S i t e  No. 306-1263 

F.O. /A.D./J.G. 

Loca t ion :  306.3 E 
1263.8 N 

0-15 c m :  A h o r i z o n ;  l O Y R  5 / 3  brown ( d r y ) ,  7.5YR 4 / 4  da rk  brown 
(m i s t ) ;  very  g r a v e l l y  loamy sand;  weak medium t o  f i n e  
s u b a n g u l a r  b locky  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  n o n s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t :  30% g r a v e l  and 30% s t o n e s ;  common 
f i n e  woody r o o t s ;  c l e a r  and wavy boundary; 

15-40+ cm:  Cca Horizon;  l O Y R  513 brown ( d r y ) ,  7.5YR 4 / 4  d a r k  brown 
( m o i s t )  ; very  g r a v e l l y  sandy loam; weak f i n e  s u b a n g u l a r  
b locky  s t r u c t u r e ;  l o o s e ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  1 t o  10 mm h a r d  p i t t e d  CaC03 and 
f i n e  d i s s e m i n a t e d  s o f t  powdery and t h i c k  c o a t i n q s  on t h e  
g r a v e l  and t h e  s t o n e s ;  few f i n e  woody r o o t s .  

S u r f  ace:  80% g r a v e l  and 20% c o b b l e s  and s t o n e s  

I n c l u s i o n s :  15% rock  o u t c r o p  and 15% t y p i c  C a l c i o r t h i d  

Slope:  15% 

P o s i t i o n :  C o l l u v i a l  s l o p e  

P a r e n t  M a t e r i a l :  Loess  and mixed i g n e o u s  r o c k s  

Vege ta t ion :  10% b u s h e s  and g r a s s  

Eros ion :  Water e r o s i o n  ( s h e e t  and g u l l y )  
0 

Temperature: 30.1 C 4C c m  

C l a s s i f i c a t i o n :  Loamy s k e l e , t a l  mixed h y p e r t h e r m i c  L i t h i c  C a l c i o r t h i d  



S i t e  No. 282-1259 

0-20 cm: 

Loca t ion :  282.4 E 
1259.7 N 

A h o r i z o n ;  l O Y R  5 / 3  brown ( d r y ) ,  lOYR 3 /4  d a r k  y e l l o w i s h  
brown ( m o i s t ) ;  v e r y  g r a v e l l y  sand;  weakly cemented, 
f r i a b l e ,  n o n s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  50% q r a v e l ;  
t h i n  c o a t i n g  of  CaC03 on t h e  g r a v e l  and s t o n e s ;  c l e a r  and 
wavy boundary;  

20-70 cm: Cca h o r i z o n ;  l O Y R  6 /2  l i g h t  brownish g r a y  ( d r y ) ,  lOYR 3 /2  
ve ry  d a r k  g r a y i s h  brown ( m o i s t ) ;  ve ry  s r a v e l l y  sand;  
h a r d l y  cemented, b r i t t l e ,  n o n s t i c k y ;  s t r o n g l y  
e f f e r v e s c e n t ;  70% g r a v e l  and s t o n e s ;  d i f f u s e d  boundary;  

70-150+ cm: C h o r i z o n ;  s t r a t i f i e d  g r a v e l  and s t o n e s .  

S u r f a c e :  40% c o b b l e s  and s t o n e s  

I n c l u s i o n s :  Wadi channel  

S lope:  1% 

S i m i l a r  S o i l :  Did jan  Der 

P o s i t i o n :  T e r r a c e  

V e g e t a t i o n :  Acacia  and bushes  

Eros ion :  O c c a s i o n a l  f l o o d i n g  and wind e r o s i o n  
0 

Temperature:  30.6 C 50 cm 

C l s s i f i c a t i o n :  Sandy s k e l e t a l  mixed h y p e r t h e r m i c  T y p i c  C a l c i o r t h i d  



S i t e  No. 280-1253 

Loca t ion :  280.5 E 
1253.1  

0-10 c m :  A h o r i z o n ;  7.5YR 5 / 4  brown ( d r y ) ,  7.5YR 3/4  d a r k  brown 
(moist); sandy loam; moderate  medium s u b a n g u l a r  b locky ;  
f i r m ,  f r i a b l e ,  s l i g h t l y  s t i c k y ;  10% g r a v e l :  s t r o n q l y  
e f f e r v e s c e n t ;  few f i n e  r o o t s ;  c l e a r  and  wavy boundary:  

10-50+ cm: C h o r i z o n :  l O Y R  5 / 3  brown ( d r y ) ,  l O Y R  4 / 3  d a r k  brown 
( m o i s t )  ; very  many cobb les / sandy  loam: s t r u c t u r e l e s s :  
weakly cemented, f r i a b l e ,  n o n s t i c k y :  s t r o n g l y  
e f f e r v e s c e n t ;  t h i n  CaC03 c o a t i n g  on t h e  c o b b l e s  and 
g r a v e l :  common f i n e  r o o t s ;  50% c o b b l e s  and g r a v e l .  

S u r f a c e :  75% g r a v e l ,  20% c o b b l e s  and b o u l d e r s  

I n c l u s i o n s :  Wadi c h a n n e l  and J a b a n  E a s  complex 

S lope :  1% 

S i m i l a r  S o i l :  D I D J A N  DER 

P o s i t i o n :  Old  T e r r a c e  

P a r e n t  M a t e r i a l :  Alluvium 

V e g e t a t i o n :  3% bushes  and  g r a s s  

E r o s i o n  : S h e e t  e r o s i o n  and  wind e r o s i o n  

Temperature:  29PToPTC 50 cm 

C l a s s i f i c a t i o n :  Loamy s k e l e t a l  mixed hyper the rmic  T y p i c  T o r r i o r t h e n t  



S i t e  No. 304-1271 

Loca t ion :  304.7 E 
1271.2 N 

0-17 cm: C21 h o r i z o n ;  l O Y R  5 / 3  brown ( d r y ) ,  l O Y R  3 / 3  da rk  brown 
( m o i s t ) ;  sand;  l a m i n a r ;  s t r u c t u r e l e s s ;  l o o s e ;  e f f e r v e s -  
c e n t ;  c l e a r  and wavy boundary; 

17-60 cm:  C22 h o r i z o n ;  7.5YR 4 / 4  brown ( d r y ) ,  7.5YR 3 /4  d a r k  brown 
( m o i s t ) ;  sandy c l a y  loam; weak medium and f i n e  s u b a n q u l a r  
b locky  s t r u c t u r e ;  s l i g h t l y  f i n ,  s l i g h t l y  f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  less t h a n  1% 2-15 
mm CaS04; g r a d u a l  wavy boundary; 

60-80+ c m :  C23 h o r i z o n ;  7.5YR 4 / 4  brown ( m o i s t ) ;  sandy c l a y  loam; 
weak medium and f i n e  subangu la r  b locky s t r u c t u r e ;  
s l i g h t l y  f i r m ;  s l i g h t l y  f r i a b l e ,  s l i g h t l y  s t i c k y ;  
s t r o n g l y  e f f e r v e s c e n t ;  5% 2-20 rnm CaS04. 

S u r f a c e :  E o l i a n  sand ,  1 mm weak c r u s t  

I n c l u s i o n s :  Sand dunes (20-100 cm) 

Slope:  Less  t h a n  1% 

S i m i l a r  S o i l s :  ATAR 

P o s i t i o n :  C o a s t a l  p l a i n  

P a r e n t  M a t e r i a l :  Recent  mar ine  sed iment  

Vege ta t ion :  2% P r o s o p i s  j u l i f l o r a  and a c a c i a  

E r o s i o n :  E o l i a n  and r i l l  erosion 
0 

Temperature:  31.7 C 50 c m  

C l a s s i f i c a t i o n :  F i n e  loamy mixed h y p e r t h e r m i c  Typ ic  T o r r i o r t h e n t  



A.D.  /F.o. /J.G. 

S i t e  No. 278-1254 

0-10 c m :  

Loca t ion :  278.3 E 
1254.8 N 

A h o r i z o n ;  l O Y R  6 / 4  l i g h t  y e l l o w i s h  brown ( d r y ) ,  l O Y R  4 /3  
brown ( m o i s t ) ;  loam; moderate medium t o  f i n e  s u b a n u u l a r  
and a n g u l a r  b locky  s t r u c t u r e ;  f i r m ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  5% g r a v e l :  few f i n e  r o o t s ;  
c l e a r  and wavy boundary; 

10-50+ c m :  C h o r i z o n ;  l O Y R  5 /3  brown ( d r y ) ,  l O Y R  3 /3  da rk  brown 
( m o i s t ) ;  ve ry  g r a v e l l y  loam; weakly cemented, f r i a b l e ,  
s l i g h t l y  s t i c k y ;  s t r o n g l y  e f f e r v e s c e n t ;  50% g r a v e l  and 
c o b b l e s ;  t h i n  CaC03 c o a t i n g  on t h e  g r a v e l  and c o b b l e s .  

S u r f a c e :  60% s t o n e s  and b o u l d e r s  

I n c l u s i o n s :  10% l a v a  o u t c r o p  

S lope :  1% 

S i m i l a r  S o i l s :  "Balambal" 

P o s i t i o n :  Lava p l a t e a u  

P a r e n t  M a t e r i a l :  V o l c a n i c  a s h  e j e c t a  

Vege ta t ion :  15% 600150 c m  h i g h  " b i n i n "  

Eros ion:  S h e e t  e r o s i o n  and wind e r o s i o n  

Temperature:  20PToPTC 50 c m  

Classification: Loamy skeletal mixed hyperthermic Typic Torriorthent 



S i t e  No. 305-1271 

L o c a t i o n :  305.7 E 
1271 .4  N 

0-4 c m :  A h o r i z o n :  l O Y R  4 / 3  brown ( d r y ) ,  l O Y R  3 / 4  d a r k  y e l l o w i s h  
brown ( m o i s t )  ; loamy s a n d ;  s t r u c t u r e l e s s ;  l o o s e ,  v e r y  
f r i a b l e ;  common f i n e  r o o t s ;  e f f e r v e s c e n t ;  c l e a r  wavy 
boundary  ; 

4-30 c m :  C21 h o r i z o n ;  7.5YR 3 / 4  v e r y  d a r k  brown (moist)  ; sandy  
loam; weak m o d e r a t e  and  coarse s u b a n g u l a r  b locky  
s t r u c t u r e ;  few f i n e  w h i t e  f i l a m e n t s ;  f i r m ,  f r i a b l e ,  
n c n s t i c k y ;  few f i n e  r o o t s :  s t r o n g l y  e f f e r v e s c e n t ;  nany 
f i n e  p o r e s ;  c lear  wavy bounda ry ;  

30-60+ c m :  C22 h o r i z o n ;  7.5YR 414 brown ( m o i s t )  ; loamy sand:  weak 
medium s u b a n g u l a r  b l o c k y  s t r u c t u r e ;  f i r m ,  f r i a b l e ;  few 
f i n e  p o r e s :  few f i n e  c r y s t a l s ;  e f f e r v e s c e n t ;  s t r a t i f i e d  
loam, s a n d s  and  g r a v e l s  (5-20 c m  l a y e r s ) .  

S u r f a c e :  E o l i a n  sand  a n d  c r u s t y  patches o f  s a l i n e  s i l t  

I n c l u s i o n s :  T o r r i f l u v e n t s  a n d  T o r r i o r t h e n t s  

S l o p e :  0% 

S i m i l a r  Soi ls :  N o .  11 

P o s i t i o n :  F l o o d  t e r r a c e  

P a r e n t  M a t e r i a l :  S t r a t i f i e d  f l u v i a l  d e p o s i t s  

V e g e t a t i o n :  40% a c a c i a  and  p r o s o p i s  J u l i f l o r a  

E r o s i o n :  F l o o d  and  wind e r o s i o n  

Tempera tu re :  33.0PToPTC 50  c m  

C l a s s i f i c a t i o n :  C o a r s e  loamy mixed h y p e r t h e r m i c  T y p i c  T o r r i o r t h e n t  
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APPENDIX L 
LAND OWNERSHIP-MAP - 

l . U  IbiTODUCTION TO LAND OWNERSHIP MAPPING 

Due t o  t h e  s m a l l  s i z e  of  t h e  a g r i c u l t u r a l  f i e l d s  i n  D j i b o u t i ,  it 
i s  necessa ry  t o  e s t a b l i s h  a  mapping c a p a b i l i t y  a t  1:5,000 s c a l e  which 
i s  f i v e  t i m e s  l a r g e r  t h a n  t h e  l a r g e s t  s c a l e  photography a v a i l a b l e  and 
twenty  t i m e s  l a r g e r  t h a n  t h e  on ly  s e r v i c e a b l e  t o p o g r a p h i c  map. 

T h e r e f o r e ,  Bever ly  R o l l i n s ,  a  v o l u n t e e r  w i t h  t h e  ~ g r i c u l t u r a l  
S e r v i c e ,  l e a r n e d  how t o  l o c a t e  d e t a i l  from t h e  1:100,000 t o p o g r a p h i c  
map t o  t h e  1:25,000 a e r i a l  photos .  She t h e n  l o c a t e d  t h e  farm 
b o u n d a r i e s  and o t h e r  t o p o g r a p h i c  d e t a i l  f o r  t h e  Houmbouli and Douda 

a 9 ~ i c ~ l t u r a l  a r e a  ( s e e  F i g u r e  1) .  The i n f o r m a t i o n  of  t h e  black-and- 
w h i t e  photos  were e n l a r g e d  and compared t o  some hand-held 35 mm c o l o r  
s l i d e s  of t h e  p r e s e n t  c o n d i t i o n  i n  t h e s e  t w o  a r e a s .  The d i s t o r t i o n  
was removed and a  1:5,000 s c a l e  map was e s t a b l i s h e d  u s i n g  t h e  
U n i v e r s a l  T r a n s v e r s e  Merca to r  ( U T M )  k i l o m e t e r  g r i d  a s  a  b a s e  f o r  
p l a c i n g  and l o c a t i n g  f e a t u r e s .  T h i s  p r e s e n t s  a  l a r g e  enough s c a l e  t o  
b e g i n  t o  l o c a t e  t h e  a g r i c u l t u r a l  i n v e n t o r y  on t h e  map. ~t i s  expec ted  
t h a t  t h i s  p rocedure  can  b e  expanded t o  o t h e r  a r e a s  such a s  Asala ,  
Hanle,  Tad jorah,  Obock, e t c .  



2.0 PROCEDURE FOR Y m I N G  THE 1: 5000 SCALE LAND OWNERSHIP MAP 

I n  making a  map i t  i s  impor tan t  t o  have  a  b a s e  map which 
e s t a b l i s h e s  t h e  l o c a t i o n  of f e a t u r e s  t o  be  i d e n t i f i e d  on  t h e  qround.  
S i n c e  D j i b o u t i  h a s  few roads ,  f e n c e s  and channe l s  a s  w e l l  a s  l a r q e -  
s c a l e  maps, t h e  b e s t  maps a v a i l a b l e  a r e  t h e  1:100,000 s c a l e  
t o p o g r a p h i c  map. S i n c e  t h e r e  i s  no l a r g e - s c a l e  t h a t  c o v e r s  t h e  
c o u n t r y ,  t h i s  p r o j e c t  h a s  used  t h e  UTM, one-k i lomete r  q r i d  b a s e  o f  t h e  
1:100,000 map a s  t h e  s p e c i f i c  b a s e  map. The i n t e r s e c t i o n  of  t h e  
n o r t h - s o u t h  l i n e s  w i t h  t h e  e a s t - w e s t  ones  need o n l y  t h e n  t o  b e  
e s t a b l i s h e d  f o r  each l a r g e r  s c a l e  and a  s e r v i c e a b l e  map can b e  made. 

T h e r e f o r e ,  i n  t h i s  p r o j e c t ,  w e  compared t h e  f e a t u r e s  of  t h e  
1:100,000 s c a l e  map t o  t h o s e  of  t h e  1 :25 ,000,  1973, a e r i a l  
photographs .  S e v e r a l  UTM g r i d  l o c a t i o n s  a r e  p l a c e d  on a n  a c e t a t e  
o v e r l a y ,  punch r e g i s t e r e d  t o  t h e  a e r i a l  photo .  The s c a l e  is  
e s t a b l i s h e d  and a  f u l l  g r i d  made by s c r a t c h i n g  t h e  a c e t a t e  t o  avo id  
o b l i t e r a t i n g  t h e  pho to .  

A t  t h i s  t i m e  t h e  s e l e c t e d  f e a t u r e s  a r e  t r a c e d  on s e p a r a t e  
o v e r l a y s  t o  f a c i l i t a t e  upda t ing .  T h i s  map i s  t h e n  t r a n s f e r r e d ,  u s i n g  
v e r t i c a l  s k e t c h m a s t e r ,  a  g r i d  a t  e x a c t l y  1 :25 ,000.  F i g u r e  2 
shows t h e  r e s u l t a n t  1: 25,000 b a s e  map. 

I n  t h e  meantime, we took 35 mm s l i d e s  of t h e  p r e s e n t  a g r i c u l t u r e  
i n  Houmbli and Douda from abou t  500 meters e l e v a t i o n .  C a r e  must b e  
t a k e n  i n  t h i s  s t i p  t o  h o l d  t h e  camera v e r t i c a l  t o  t h e  ground and g e t  
o v e r l a p  on a l l  s i d e s .  

A t  t h i s  p o i n t  t h e  1:25,000 map o f  1973 f e a t u r e s  a r e  merged w i t h  
t h e  1982 s l i d e s .  The a e r i a l  photos  e n a b l e  one  t o  l o c a t e  t h e  f e a t u r e s  
on t h e  1:100,000 s c a l e  map i n  s u f f i c i e n t  d e t a i l  t o  r e c o q n i z e  i t s  
placement  on t h e  l t 5 , 0 0 0  s c a l e  map ( i n  t h i s  c a s e  t h e  c o l o r  s l i d e s ) .  
To f a c i l i t a t e  t h i s  t r a n s f e r  a  p e r p e n d i c u l a r  i s  e s t a b l i s h e d  between 
t h o s e  p o i n t s  r e c o g n i z e d  on bo th  t h e  1:25,000 s c a l e  map and t h e  c o l o r  
s l i d e .  The 1: 25,000 s c a l e  map i s  t h e n  p l a c e d  on a  board  and  moved 
t o / f r o m  t h e  p r o j e c t o r  t o  accompl ish  s c a l e  and f i l t e r e d  t o  compensate 
f o r  d i s t o r t i o n .  Then t h e  new f e a t u r e s  a r e  t r a c e d  on a  s h e e t  of p a p e r  
p l a c e d  o v e r  t h e  1 :25,000 s c a l e  map. 

The new map, with t h e  lacement  of  f e n c e s ,  c h a n n e l s ,  roads  and 
b u i l d i n g s  i s  t h e n  e n l a r g e s  t o  1 :5 ,000 s c a l e .  The f i n a l  map i s  

a s h e e t  f o r  each s q u a r e  k i l o m e t e r  of  t h e  UTM g r i d  (10 cm 
x 10 cm) . F i g u r e s  3-7 shud t h e  f i n a l  1:5,000 s c a l e  maps. The mylar 
s h e e t s  a r e  punched. The g r i d  i s  d i v i d e d  i n t o  100 p a r t s .  Each t y p e  of 
f e a t u r e  i s  p l a c e d  on a  s e p a r a t e  s h e e t  of mylar .  

A s i n g l e  photocopy i s  made and t a k e n  t o  t h e  f i e l d  f o r  ad jus tment ,  
v e r i f i c a t i o n  and logg ing  ownership.  The f i e l d s  a r e  measured w i t h  a  
p l a n i m e t e r  and t h e  s i z e  of t h e  f i e l d s  a r e  a s s i g n e d  t o  t h e  a p p r o p r i a t e  
p r o p r i e t o r .  
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APPENDIX M 

The S o i l s  and Water Laboratory Library -- 

1.0 INTRODUCTION 

Many books i n  both French and English have been received by 
t h e  laboratory t o  maintain a s  a  repos i tory  of reference  mate r i a l  
t o  serve  a s  back-up f o r  t he  technicians.  The t i t l e s  have been 
s e l ec t ed  ca r e fu l l y  t o  include ba s i c  information on more than jus t  
labora tory  references.  

Since t h e  Djiboutian technicians w i l l  have no access  t o  a  
major l i b r a r y ,  t h e  subject  matter of t h e  l i b r a r y  deals  with a l l  
f a c e t s  of s o i l s  and agronomic inves t iga t ions ,  a g r i c u l t u r a l  
p r a c t i c e s  and implementation a s  well  a s  r e l a t ed  f i e l d s  i n  
chemistry,  geology, engineering, e t c .  



GROUP A 
McGraw-Hill Book Company 

1221 Avenue of t h e  Americas 
New York, N e w  York 10020 U.S.A. 

BASIC f o r  Beginners  
Gary & B i t t e r  
1978 176p. 

Clay Mineralogy 
Ralph E.  G r i m  
1968 

Eng inee r i ng  P r o p e r t i e s  of S o i l s  and T h e i r  Measurement 
Jo seph  E.  Bowles 
1978 368p. 

Environment and P l a n t  Response 
Michael  Treshow 
1970 416p. 

F i e l d  Geology 
F r e d e r i c  Lahee 
1961 880p. 

Fundamentals of H o r t i c u l t u r e  
J . B .  E d m n a l  
1975 576p. 

Groundwater Hydrology 
Herman Bauwer 
1978 480p. 

Geology: P r i n c i p l e s  and Processes  
Wil l iam H .  Emmns 
1940 491p. 

Handbook of  Meteorology 
F.A. Beroy Jr .  
1945 1116p. 

I n t r o d u c t i o n  t o  P l a n t  Pathology 
Cale ,  Leon J .  E d i t o r  
Heald, U .  D. Author 
1943 601 p .  

Lange'  s Handbook of  Chemistry,  1 2 t h  E d i t i o n  
John A .  Dean 
1978 
07016191-7 



O p t i c a l  Mineralogy 
Kerr, P. F. 
1959 442p. 

Photogeo logy 
V i c t o r  C .  Miller 
1962 268p. 

P l a n t  and S o i l  Water R e l a t i o n s h i p s  
Pau l  J .  Kramer 
1969 416p. 

P r o d u c t i o n  o f  k i e l d  Crops 
Michael  S .  Kipps 
1970 790p. 

Range Land Management 
Harold  F .  Heady 
1975 460p. 

Range Management 
A r t h u r  Smith 
1975 532p. 

R u r a l  and Reg iona l  P l a n n i n g  
Wil l iam R .  Lassey 
1977 256p. 

S o i l s  and S o i l  F e r t i l i t y  
Thompson and Troek 
1972 

Vege tab le  Crops 
Thompson K e l l y  
1957 611p. 

Weed Biology and C o n t r o l  
Thomas J .  Muzick 
1970 256p. 



GROUP B 
American S o c i e t y  o f  Agronomy 

and 
S o i l  S c i e n c e  S o c i e t y  of America 

677 Segoe Road 
Madison, Wisconsin,  53711 U.S .A.  

A g r i c u l t u r a l  Anhydrous Ammonia 
Technology and U s e  

M . H .  McVihar 
1966 314p. 

Chemis t ry  i n  t h e  S o i l  Environment 
S p e c i a l  P u b l i c a t i o n  #40 ISBN 0-89118-065-6 

Rober t  H .  Dowdy e t .  A 1  
1981 259p. 

Crop T o l e r a n c e  t o  Subopt imal  Land C o n d i t i o n s  
G e r a l d  A.  Jung 
1978 343p. 

Drainage  of A g r i c u l t u r a l  Lands 
W . W .  But ion  
1957 

Drainage  f o r  A g r i c u l t u r e  
J .  Van S c h i l f g o v a d e  
1974 736p. 

F e r t i l i z e r  Technology and Use 
R . A .  Olson 
1971 411p. 

Forage  F e r t i l i z a t i o n  
D.A. Mays 
1973 621p. 

I n t r o d u c t i o n  t o  Crop P u b l i c a t i o n  
W.B. Ennis  Jr. 
1979 524p. 

I n s t r u m e n t a l  Methods of A n a l y s i s  of S o i l s  and P l a n t  T i s s u e  
L.M. Walsh 
1971 222p. 

I r r i g a t i o n  of  A g r i c u l t u r a l  Lands 
R.M. Hagen 
1947 1 1 8 0 ~ .  



Methods o f  S o i l  A n a l y s i s  V o l  I a n d  V o l  I1 
C . A .  B lack  
1 9 6 5  2  vo lumes  1572p .  

M i c r o n u t r i e n t s  i n  A g r i c u l t u r e  
J.J. Montvedt  
1972  666p. 

M i n e r a l o g y  i n  S o i l  S c i e n c e  a n d  E n g i n e e r i n g  
Kunze, G .W. ,  Cha i rman  
1 9 6 8  106p.  

M i n e r a l s  i n  S o i l s  Env i ronmen t s  
J . B .  Dixon 
1977  972p. 

M u l t i p l e  Cropp ing  
R . I .  Papend id  
1 9 7 7  384p. 

N i t r i f i c a t i o n  I n h i b i t o r s  - P o t e n t i a l s  a n d  L i m i t a t i o n s  
J.J. M e i s i n g e r  e t .  a l .  
ASA S p e c i a l  P u b l i c a t i o n  No.38 

N u t r i e n t  M o b i l i t y  i n  S o i l s :  Accumula t i on  a n d  L o s s e s  
O r v i s  P. E n g e l s t a d  
1970  81p.  

P e s t i c i d e s  i n  S o i l  a n d  Water 
W.O. Guenz i  
1 9 7 4  576p. 

P l a n t  Env i ronmen t  and  E f f e c t i v e  Water TJse 
W.H. P i e r r e  
1 9 6 6  295p. 

The  R o l e  o f  B i o l o g i c a l  N i t r o g e n  F i x a t i o n  i n  F o r a g e  
L i v e s t o c k  Sys tems  

C a r l  S .  Have land  
1 9 7 6  133p.  

T h e  R o l e  o f  Phosphorous  i n  A g r i c u l t u r e  
F.E. Khasawneh 
1980  928p. 

T h e  R o l e  o f  Po t a s sum i n  A g r i c u l t u r e  
W.S. K i l m e r  
1 9 6 8  509p. 

S o i l  C o n d i t i o n e r s  
W . C . Ma l d e n h a u e r  
1 9 7 5  186p.  



S o i l  f o r  Management of  Organics  
Wastes and Waste Water 

1977 627p. 

S o i l  N i t rogen  
W . V .  Bartholomew 
1965 615p. 

S o i l  Surveys  and Land U s e  P lanning 
L . J .  B a r t e l l i  
1966 196p. 

S o i l  T e s t i n g :  C o r r e l a t i n g  and I n t e r p r e t i n g  t h e  
A n a l y t i c a l  R e s u l t s  

T.R. Peck 
1977 127p. 

S o i l  T e s t i n g  and P l a n t  Ana lys i s  
Leo Walsh 
1973 491p. 

S o i l  Water 
D . R .  N ie l son  
197 175 p. 

T r a n s f e r r i n g  Technology f o r  Small S c a l e  Farming 
Noble R .  Usherwood e t . a l .  
ASA S p e c i a l  P u b l i c a t i o n  N o .  41 
ISBN 0-89118-066-4 

Water P o t e n t i a l  R e l a t i o n s  i n  S o i l  Microbiology 
J . F .  P a r r  e t . a l  
SSSA S p e c i a l  ~ u b l i c a t i o n  N o .  9 
ISBN 90-89118-767-7 

Un ive r sa l  S o i l  L o s s  Equation:  P a s t ,  P r e s e n t  
and F u t u r e  

A .E. Pe t e r son  
1979 54p. 



GROUP C 
John  Wiley and Sons ,  I n c .  
N e w  York, New York U .S . A .  

D a n a ' s  Manual o f  Minera logy  
H u r l b u t ,  C.S. 
1 9 7 1  579p. 

H i s t o r i c a l  Geology 
Dunbar,  C.O. 
1969  566p. 

M i n e r a l  N u t r i t i o n  o f  P l a n t s :  P r i n c i p l e s  and  
P e r s p e c t i v e s  

E p s t e i n ,  E.  
1972  412p. 

The  P h y s i c a l  C h e m i s t r y  and  Minera logy  o f  S o i l s  
V o l .  I1 S o i l s  i n  P l a c e  

C. Edmund M a r s h a l l  
1977  313p. 



GROUP D 
P r e n t i c e - H a l l  I n c .  

Englewood C l i f f s ,  New J e r s e y  U . S  . A .  

Farm Management Economics 
Heady, E.O. 
1961 645p. 

I n t r o d u c t i o n  t o  P e t r o l o g y  
Boyly ,  B. 
1968  391p. 

P h y s i c a l  Geology 
Leet ,  L.D. 
1971  687p. 



GROUP E 
Iowa S t a t e  U n i v e r s i t y  P r e s s  

So. S t a t e  Avenue 
A m e s ,  I o w a ,  50010 U.S.A. 

A Manual o f  S o i l  F u n g i  
J o s e p h  C .  Gilman 
1957  450p. 

E r o s i o n  a n d  Sed imen t  P o l l u t i o n  C o n t r o l  
R . P .  B e a s l e y  
1 9 7 2  320p. 

I n t r o d u c t i o n  t o  S o i l  Mechanics  
M .  Das Braja 
1 9 7 5  27Cp. 

S o i l  G e n e s i s  a n d  C l a s s i f i c a t i o n  
S . W .  Buol  
1980  404p. 



GROUP F 
The McMillan Company 

N e w  York, New York U.S.A. 

S o i l  F e r t i l i t y  and F e r t i l i z e r s  
Samuel T i s d a l e  
1966 

The Na tu re  and P r o p e r t i e s  o f  S o i l s  
Buckman, H . O .  
1960 567p. 



GROUP G 
W.H.  Freeman & Company 

600 Market S t r e e t  
San F r a n c i s c o ,  CA 94104 U.S .A.  

App l i ed  Animal N u t r i t i o n :  The Use o f  F e e d s t u f f s  
E.W. Crarnpton 
1967 753p. 

The C l i m a t e  Mandate 
W.O. Rober t s  
1979 197p. 

Crop Produc t ion :  P r i n c i p l e s  and P r a c t i c e s  
S.R. Chapman 
1976 566p. 

Elements  o f  Mineralogy 
B r i a n  Mason 
1972 344p. 

F l u v i a l  P r o c e s s e s  i n  Geomorphology 
L.B. Leopold 
1964  522p. 

Founda t ions  o f  Cl imatology 
E.T. S t r i n g e r  
1972 586p. 

Fundamentals  o f  P l a n t - P e s t  C o n t r o l  
D . A .  R o b e r t s  
1978  242p. 

Geology of  S o i l s ,  T h e i r  E v o l u t i o n ,  C l a s s i f i c a t i o n  and 
U s e s  

C h a r l e s  B.  Hunt 
1972 344p. 

H o r t i c u l t u r a l  S c i e n c e ,  T h i r d  E d i t i o n  
J .  J a n i c k  
1979 608p. 

I n t r o d u c t i o n  t o  F i n i t e  D i f f e r e n c e  and F i n i t e  
Element  Groundwater Models 

Herbert F. Wang 
1982 256p. 

I n t r o d u c t i o n  t o  L i v e s t o c k  P r o d u c t i o n  
H.H. C o l e  
1566 822p. 



Methods i n  F i e l d  Geo logy  
Moseley, F.  
1 9 8 1  211p.  

M i n e r a l o g y  
L.G. B e r r y  
1 9 5 9  630p.  

The  P e s t i c i d e  Book 
G.W. Ware 
1 9 7 8  197p.  

P r a c t i c a l  I n s e c t  P e s t  Management 
T.F.  Watson  
1 9 7 6  196p .  

P l a n t  S c i e n c e :  An I n t r o d u c t i o n  t o  World  C r o p s  
J. J a n i c k  
1 9 8 1  868p.  

R e m o t e  S e n s i n g :  P r i n c i p l e s  a n d  I n t e r p r e t a t i o n  
F .F .  S a b i n s  J r .  
1 9 7 8  926p.  

T e c h n i q u e s  o f  C l i m a t o l o g y  
E .T. S t r i n g e r  
1 9 7 2  539p.  

U n d e r s t a n d i n g  Our  A t m o s p h e r i c  Env i ronmen t  
M .  N e i b u r g e r  
1 9 8 1  381p.  

Water: A P r i m e r  
L.B. L e o p o l d  
1 9 7 4  122p .  

Water i n  E n v i r o n m e n t a l  P l a n n i n g  
T .  Dane 
1 9 7 8  818p .  



GROUP H 
Department of A g r i c u l t u r e  and 

Government P r i n t i n g  O f f i c e  
U .S . Department of  A g r i c u l t u r e  

Washington D . C .  20250 U.S.A. 

Adhes ives  i n  B u i l d i n g  C o n s t r u c t i o n ,  174-80 
USDA 1978 

Adobe Ranch House 175-80 
USDA 1979 

B u i l d i n g  w i t h  Adobe and S t a b i l i z e d  E a r t h  Blocks  179-80 
USDA 1972 

Caged Lay ing  House P l a n  Na6166 180-80 
USDA 1976 

C o n s t r u c t i n g  an E f f e c t i v e  A n t i c o y o t e  E l e c t r i c  Fence  
187-80 

USDA 1978 

C o n s t r u c t i n g  With S u r f a c e  Bonding 189-80 
USDA 1974 

R e p l e n i s h i n g  Underground Water S u p p l i e s  o f  t h e  Farm 
272-80 

USDA 1976 

Water Supply Sources  f o r  t h e  Farm S t e a d  and 
R u r a l  Home 275-80 

U S  DA 1971 

Environment Aspec t s  of  Water Spread ing  f o r  Ground 
Water Recharge 420-80 

USDA 1977 

Mulch T i l l a g e  i n  Modern Farming 439-80 
U SDA 1971 

Fences  f o r  t h e  Farm and Rura l  H o m e  197-80 
USDA 1971 

Founda t ions  f o r  Farm B u i l d i n g s  200-80 
USDA 1970 

H o r i z o n t a l  S i l o ,  T i l t  Up Below Grade, P l a n  N .  Degree 
6175 205-80 

US DA 1976 



Housing f o r  Migran t  Workers 209-80 
USDA 1970 

U s e  of C o n c r e t e  on t h e  Farm 241-80 
USDA 1975 

G r a s s  t h e  R a n c h e r ' s  Crop 821-80 
USDA 1967 

Improving C a t t l e  D i s t r i b u t i o n  on Western 
Mountain Range Lands 822-80 

U SDA 1965 

L i g h t  and P l a n t s :  A s e r i e s  of  exper imen t s  
d e m o n s t r a t i n g  l i g h t  e f f e c t s  on  g e r m i n a t i o n ,  p l a n t  
growth  and p l a n t  development  1192-80 

USDA 1966 

P l a n t  Morphogenesis as t h e  B a s i s  f o r  S c i e n t i f i c  
Management o f  Range Resources  1198-80 

USDA 1974 

I r r i g a t e d  P a s t u r e s  f o r  Forage  P r o d u c t i o n  and S o i l  
C o n s e r v a t i o n  1220-80 

USDA 1967 

L i n e a r  Theory o f  H y d r o l i c  Systems 1460-80 
USDA 19 7 3 

M a i n t a i n i n g  Water-Courses 1461-80 
USDA 1975 

Hydro log ic  Data  f o r  Exper imen ta l  A g r i c u l t u r a l  
Watersheds i n  t h e  US 1462-80 

USDA 1963 

M a i n t a i n i n g  S u b s u r f a c e  D r a i n s  1464-80 
U SDA 1972 

Know t h e  S o i l  You B u i l d  On 1454-80 
U SDA 1967 

Mulches f o r  Your Garden 1456-80 
USDA 1971 

S o i l  Dynamics i n  T i l l a g e  and T r a c t i o n  1457-80 
U SDA 1967 

S t u b b l e  Mulching i n  t h e  Nor thwes t  1458-80 
U SDA 1962 

Managing P u b l i c  Rangelands : E f f e c t i v e  l i v e s t o c k  
g r a z i n g  p r a c t i c e s  and sys tems f o r  n a t i o n a l  f o r e s t s  and 
n a t i o n a l  g r a s s l a n d s  823-80 

USDA 



Range management P r a c t i c e s :  I n v e s t m e n t  C o s t s  826-80 
U SDA 1972  

Growing P l a n t s  W i t h o u t  S o i l s  f o r  E x p e r i m e n t a l  
U s e  1187-80 

USDA 1972  

A r t i f i c i a l  R e f o r e s t a t i o n  P r a c t i c e s  f o r  t h e  S o u t h w e s t  
819-80 

USDA 1 9 7 0  

E c o l o g i c a l  R e s p o n s e s  o f  N a t i v e  P l a n t s  and  G u i d e l i n e s  
f o r  Management o f  S h o r t g r a s s  Range 819-80 

U SDA 1975  

R e s o u r c e s  R e q u i r e d  t o  E n t e r  G r a i n  Farming 1239-80 
USDA 1 9 7 7  

Growing Dates i n  t h e  U.S. 1266-80 
USDA 1 9 7 8  

P e s t s  a n d  Disease o f  t h e  Date Palm 1269-80 
USDA 1 9 7 8  

Growing V e g e t a b l e s  i n  t h e  Home Garden  1349-80 
U SDA 1 9 7 8  

C o n t r o l  a n d  Measurement  o f  I r r i g a t i o n  Water o n  t h e  
Farm 1462-80 

USDA 1 9 6 3  

S p r i n k l e r  I r r i g a t i o n  1472-80 
USDA 1 9 7 7  

D i a g n o s i s  a n d  Improvement  o f  S a l i n e  a n d  A l k a l i n e  
S o i l s  1451-80 

USDA 1 9 5 4  

Methods F o r  D e t e r m i n a t i o n  o f  I n o r g a n i c  S u b s t a n c e s  i n  
Water a n d  F l u v i a l  S e d i m e n t s  

S k o u g s t a d ,  M . W .  
1 9 7 9  626p. 

T e c h n i q u e s  of Water - R e s o u r c e s  I n v e s t i g a t i o n s  o f  t h e  
US G e o l o g i c a l  S u r v e y .  

U SDA Book 5  

G u i d e s  f o r  I n t e r p r e t i n g  E n g i n e e r i n g  Uses o f  S o i l s  
SCS USDA 1 
1 9 7 1  87p.  



GROUP I 
M i s c e l l a n e o u s  

F e r t i l i z e r s  a n d  S o i l  F e r t i l i t y  
U l y s s e s  S .  J o n e s  
1979  368p. 
R e s t o n  P u b l i s h i n g  C o . ,  
A P r e n t i c e - H a l l  Company 
Res ton ,  V i r g i n i a ,  U.S .A.  

E l emen ta ry  S u r v e y i n g  
Rayner ,  W .  H .  
1963  485p. 
P. Van N o s t r a n d  Company-Inc. 
P r i n c e t o n ,  New J e r s e y  U.S .A.  

E l e m e n t s  o f  X-Ray D i f f r a c t  i o n  
C u l l i t y ,  B.O. 
1956  514p. 
Addison-Wesley P u b l i s h i n g  C o .  
Reading ,  M a s s a c h u s e t t s  U .S . A .  

D i c t i o n a r y  o f  G e o l o g i c a l  Terms 
American G e o l o g i c a l  I n s t i t u t e  

. 1962 545p. 
Double  Day a n d  Company-Inc. 
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INTRODUCTION 

I 
permi t  
r e s u l t  
s o i l s  

n  t h e  middle of  t h i s  p r o j e c t ,  an  o p p o r t u n i t y  a r o s e  which 
t e d  Aboubaker Douale and J o s e p h  Goebel t o  p r e s e n t  t h e  
s o f  t h e i r  a p p l i c a t i o n s  o f  remote s e n s i n g  i n  do ing  t h e  
i n v e s t i g a t i o n s  f o r  a g r i c u l t u r a l  a s sessment .  

T h e s e  p a p e r s  were b o t h  p r e s e n t e d  i n  C a i r o ,  Egypt i n  J a n u a r y  
1982, a t  t h e  I n t e r n a t i o n a l  Symposium on Remote S e n s i n g  of  t h e  
Environment . 
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D r .  J o s e p h  E.  Goebel 

R e s o u r c e s  Development Associates 
D j i b o u t i ,  R e p u b l i c  o f  D j i b o u t i ,  Af r i c a  

ABSTRACT 

D j i b o u t i  i s  young, a r i d  and  dependen t  o n  o u t s i d e  
r e s o u r c e s .  I t  d e s i r e s  t o  es tab l i sh  a n  a g r i c u l t u r a l  
c a p a b i l i t y .  I t  is s e a r c h i n g  f o r  water i n  a q u i f e r s  and  as 
s u r f a c e  r u n o f f .  

The  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e v a l u a t e  a 
method f o r  i d e n t i f y i n g  n a t u r a l  w a t e r  c o n t a i n m e n t  s i t e s  i n  
wadi  c h a n n e l s  t h r o u g h  s y n e r g i s t i c  r e l a t i o n s h i p s  o f  remote 
s e n s i n g  t e c h n i q u e s  and  t r a d i t i o n a l  i n f o r m a t i o n  r e s o u r c e s .  
Wate r sheds  c o u l d  t h e n  be e v a l u a t e d  f o r  t h e i r  p r o d u c i n g  
a n d  water h o l d i n g  c a p a c i t i e s .  W e  l ooked  f o r  s i t e s  t o  
s tore  w a t e r  i n  t h e  wadi g r a v e l s  ups t r eam from n a t u r a l  dam 
s i tes  o f  r e s i s t a n t  impermeable  rock  .. 

The t h r e e  s o u r c e s  o f  i n f o r m a t i o n  u s e d  i n  t h i s  
s t u d y  w e r e :  a 1:-100,000 scale  t o p o g r a p h i c  map series;  
t w o  L a n d s a t  s c e n e s  o f  d i f f e r e n t  m o i s t u r e  c o n d i t i o n s ;  and  
a e r i a l  p h o t o g r a p h s .  The t h r e e  s t e p s  u s e d  i n  t h i s  
i n v e s t i g a t i o n  were: (1) l o c a t i n g  p o t e n t i a l  s i t e s  on  t h e  
t o p o g r a p h i c  map; ( 2 )  l o c a t i n g  a n d  r e c o g n i z i n g  c o n t a i n m e n t  
s i t e s  on  L a n d s a t  imagery ;  ( 3 )  t h e  most d e s i r a b l e  s i tes  
w e r e  c o n f i r m e d  by a e r i a l  p h o t o g r a p h  i n t e r p r e t a t i o n .  

T h e  best  r e s u l t s  i n  t h i s  s t u d y  w e r e  o b t a i n e d  by 
u s i n g  t h e  t o p o g r a p h i c  map i n  c o n j u n c t i o n  w i t h  a  L a n d s a t  
s c e n e  t a k e n  i n  t h e  d r y  s e a s o n  a n d  combin ing  bands  5-7 a n d  
5-4. 

A g r i c u l t u r a l  d e c i s i o n s  w i l l  be made q u i c k l y  and  
e c o n o m i c a l l y  b e c a u s e  o f  t h e  s p e e d ,  a c c u r a c y  and  
d e p e n d a b i l i t y  t h a t  i s  a c h i e v e d  by a p p l y i n g  s y n e r g i s t i c  
methods t o  t h e  i n t e r p r e t a t i o n  o f  a e r i a l  p h o t o g r a p h s ,  
t o p o g r a p h i c  maps and  m u l t i s p e c t r a l  imagery .  

* P r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  Symposium on  R e m o t e  S e n s i n g  o f  
Envi ronment ,  F i r s t  T h e m a t i c  Confe rence :  "Remote S e n s i n q  o f  A r i d  
a n d  Semi-Arid Lands" C a i r o ,  Egypt ,  November, 1981. 



INTRODUCTION 

D j i b o u t i  i s  a  young a r i d  c o u n t r y  f a c e d  w i t h  l o c a t i n q  a n d  
e s t a b l i s h i n g  a n  a g r i c u l t u r a l  r e s o u r c e  t o  r e d u c e  i t s  dependence  on 
i m p o r t e d  f o o d s t u f f s .  A s  i n  most  a r i d  a r e a s ,  a n  a d e q u a t e  amount 
o f  good  q u a l i t y  water i s  t h e  l i m i t i n g  f a c t o r  i n  a g r i c u l t u r a l  
deve lopmen t .    his s t u d y  w a s  u n d e r t a k e n  t o  i d e n t i f y  n a t u r a l  w a t e r  
c o n t a i n m e n t  s i tes on  w a t e r  c o u r s e s  o f  t he  w a d i s  ( t e m p o r a r y  r i v e r  
b e d s  ). T h i s  s h o u l d  l e a d  t o  d e v e l o p i n g  s u b s u r f a c e  w a t e r  s t o r a g e  
o f  s u r f a c e  d r a i n a g e  w a t e r s  which c a n  b e  c o n n e c t e d  w i t h  downstream 
p r o p o s e d  a g r i c u l t u r a l  p r o j e c t s .  The S a i d  w a t e r s h e d  w a s  s e l e c t e d  
f o r  t h i s  s t u d y  b e c a u s e  it is  r e p r e s e n t a t i v e  o f  t he  a r e a .  

An a c t i v e  program o f  a q u i f e r  i n v e s t i g a t i o n  i s  i n  p r o c e s s  
i n  D j i b o u t i .  To d a t e  mst  o f  t h e  a q u i f e r s  h a v e  shown h i g h  
c o n c e n t r a t i o n s  o f  sodium a n d  other e l e m e n t s  which  res t r ic t  i t s  
u s e  f o r  i r r i g a t i o n .  F u r t h e r ,  these a q u i f e r s  h a v e  somewhat l o w  
r e c h a r g e  rates a n d  t h e y  a r e  employed m o s t l y  f o r  u r b a n  and  
i n d u s t r i a l  w a t e r .  The known a q u i f e r s  o f t e n  are l i m i t e d  i n  
e x t e n t ,  o f t e n  n o t  n e a r  a g r i c u l t u r a l  l a n d  a n d  o f t e n  v e r y  deep .  I f  
a g r i c u l t u r e  i s  t o  b e  implemented ,  s u p p l e m e n t a l  s o u r c e s  o f  good 
q u a l i t y  w a t e r  w i l l  be needed .  

T h e  other s o u r c e  o f  w a t e r  i s  s u r f a c e  r u n o f f .  Because  o f  
t h e  m o u n t a i n o u s  and  y o u t h f u l  t e r r a i n  c o u p l e d  w i t h  h i g h  i n t e n s i t y  
storms, t y p i c a l  o f  a r i d  r e g i o n s ,  a n d  t h e  t h i n  so i l s  w i t h  s p a r s e  
v e g e t a t i o n ,  D j i b o u t i  h a s  a p o t e n t i a l l y  h i g h  p e r c e n t a g e  o f  
r a i n w a t e r  r u n o f f .  What i s  d e s i r e d  i s  r a p i d  s u r f a c e  w a t e r  
c o n t a i n m e n t  w i t h o u t  h i g h  e v a p o r a t i o n  losses d u e  t o  w a t e r  s u r f  a c e  
e x p o s u r e  a n d  s u b s e q u e n t  t i m e l y  d i s t r i b u t i o n  t o  i r r i g a t e d  f i e l d s .  

P a r t  o f  t h e  answer  o f  s u r f a c e  w a t e r  s t o r a g e  l i e s  i n  t h e  
n a t u r a l  d r a i n a g e  s y s t e m .  A l l  o f  t h e  c o u n t r y ' s  streams h a v e  
i n t e r m i t t e n t  s u r f a c e  f l o w s ,  and  many o f  them, i n  p a r t  or i n  
whole, h a v e  pe rmanen t  w a t e r  f l ow  i n  t h e  g r a v e l l y  wadi  s e d i m e n t s .  
L o c a l  s u b s u r f a c e  w a t e r  c o n t a i n m e n t  s i tes  o c c u r  i n  t h e  wadi  
whenever  a s u f f i c i e n t l y  r e s i s t a n t  impermeable  r o c k  u n i t  crosses 
t h e  c h a n n e l  a n d  creates a k n i c k - p o i n t  which  e s t a b l i s h e s  a b a s e  
l e v e l  f o r  t h e  water f l o w  c h a r a c t e r i s t i c s  u p s t r e a m .  T h i s  o f t e n  
r e s u l t s  i n  r e d u c i n g  t h e  g r a d i e n t  u p s t r e a m  c a u s i n g  t h e  s t r e a m  t o  
u n l o a d  a n d  f i l l  t h e  v a l l e y  w i t h  coarse s e d i m e n t s .  T h i s  t h e n  
becomes a h i g h - c a p a c i t y  water r e t a i n i n g  b a s i n  i f  t h e  f l o o r  o f  t h e  
v a l l e y  h a s  low p e r m e a b i l i t y .  Pho tos  N-2 a n d  N - 3  show a t y p i c a l  
n a t u r a l  dam s i t e .  

T h e  c o a r s e  s e d i m e n t s  and  r e d u c e d  g r a d i e n t  i n c r e a s e  t h e  
w a t e r  i n f i l t r a t i o n  d u r i n g  p e r i o d s  o f  r u n o f f .  A r e s i s t a n t  
impe rmeab le  k n i c k - p o i n t  s e r v e s  a s  a n a t u r a l  dam. A f t e r  a  f l o o d ,  
as t h e  w a t e r  c o n t i n u e s  f l o w i n g  t h r o u g h  t h e  g r a v e l s ,  t he  w a t e r  
b r e a c h e s  t h e  k n i c k - p o i n t  and  s u p p o r t s  w a t e r  f l o w  i n  the  wadi  
s u b s u r f a c e .  The a c t u a l  k n i c k - p o i n t  c a n  be d e e p l y  q r o o v e d  or 
c o v e r e d  by some meters o f  s t r e a m  l a g .  



Pho to  B a n h u a l e  i s  a  n a t u r a l  
N - 1 :  dam s i t e .  I t s  s p r i n g  
r e s u l t s  f rom f l o o d  w a t e r  e n t e r i n g  
t h e  wad i  c h a n n e l .  

P h o t o  T h i s  i s  a n  o r a n g e  t ree 
N-2: a l o n g  t h e  wadi  c h a n n e l .  
I t  i s  i r r i g a t e d  w i t h  w a t e r  f r o m  
t h e  B a n h u a l e  s p r i n g .  

P h o t o  D r .  Goebel  o f  R e s o u r c e s  Development  A s s o c i a t e s ,  on 
N - 3 :  t h e  l e f t  i s  p r e s e n t i n g  t h e  p r o f e s s i o n a l  p a p e r  on  

- 

n a t u r a l  dam s i tes  i n  D j i b o u t i  a t  a  r e m o t e  s e n s i n g  symposium 
i n  C a i r o ,  Egyp t .  
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T h i s  same c o n f i g u r a t i o n  of geology and s t r e a m  dynamics i s  
t h e  o n l y  c a u s e  and  e f f e c t  f o r  permanent  and i n t e r m i t t e n t  s p r i n g s  
i n  D j i b o u t i .  A s  would be e x p e c t e d  i n  t h i s  a r i d  c o u n t r y ,  t h e  
a v a i l a b l e  w a t e r  i s  l o c a l ,  t e m p o r a l  and  l i m i t e d .  Runoff t h u s  
r e p r e s e n t s  a s e r i o u s  l o s s  o f  l a r g e  q u a n t i t i e s  o f  good q u a l i t y  
w a t e r .  

The D j i b o u t i a n  nomads have  l e a r n e d  t o  a v a i l  t hemse lves  o f  
t h e s e  g e o l o g i c  c o n d i t i o n s  f o r  w a t e r  s o u r c e s .  Where t h e  l o c a l  
wadi watertable o c c u r s  w i t h i n  two meters t h e y  have  e s t a b l i s h e d  
t r a d i t i o n a l  hand-dug w e l l  s i tes.  Where t h e y  have  l o c a t e d  more 
permanent  s p r i n g s ,  t h e y  have  i r r i g a t e d  f r u i t  tees and  estab- 
l i s h e d  t r i b a l  h e a d q u a r t e r s .  The c a r t o g r a p h e r s  who made t h e  
1:100,000 s c a l e  t o p o g r a p h i c  map o f  t h e  c o u n t r y ,  r e c o r d e d  t h e s e  
w a t e r  s o u r c e s  and  i d e n t i f i e d  trees d i s t i n g u i s h i n g  them from bush.  
They a l s o  d e l i n e a t e d  t h e  v a l l e y  f l o o r  from t h e  s u r r o u n d i n g  
mountains .  Thus, v a l u a b l e  f i e l d  e v i d e n c e  h a s  been accumula ted  
and r e c o r d e d  t o  s u p p o r t  a  d e c i s i o n  abou t  t h e  o c c u r r e n c e  o f  
n a t u r a l  w a t e r  cona t inmen t  b a s i n s .  

The p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e v a l u a t e  a method f o r  
i d e n t i f y i n g  n a t u r a l  w a t e r  c o n t a i n m e n t  s i t es  i n  wadi c h a n n e l s  s o  
w a t e r s h e d s  c o u l d  be e v a l u a t e d  f o r  t h e i r  w a t e r  p roduc ing  and  water 
h o l d i n g  c a p a b i l i t i e s .  T h i s  k i n d  o f  problem is s u i t a b l e  t o  
m u l t i s p e c t r a l  a n a l y s i s .  I t  i s  a l s o  s u i t a b l e  f o r  a s y n e r g i s t i c  
method o f  i n v e s t i g a t i o n .  A s y n e r g i s t i c  method i n v o l v e s  a  s t u d y  
where  t h e  o b j e c t i v e  o f  t h e  i n v e s t i g a t i o n  c a n n o t  be a s s u r e d  o r  
v e r i f i e d  by any s i n g l e  s o u r c e  o r  t y p e  o f  i n f o r m a t i o n .  The u s e  of  
m u l t i p l e  s o u r c e s ,  each  w i t h  i t s  un ique  c o n t r i b u t i o n ,  w i l l  c l a r i f y  
t h e  o b j e c t i v e  enough t o  d e f i n e  it. T h i s  i s  o f t e n  a  method 
employed when d o i n g  m u l t i s p e c t r a l  a n a l y s i s .  

MATERIALS 

I n  t h i s  case, t h e r e  were t h r e e  s y n e r g i s t i c  s o u r c e s  o f  
i n f o r m a t i o n .  One s o u r c e  w a s  L a n d s a t  images w i t h  t h e i r  p i c t o r a l  
q u a l i t y  and s p e c t r a l  r e s o l u t i o n .  Comparing s p e c t r a l  bands 
p e r m i t s  t h e  r e c o g n i t i o n  o f  g r w i n g  v e g e t a t i o n  and i t s  i m p l i e d  
w a t e r  p r e s e n c e  i n  t h e  r o o t  zone. The l a r g e r  the  v e g e t a t i o n  
presumably t h e  d e e p e r  t h e  r o o t  zone  and  t h e  l o n g e r  t h e  a v a i l -  
a b i l i t y  o f  w a t e r .  The p i c t o r a l  q u a l i t y  enhanced t h e  wadi 
c o n f i g u r a t i o n .  F u r t h e r ,  two t e m p o r a l  p e r i o d s ,  w e t  v e r s u s  d r y  
c o n d i t i o n s ,  were employed t o  bet ter  d e f i n e  v e g e t a t i o n  and 
geomorphology needed f o r  s i t e  i n t e r p r e t a t i o n s .  

Two L a n d s a t  s c e n e s  w e r e  used.  One was t a k e n  on 27  J u l y  
1973 (1369-06563),  which r e p r e s e n t e d  t h e  dry p e r i o d .  The  o t h e r  
s c e n e  w a s  4 November 1978 (39244-06460),  which r e p r e s e n t e d  t h e  
wetter p e r i o d .  Both t h e  p o s i t i v e  and  n e g a t i v e ,  1: 100,000 scale,  
b lack-and-whi te  f i l m s  w e r e  a c q u i r e d  f o r  a l l  f o u r  bands  on b o t h  
s c e n e s .  The s t a n d a r d  f a l s e  c o l o r  compos i t e  p a p e r  p r i n t ,  a t  
1: 1 ,000 ,000  s c a l e ,  w a s  a lso used .  C o l o r  d i a z o  p r i n t s  o f  r e d  f o r  
band 5  and  b l u e  f o r  bands 6  and  7  were produced f o r  c o l o r  v i s u a l  
enhancement.  Band 4  w a s  u s e d  i n  black-and-white .  



A n o t h e r  i n f o r m a t i o n  s o u r c e  u s e d  was t h e  l : l O O , O O O  s c a l e  
t o p o g r a p h i c  map o f  t h e  r e g i o n .  T h i s  map s u p p l i e d  e v i d e n c e  o f  
a c t u a l  w a t e r  w i t h i n  t w o  meters o f  t h e  s u r f a c e  a t  w e l l  s i t es  a n d  
s p r i n g s .  I t  a l s o  i n d i c a t e d  g r o v e s  o f  trees i n  a  n e a r b y  t reeless  
a r e a .  T h i s  i s  i m p o r t a n t  b e c a u s e  trees c a n  t a p  w a t e r  d e e p e r  t h a n  
m o s t  p l a n t s .  E v i d e n c e  of v i g o r o u s  t rees i n  t h e  w a d i s  d u r i n g  t h e  
d r y  s e a s o n  would be e v i d e n c e  o f  w a t e r  a v a i l a b i l i t y  and  t h u s  
c o n f i r m a t i o n  of an  a c t i v e  w a t e r  c o n f i n e m e n t  b a s i n .  T h i s  map 
series a l s o  h a s  t h e  wadi  bed  c o n f i g u r a t i o n .  T h i s  i s  h e l p f u l  i n  
r e c o g n i z i n g  t h e  c h a n n e l  dynamics  a n d  v a l l e y  f l o o r  c o n f i g u r a t i o n  
b r o a d e n i n g  a n d  c o n s t r i c t i n g  o n  a  map where  t h e  c o u n t o u r  i n t e r v a l  
i s  100  meters. The  c o n t r a c t i o n s  i n  t h e  c h a n n e l s  o c c u r  be tween  
t h e  s t e e p e r  g r a d i e n t  below t h e  k n i c k - p o i n t ,  o r  p o i n t  o f  g r e a t e s t  
r e s i s t a n c e  t o  e r o s i o n ,  a n d  t h e  b r o a d  a r e a  o f  l e s s e r  g r a d i e n t  
u p s t r e a m  which  c o n t a i n s  t h i c k  d e p o s i t s  o f  s a n d s  a n d  g r a v e l s .  
T h e s e  s a n d s  and  g r a v e l s  f i l l  t h e  p o t e n t i a l  n a t u r a l  w a t e r  
c o n t a i n m e n t  b a s i n  a n d  s e r v e  as a n  a q u i f e r .  F u r t h e r  t h e  l and fo rms  
a r e  r e p r e s e n t e d  by t h e  e l e v a t i o n  c o n t o u r  l i n e  c o n f i g u r a t i o n s .  
The  r e c o g n i t i o n  of t h e  s h a p e  o f  t h e  h i l l s  a s s i s t  i n  i d e n t i f y i n s  
r e s i s t a n t  r o c k  which are p r o b a b l y  c a u s e s  o f  the k n i c k - p o i n t  t h a t  
creates t h e  w a t e r  c o n a t i n m e n t  s i tes .  T h i s  k i n d  o f  e v i d e n c e  f o r  a 
n a t u r a l  dam a t  t h e  k n i c k - p o i n t  i s  a l s o  p r o d u c e d  by g e o l o g i c  
c o n d i t i o n s  wh ich  a r e  n o t  s u f f i c i e n t  t o  p r o d u c e  a  b a r r i e r  t o  
s u b s u r f a c e  wadi  f l ow  t h a t  c a n  r e s u l t  i n  a c o n t a i n m e n t  b a s i n .  
O t h e r  e v i d e n c e  i s  needed  t o  v e r i f y  t h e  l ong - t e rm e x i s t e n c e  o f  
w a t e r  i n  t h e  c o n t a i n m e n t  b a s i n .  

The map u s e d  was a C a r t e  D e  La C o t e  F r a n c a i s e  d e  S o m a l i s  
a u  1 :100 ,000;  Te r r i to r i e  F r a n c a i s e  D e s  A f a r s  e t  D e s  I s s a s :  
I n s t i t u t e  G e o g r a p h i c  n a t i o n a l ,  136 b i s ,  Rue d e  G r e n e l l e ,  P a r i s  
(V113). Those  p a r t s  o f  t h e  map s p e c i f i c a l l y  a d d r e s s e d  were: the 
hand-dug w e 1 1  symbols ,  t h e  s p r i n g  symbols ,  the t r e e  t y p e  
v e g e t a t i o n  symbols ,  t h e  d r a i n a g e  ne twork  a n d  t h e  e l e v a t i o n  
c o n t o u r s .  Each p a r t  made i t s  s y n e r g i s t i c  c o n t r i b u t i o n  t o  t h e  
i d e n t i f i c a t i o n  o f  n a t u r a l  water c o n t a i n m e n t  s i tes.  

A t h i r d  s o u r c e  o f  i n f o r m a t i o n  w a s  a e r i a l  p h o t o g r a p h s  a t  
1 : 2 5 , 0 0 0  scale. T h e s e  were u s e d  t o  v e r i f y  t h e  e v i d e n c e  
p r e v i o u s l y  u s e d  t o  e s t a b l i s h  s e l e c t e d  s i tes .  T h e s e  s tereo 
p h o t o g r a p h s  p e r m i t t e d  r e c o g n i t i o n  o f  v e g e t a t i o n ,  l a n d  f o r m  and  
s t r e a m  c o n f i g u r a t i o n  u s e d  t o  e s t a b l i s h  a water c o n t a i n m e n t  s i t e .  
As a  r e s u l t ,  t h e  number o f  places selected f o r  o n - s i t e  i n v e s t i -  
g a t i o n  f o r  g e o l o g i c a l  a n d  e n g i n e e r i n g  c h a r a c t e r i s t s  are 
a p p r o p r i a t e l y  r educed .  

METHODS 

T h r e e  steps were u s e d  i n  t h i s  i n v e s t i g a t i o n .  F i r s t ,  
p o t e n t i a l  sites were located by i n t e r p r e t a t i o n  o f  t h e  t o p o g r a p h i c  
m a p .  Second ,  t h e s e  sites were l o c a t e d  o n  t h e  L a n d s a t  imagery  f o r  
c o n f i r m a t i o n  by e v i d e n c e  o n  t h e  images  a n d  p r o j e c t e d  t o  
p r e v i o u s l y  u n i d e n t i f i e d  sites.  T h i r d ,  t h e  most  d e s i r a b l e  s i t e s  
w e r e  c o n f i r m e d  by ae r i a l  p h o t o g r a p h  i n t e r p r e t a t i o n .  



P o t e n t i a l  w a t e r  c o n t a i n m e n t  b a s i n s  w e r e  l o c a t e d  on  a  map 
d e r i v e d  a t  t h e  same s c a l e  a s  t h e  t o p o g r a p h i c  map. The hand-duq 
w e l l s  a n d  s p r i n g s ,  d r a i n a g e  c o n f i g u r a t i o n s  and  t h e  n a t u r a l  dam 
s i t e s  a t  k n i c k - p o i n t s  were i d e n t i f i e d  a n d  l o c a t e d  on t h i s  map. 
T h i s  map was r e d u c e d  t o  t h e  s c a l e  o f  t h e  images .  

T h e  L a n d s a t  images  were i n t e r p r e t e d  b a s e d  o n  t h e  p i c t o r a l  
c o n d i t i o n s  o f  t h e  s i t es  l o c a t e d  by t h e  t o p o g r a p h i c  map. T h i s  
same p i c t o r a l  e v i d e n c e  was t h e n  p r o j e c t e d  t o  t h e  rest o f  t h e  
image t o  l o c a t e  o t h e r  s i t es  n o t  i d e n t i f i e d  on  t h e  t o p o g r a p h i c  
map. 

S e v e r a l  c o m b i n a t i o n s  o f  MSS b a n d s  f o r  t w o  s e a s o n s  were 
s y s t e m a t i c a l l y  compared t o  t h e  s i t es  e s t a b l i s h e d  by t h e  
i n f o r m a t i o n  from t h e  t o p o g r a p h i c  map. The image c o m b i n a t i o n s  
u s e d  i n  t h i s  s t u d y  w e r e  a s  f o l l o w s :  f o r  Band 5 a  r e d  p o s i t i v e  
d i a z o  p r i n t  was u sed .  F o r  Band 4  a  s t a n d a r d  b l a c k  p o s i t i v e  f i l m  
p r i n t  was u sed .  F o r  Bands 6 a n d  7  a  b l u e  p o s i t i v e  d i a z o  p r i n t  
was  u sed .  The November 4 ,  1978  s c e n e  was c o n s i d e r e d  t h e  w e t t e r  
of t h e  t w o  s c e n e s .  Band 5 r e d  p o s i t i v e  d i a z o  was e v a l u a t e d  a l o n e  
w i t h  d i s c o u r a g i n g  r e s u l t s  and  n o  o t h e r  s i n g l e  bands  w e r e  
e v a l u a t e d .  A Band 4  b l a c k  n e g a t i v e  was i n t r o d u c e d  i n t o  
c o m b i n a t i o n  w i t h  Bands 5 a n d  7  a n d  was too d a r k  t o  i n t e r p r e t .  
The  r e s u l t s  a r e  no  i n c l u d e d .  W e  a l s o  u s e d  a  s t a n d a r d  FCC p a p e r  
p r i n t .  

Band 5 o f  J u l y  was combined w i t h  Band 4,  6 a n d  7  o f  J u l y  and  
4,  6 and  7  o f  November. Band 5  o f  November was combined w i t h  
Bands 4, 6 a n d  7  o f  November and  Bands 4 ,  6 a n d  7  o f  J u l y .  The 
m o s t  u s e f u l  band  c o m b i n a t i o n  w e r e  d e t e r m i n e d  by t h e i r  h i g h  
p r e d i c t a b i l i t y  o f  w a t e r  c o n t a i n m e n t  b a s i n s .  

A 1 :100 ,000  s c a l e  map was made o f  t h e  s i t es  l o c a t e d  by t h e  
m o s t  p r e d i c t i v e  band  c o m b i n a t i o n s .  

A e r i a l  p h o t o g r a p h s  o f  t h e  s e l e c t e d  s i tes  w e r e  i n t e r p r e t e d  t o  
d e t e r m i n e  t h e  f i n a l  s i t e  s e l e c t i o n  fo r  f i e l d  i n v e s t i g a t i o n .  

RESULTS 

T h e  e v a l u a t i o n  o f  L a n d s a t  images  f o r  t w o  s e a s o n s ,  s u p p o r t e d  
by i n f o r m a t i o n  on t h e  t o p o g r a p h i c  map, r e s u l t e d  i n  s e l e c t i n g  t h e  
best remote s e n s i n g  m a t e r i a l s  f o r  n a t u r a l  w a t e r  c o n t a i n m e n t  s i t e  
i d e n t i f i c a t i o n  a n d  e s t a b l i s h e d  t h e  m o s t  l i k e l y  s i tes  f o r  
deve lopmen t  . 

Table I t a b u l a t e s  t h e  r e s u l t s  o f  t h e  i n t e r p r e t a t i o n s .  
F i g u r e  1 is a  p h o t o i n t e r p r e t i v e  map o f  t h e  c h a n n e l s  and  t e r r a c e s  
a s s o c i a t e d  w i t h  t h e  dam sites. T h e  s i tes  l o c a t e d  by t h e  
t o p o g r a p h i c  map and  r e c o g n i t i o n  o f  a  s i t e  t h r e e  o r  more t i m e s  on 
t h e  imagery  e s t a b l i s h e d  t h e  s t a n d a r d  for  compar i son  be tween  band 
c o m b i n a t i o n s .  A t o t a l  of 165 si tes were r e c o g n i z e d .  The 
t o p o g r a p h i c  map h a d  125 s i t e s  a n d  6 s i tes  were n e v e r  r e c o g n i z e d  
i n  any image i n t e r p r e t a t i o n .  T h i s  l e f t  119  g round  t r u t h  s i tes.  
T h e r e  w e r e  159  s i t es  i n t e r p r e t e d  o n  t h e  images  i n c l u d i n g  40 s i tes  



Note t 3 = 3uly 27, 1973; N = Novnmber 4, 1978; b = band. 
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n o t  i d e n t i f i e d  on t h e  t o p o g r a p h i c  map. T h e r e  may have  been 
untapped w a t e r  s o u r c e s  o c c u r r i n g  t o o  deep o r  n o t  needed f o r  
l i v e s t o c k  w a t e r .  There  were  60 n a t u r a l  dam s i tes  p r e d i c t e d .  
T h e r e  were 6 5  hand-dug w e l l  s i t es  recorded .  The number o f  s i t es  
o c c u r r i n g  o n l y  once  o r  twice was 69.  The number of s i t e s  
o c c u r r i n g  mre t h a n  t h r e e  t i n e s  was 90. 

The  November Band 5 and t h e  J u l y  Band 7 ( N b 5 J b 7 )  was t h e  
m o s t  s u c c e s s f u l  combinat ion  i n  p r e d i c t i n g  n a t u r a l  w a t e r  
conta inment  s i t e s .  T h i s  combinat ion i d e n t i f i e d  70 s i tes  w i t h  50 
o c c u r r i n g  more t h a n  t h r e e  t i m e s  and 52 c o r r e ~ ~ m n d i n g  t o  hand-dug 
w e l l s  and n a t u r a l  dam si tes.  

These  r e s u l t s  w e r e  c l o s e l y  fo l lowed  by November Band 5 and 
+ November Band 4 ( ~ b 5 - ~ b 4 ) .  T h i s  combinat ion  i d e n t i f i e d  69 s i tes  

h a v i n g  61  s i tes  i n  common w i t h  t h e  t o p o g r a p h i c  map and 56 s i t e s  
r e c o g n i z e d  more t h a n  t h r e e  t i m e s  i n  t h e  s t u d y .  Combining t h e s e  
t h r e e  bands (Nb5-Jb7 and ~ b 5 - ~ b 4 )  92 s i tes  w e r e  i d e n t i f i e d  w i t h  
8 2  s i tes  conf i rmed by t h e  t o p o g r a p h i c  map and 74  s i t e s  o c c u r r e d  
more t h a n  3 t i m e s  i n  t h e  s t u d y .  T h i s  r e p r e s e n t s  75% o f  t h e  s i tes  
on t h e  t o p o g r a p h i c  map and 58% o f  a l l  o f  t h e  s i tes .  Combining 
t h r e e  bands i s  bet ter  t h a n  combining t w o  bands.  But  i n  t h i s  
c a s e ,  it r e s u l t s  i n  t h e  u s e  of  t w o  s c e n e s  t a k e n  a t  d i f f e r e n t  
t i m e s  and r e q u i r e s  t empora l  r e g i s t r a t i o n  which i s  complex and 
expens ive .  

I f  November Bands 4, 5  and 7 a r e  combined i n  t h e  groups  
Bands 5 a n d  4 compared t o  Bands 5 and 7 (Nb5-Nb4 and ~ b 5 - N b 7 )  96 
s i tes ,  or 58% o f  t h e  t o t a l  a r e  i d e n t i f i e d .  These  i n c l u d e  71 
s i t e s  o c c u r r i n g  on t h e  t o p o g r a p h i c  map, o r  57%, and 69 s i tes  
o c c u r r i n g  more t h a n  t h r e e  times i n  t h e  s t u d y .  T h i s  r e q u i r e s  o n l y  
o n e  s c e n e  and combining t h r e e  bands.  

A s t a n d a r d  p a p e r  FCC image of  t h e  J u l y  27, 1973 s c e n e  was 
e v a l u a t e d  w i t h  f a v o r a b l e  r e s u l t s .  I t s  i n t e r p r e t a t i o n  y i e l d e d  
from one-half  t o  two- th i rds  the  best r e s u l t s  o f  t h e i r  band 
combina t ions .  

CONCLUSIONS 

The v i s u a l  i n t e r p r e t a t i o n  o f  t h e  L a n d s a t  imagery a s s i s t e d  i n  
t h e  geomorphic and g e o l o g i c  i n t e r p r e t a t i o n .  T h i s  conf i rmed o r  
d e n i e d  s i m i l a r  s i t es  i d e n t i f i e d  on t h e  t o p o g r a p h i c  map. 
Combining t h e  i n f o r m a t i o n  a b o u t  hand-dug w e l l  s i tes ,  s p r i n g s ,  
v e g e t a t i o n  and landform o b t a i n e d  from t h e  t o p o g r a p h i c  map w i t h  
s e l e c t e d  MSS bands from Lands a t  s i g n i f i c a n t l y  i n c r e a s e d  t h e  
number of s i t es  and t h e  accuracy  of  t h e i r  i d e n t i f i c a t i o n  compared 
t o  t h e  u s e  of  t h e s e  m a t e r i a l s  s i n g u l a r l y .  The number of p o s s i b l e  
w a t e r  conta inment  s i t es  was g r e a t l y  reduced i n  t h i s  p rocedure .  
Thus fewer  s i tes  r e q u i r e d  a e r i a l  p h o t o g r a p h i c  i n t e r p r e t a t i o n .  

Now t h a t  t h i s  p rocedure  h a s  been e s t a b l i s h e d ,  it w i l l  be 
a p p l i e d  t o  a nearby wa te r shed  where a  p r o j e c t  i s  b e i n g  c o n s i d e r e d  
t o  m d i f y  t h e  n a t u r a l  s u b s u r f a c e  water f low i n  o r d e r  t o  i n c r e a s e  
t h e  s u b s u r f a c e  w a t e r  s t o r a g e  c a p a c i t y  of  t h e  n a t u r a l  w a t e r  



con ta inment  b a s i n s .  T h i s  w a t e r  w i l l  t h e n  be u s e d  f o r  l o c a l  
i r r i g a t i o n  o r  channe led  downstream t o  more a p p r o p r i a t e  
a g r i c u l t u r a l  s o i l s .  

A g r i c u l t u r a l  development d e c i s i o n s  w i l l  be made by t h e  
R e p u b l i c  of D j i b o u t i  q u i c k l y  and economica l ly  because  o f  t h e  
s p e e d ,  a c c u r a c y ,  and d e p e n d a b i l i t y  t h a t  i s  a c h i e v e d  by a p p l y i n g  
s y n e r g i s t i c  methods t o  t h e  i n t e r p r e t a t i o n s  of  a e r i a l  photographs ,  
t o p o g r a p h i c  maps and m u l t i s p e c t r a l  imagery.  



APPENDIX - N-2 

AGRICULTURAL RESOURCE ASSESSMENT 

I N  TROPICAL A R I D  DJIBOUTI - 

M r .  Aboubaker Douale 
D r .  J o s e p h  E. Goebel  

S o i l  and Water A n a l y s i s  Labora to ry  
D j i b o u t i ,  D j i b o u t i ,  A f r i c a  

ABSTRACT 

D j i b o u t i  i s  a  new s m a l l  c o u n t r y  on t h e  c o a s t  
o f  h o t  a r i d  n o r t h e a s t  A f r i c a .  The geology i s  
mos t ly  e r u p t i v e  v o l c a n i c  r o c k s  and sandy and 
g r a v e l l y  s o i l s .  The government e s t a b l i s h e d  a  s o i l  
and w a t e r  a n a l y s i s  l a b o r a t o r y  f o r  t h e  a n a l y s i s  and 
i n v e n t o r y  of t h e  s o i l s  and w a t e r  r e s o u r c e s  and t o  
p r o v i d e  t e c h n i c a l  a s s i s t a n c e  t o  r ange  and 
a g r i c u l t u r a l  development.  F i e l d  i n f o r m a t i o n  was 
g a t h e r e d  on t h e  b a s i s  of random sample  s i tes  of one 
s q u a r e  k i l o m e t e r  each.  Each s i t e  was v i s i t e d ,  
d e s c r i b e d  and sampled t o  p r o v i d e  t h e  f i e l d  e v i d e n c e  
o f  t h e  s o i l s  t o  make a  s o i l s  map. T h i s  i n f o r m a t i o n  
was t r a n s f e r r e d  o n t o  t h e  1: 100,000 s c a l e  
t o p o g r a p h i c  map and a  more d e t a i l e d  s o i l  map was 
g e n e r a t e d .  The u s e  of Landsa t  imagery s u c c e s s f u l l y  
e x p e d i t e d  t h e  p r o d u c t i o n  of an a c c u r a t e  s o i l s  map 
f o r  making p r e d i c t i o n s  and p l a n s  f o r  e s t a b l i s h i n g  
a n  a g r i c u l t u r a l  c a p a b i l i t y  and good range  
management p r a c t i c e s  i n  t h e  c o u n t r y .  

* P r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  Symposium on Remote Sens ing  of 
Environment,  F i r s t  Thematic  Conference:  "Remote S e n s i n g  of Arid 
a n d  Semi-Arid Lands : Cai ro ,  Egypt, November, 1981. 



ENVIRONMENT 

GEOLOGY 

The  R e p u b l i c  o f  D j i b o u t i  i s  l o c a t e d  i n  t h e  n o r t h e a s t  h o r n  o f  
A f r i c a  be tween  L a t i t u d e s  11 d e g r e e s  a n d  1 2  d e g r e e s  N o r t h  a n d  
L o n g i t u d e s  42 d e g r e e s  a n d  42 d e g r e e s  3 0 '  E a s t .  I t  l i es  i n  t h e  
A f a r  t r i a n g l e  a n d  i s  p a r t  o f  t h e  A f r i c a n  R i t t  V a l l e y .  Most o f  it 
i s  composed o f  basic i n g n e o u s  r o c k s ,  e x c e p t  f o r  a na r row c o a s t a l  
p l a i n  i n  t h e  east .  Most u p l a n d s  are c o v e r e d  w i t h  c o a r s e  d e s e r t  
pavemen t s  which o f t e n  o v e r l i e  f r i a b l e  so i l s .  

CLIMATE 

The who le  t e r r i t o r y  o f  D j i b o u t i  i s  a r id ic .  On t h e  c o a s t a l  
p l a i n  t h e  a n n u a l  r a i n f a l l  i s  100-150 mm p e r  y e a r  m o s t l y  o c c u r r i n g  
i n  t h e  w i n t e r .  E l s e w h e r e  p r e c i p i t a t i o n  o c c u r s  d u r i n g  t h e  summer 
a s  h e a v y  shower s .  T h e r e  i s  a  t o p o g r a p h i c  r ise  i n  the n o r t h e r n  
p a r t  o f  t h e  c o u n t r y  whe re  r a i n f a l l  i n c r e a s e s  w i t h  e l e v a t i o n  up  
t o ,  b u t  d o e s  n o t  e x c e e d  350 mm p e r  y e a r .  I t  s h o u l d  be n o t e d  t h a t  
o n  s i m i l a r  l a n d  i n  N o r t h  Yemen, d r y l a n d  a g r i c u l t u r e  i s  p r a c t i c e d  
o n l y  w h e r e  p r e c i p i t a t i o n  exceeds  40  mm p e r  y e a r .  

D u r i n g  a l l  t h e  months o f  t h e  y e a r ,  e v a p o r a t i o n  f a r  e x c e e d s  
p o t e n t i a l  r a i n f a l l .  I r r i g a t i o n ,  w i t h o u t  p r o p e r  wash ing ,  w i l l  
a l w a y s  c a u s e  s a l t  a c c u m u l a t i o n .  

SOILS 

Most d a t a  a v a i l a b l e ,  i n c l u d i n g  t h i s  s u r v e y ,  show t h e  so i l s  
a re  g e n e r a l l y  i m p r e g n a t e d  w i t h  c a r b o n a t e s .  P e r m e a b i l i t y ,  s l o p e ,  
t e x t u r e  and  d e p t h  w i l l  be t h e  major c r i t e r i a  t o  e v a l u a t e  t h e  
c a p a b i l i t y  o f  t h e  soils t o  s u p p o r t  i r r i g a t e d  a g r i c u l t u r e .  There 
a re  p r e s e n t l y  a few s c a t t e r e d  i r r i g a t e d  g a r d e n s  i n d i c a t i n g  t h a t  
i r r i g a t e d  a g r i c u l t u r e  i s  t e c h n i c a l l y  possible i n  C j i b o u t i .  T h i s  
s o i l  s u r v e y  w i l l  h a v e  t o  i n d i c a t e  s i t es  where  optimum u t i l i z a t i o n  
o f  t h e  s c a r c e  water r e s o u r c e s  c a n  be a c h i e v e d .  P h o t o s  N-4 
t h r o u g h  N - 1 1  show some o f  t h e  a g r i c u l t u r a l  c o n d i t i o n s  o f  
D j i b o u t i .  

SOILS AND WATER LABORATORY 

Many p e o p l e  o f  t h e  R e p u b l i c  o f  D j i b o u t i  are nomadic  a n d  l i v e  
f rom t h e  p r o d u c t s  o f  h e r d s  o f  g o a t s  a n d  s h e e p .  Around s h a l l o w  
hand-dug w e l l s  many areas are o v e r g r a z e d  a n d  h u n g e r ,  n o t  t h i r s t ,  
h a s  d e v a s t a t e d  many communi t i e s  i n  t h e  p a s t .  

D j i b o u t i  re l ies  o n  n e i g h b o r i n g  c o u n t r i e s  f o r  a g r i c u l t u r a l  
p r o d u c t s .  Land e v a l u a t i o n  a n d  mapping a t  a n  a p p r o p r i a t e  s c a l e  
w i l l  ass is t  i n  t h e  d e t e r m i n a t i o n  o f  t h e  a g r i c u l t u r a l  c a p a c i t y  and 
r a n g e l a n d  c a r r y i n g  c a p a c i t y  o f  a l l  o f  t h e  so i l s .  I t  w i l l  a l s o  
a s s i s t  i n  t h e  s e l e c t i o n  o f  s i tes  a n d  t h e  s p a c i n g  o f  d r i l l e d  dug 
w e l l s .  



h o t 0  T h i s  s t u d y  was done  t o  
- 4 :  improve  a n d  expand Palm 
~ d e n s  l i k e  t h i s  o n e  i n  Houmbouli 

P h o t o  T h i s  i s  t h e  b e g i n n i n g  o f  
N-5: t h e  Houmbouli d e l t a  
r e c o g n i z e d  o n  s p a c e  imagery  

loto S o i l s  l i k e  t h i s  f l o o d e d  P h o t o  The n a t u r a l  dam i n  t h e  
-6 : Grand B a r a  s o i l  was found  N - 7 :  background  c o n t a i n s  t h e  

o b e  s u i t a b l e ,  w i t h  p r o p e r  management, w h i t e  g r a v e l s  which  s tore w a t e r  
qr a g r i c u l t u r e .  The e x t e n t  o f  t h i s  a f t e r  f l o o d i n g  

l i l  i s  d e t e r m i n e d  a c c u r a t e l y  on  s p a c e  
magery . 
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I1ho t:o 'l'llis i s  t h e  A t a r  p r o j e c t  
N - 8 :  s t a r t c d  t o  r e l o c a t e  t h e  
c l i  s p o s s c s s ~ ( 1 .  The w e l l  w a t e r  i s  
s a l t y  and  h i g h  i n  b o r o n .  

P h o t o  When it r a i n s  t h e  
N-10: v e g e t a t i o n  i s  l u s h .  
T h i s  i s  w h a t  s u p p o r t e d  t h e  
nomads. 

P h o t o  T h i s  s o i l  i s  
N-9 : n o t  s a l t y  a s  
was s u s p e c t e d  f o r  y e a r s  
b e f o r e  t h i s  s t u d y .  

1 5  
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P h o t o  T h i s  i s  a  s m a l l  g a r d e n  
- 1 :  i n  Hournbouli b u i l t  b y  a n  
a m b i t i o u s  nomad by  hand .  N o t e  
t h e  w e l l  r i g h t  o f  c e n t e r .  



Upon independence  D j i b o u t i  found it n e c e s s a r y  t o  have  more 
independen t  a g r i c u l t u r a l  c a p a b i l i t y  and d e c i d e d  t o  a s s e s s  
n a t i o n a l  a g r i c u l t u r a l  and w a t e r  p o t e n t i a l .  A s o i l s  and w a t e r  
l a b o r a t o r y  was e s t a b l i s h e d  t o  i d e n t i f y ,  l o c a t e  and  e v a l u a t e  
s u i t a b l e  a g r i c u l t u r a l  a r e a s .  We used  remote s e n s i n g  t e c h n i q u e s  
t o  r e a c h  o u r  o b j e c t i v e s  q u i c k l y  and a c c u r a t e l y .  

GENERAL APPROACH 

A t  t h e  b e g i n n i n g  o f  t h i s  p r o j e c t ,  b e f o r e  any f i e l d  work, we 
made a p r e l i m i n a r y  s o i l s  map based  on t h e  1:200,000 s c a l e  
g e o l o g i c a l  map and t h e  t o p o g r a p h i c  map a t  t h e  same s c a l e .  T h i s  
map gu ided  u s  i n  t h e  d e t e r m i n a t i o n  o f  t h e  s o i l s  i n  t h e  f i e l d .  
Then w e  drew a h a l f  p e r c e n t  random sample t o  e s t a b l i s h  ground 
t r u t h  and d e s c r i b e  and sample t h e  s o i l s  t o  d e f i n e  g e n e r a l  s o i l  
r e s o u r c e s .  Each sample  s i t e  was o n e  s q u a r e  k i l o m e t e r  e s t a b l i s h e d  
by t h e  m e r c a t o r  g r i d  sys tem.  W e  v i s i t e d  each  sample s i t e .  We 
d e s c r i b e d  and sampled t h e  j abor  s o i l s .  A t  t h e  l a b o r a t o r y  w e  
l o c a t e d  e a c h  s i t e  i n  t h e  k i l o m e t e r  g r i d  sys tem on t h e  1:250,000 
FCC Landsa t  images o f  t h e  c o u n t r y .  W e  p roceeded t o  map t h e  s o i l s  
a c c o r d i n g  t o  t h e  i n f o r m a t i o n  o b t a i n e d  when w e  v i s i t e d  t h e  f i e l d  
a n d  t h e  i n f o r m a t i o n  on t h e  Landsa t  images a s  e s t a b l i s h e d  a t  each  
sample  s i t e .  T h i s  map was t h e n  combined w i t h  t h e  t o p o g r a p h i c  
i n f o r m a t i o n  on t h e  1:100,000 scale t o p o g r a p h i c  map t o  c r e a t e  a 
r e c o n n a i s s a n c e  s o i l s  map. 

T h i s  r e c o n n a i s s a n c e  s o i l s  map, i n  c o n j u n c t i o n  w i t h  
h y d r o l o g i c a l  d a t a  from a c o l l a t e r a l  p r o j e c t ,  was u s e d  t o  s e l e c t  
a p p r o p r i a t e  w a t e r s h e d s  f o r  s e m i d e t a i l e d  s o i l s  mapping on  a e r i a l  
pho tographs  a t  a s c a l e  o f  1:25,000. F o r  s e m i d e t a i l e d  mappinq, w e  
u s e d  a random sample  o f  f i v e  p e r c e n t  ( 5 % )  o f  t h e  a r e a  t o  c o l l e c t  
t h e  b a s i c  f i e l d  d a t a .  Fol lowing t h i s  p r o c e d u r e ,  s p e c i f i c  
a g r i c u l t u r a l  s i t e s  a r e  de te rmined  and l i m i t e d  i n  e x t e n t  t o  t h e  
w a t e r  p o t e n t i a l  o f  t h e  a r e a .  

RESULTS 

C r o s s i n g  t h e  c o u n t r y  d e s c r i b i n g  t h e  s o i l s  a t  t h e  sample  
si tes,  we a c q u i r e d  f i r s t - h a n d  knowledge of  each  o f  t h e  s o i l s  i n  
t h e  c o u n t r y .  The D j i b o u t i a n  t e c h n i c i a n s  w e r e  t r a i n e d  t o  
d e s c r i b e ,  sample, c l a s s i f y  and map t h e  s o i l s .  W e  made a 
1:250,000 g e n e r a l  so i ls  map o f  D j i b o u t i .  We d e s c r i b e d  and 
e v a l u a t e d  t h e  major  s o i l s  o f  t h e  c o u n t r y .  W e  a l s o  made a 
1:100,000 s c a l e  r e c o n n a i s s a n c e  s o i l s  map of  t h e  c o u n t r y .  W e  
p roceeded  t o  do s e m i d e t a i l e d  s o i l s  maps o f  s e l e c t e d  w a t e r s h e d s  
w i t h  t h e  o r g a n i z e d  s o i l  l egend  deve loped  i n  making t h e  
r e c o n n a i s s a n c e  s o i l s  map. W e  a c c e p t e d  and r e j e c t e d  so i l  t y p e s  
f o r  t h e i r  u t i l i t y  i n  r a n g e  o r  a g r i c u l t u r e .  W e  l o c a t e d  and 
i d e n t i f i e d  t h e  p o t e n t i a l  a g r i c u l t u r a l  and r a n g e  s i t e s .  



W e  d e s c r i b e d ,  c l a s s i f i e d  and i n t e r p r e t e d  t h e  major  s o i l s  i n  
D j i b o u t i  f o r  p l a n n i n g  purposes .  A g r i c u l t u r e  i n  D j i b o u t i  i s  i n  
i t s  f i r s t  phase .  D j i b o u t i  needs new and a p p r o p r i a t e  t e c h n o l o g y  
t o  r e - e s t a b l i s h  r a n g e l a n d  and e s t a b l i s h  a g r i c u l t u r a l  p r o d u c t i o n .  
W e  d o n ' t  know t h e  f e r t i l i t y  s t a t u s  of t h e  s o i l s .  The sa1. ine 
s t a t u s  of  t h e  s o . i l s  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  To h e l p  o u r  
f a r m e r s  and t o  g i v e  them s c i e n t i f i c  recommendations f o r  f a rming  
and r a n c h i n g ,  w e  e s t a b l i s h e d  l a b o r a t o r y  f a c i l i t i e s  t o  t e s t  t h e  
s o i l s  and w a t e r  and p r o p e r l y  in fo rm t h e  l a n d  u s e r .  

The f o l l o w i n g  i s  a l e g e n t  f o r  t h e  g e n e r a l  s o i l s  map l i s t i n g  
t h e  g e n e r a l  s o i l  c h a r a c t e r i s t i c s  d e s c r i b e d  a t  t h e  sample s i t e ;  a  
d e s c r i p t i o n  of  t h e  appearance  of t h e  major  s o i l  a r e a s  on t h e  FCC 
image and t h e  i n d i c a t i v e  map symbol. 

MAJOR SOILS OF DJIBOUTI 

Aa15 - Playa  b a s i n  w i t h  c o l l u v i a l  sand.  
Appeared a s  lonq narrow b l u i s h  g r a y  a r e a s  on 
Lands a t  image. 
T e x t u r e  sandy o v e r  s i l t ,  s l o p e  0-2%; d e p t h  more 
t h a n  200 c m ;  rock f ragment- f ree ;  10% s h r u b  c o v e r .  

AF 9 - S t e e p  s l o p e s  of  b a s a l t i c  p l a t e a u s .  
Appeared a s  long narrow dark  brown a r e a s  s t r e a k e d  
w i t h  g r e e n  on t h e  Landsat  image. 
T e x t u r e  g r a v e l l y  sand;  s l o p e  40-70%; d e p t h  50 c m ;  
90% c o b b l e s  and s t o n e s ;  v e g e i a t i o n  1% s h r u b s  and 
g r a s s .  

A t  1 - Recent  mar ine  sediment .  
Appeared a s  m d e r a t e  a r e a s  of  b l u i s h  g r a y  n e a r  t h e  
s e a .  
T e x t u r e  s i l t  loam; s l o p e  1-2%; d e p t h  more t h a n  200 
c m ;  few 2-7 meter sand dunes;  v e g e t a t i o n  20% b r u s h  
and sh rubs .  

Ba16 - Thin  s i l t  sed iment  on l a v a  f lows.  
Appeared a s  very  da rk  brown w i t h  common g r e e n  
s p o t s  on t h e  Landsat  images. 
T e x t u r e  c l a y  loam; s l o p e  2-5%; d e p t h  50 c m ;  75% 
s t o n e s  and b o u l d e r s ;  v e g e t a t i o n  2-38 s h r u b s .  

Da9 - S t e e p  r y o l i t i c  mountains.  
Appeared a s  broad a r e a s  of  ve ry  l i g h t  brown 
m o t t l e d  w i t h  l i g h t  g r e e n  and brown on t h e  Landsa t  
images. 



High l a v a  p l a t e a u s .  
Appeared a s  dark  brown m o t t l e d  w i t h  v e r y  da rk  
brown o r  b l u i s h  g r a y  and f i n e  l i g h t  g r e e n  spots on 
t h e  L a n d s a t  images. 
T e x t u r e  g r a v e l l y  loam; s l o p e  long  1-83: d e p t h  50 
c m ;  90% c o b b l e s  and b o u l d e r s ;  v e g e t a t i o n  15% 
b r u s h ,  s h r u b s  and g r a s s .  

Wadi d e l t a .  
Appeared as long  narrow a r e a s  o f  l i g h t  b l u i s h  g r a y  
on  L a n d s a t  images. 
T e x t u r e  sand:  s l o p e  0-23; d e p t h  75  c m ;  3-4 m e t e r  
s a n d  dunes ;  v e g e t a t i o n  5% g r a s s .  

Bas in  p l a y a  w i t h  s a n d  dunes. 
Appeared a s  b road  a r e a s  of  b l u e  and l i g h t  b l u e  
m o t t l e d  w i t h  dark  b l u e  and g r e e n  on Landsa t  
images. 
T e x t u r e  s a n d ;  s l o p e  1-2%; d e p t h  75  c m ;  3-4 meter 
s a n d  dunes:  v e g e t a t i o n  5% g r a s s .  

B a s i n  p l a y a  - b a r r e n .  
Appeared a s  b road  smooth a r e a s  o f  w h i t e  and l i g h t  
b l u e  on  L a n d s a t  images. 
T e x t u r e  loam; s l o p e  0-18; d e p t h  more t h a n  200 cm; 
r o c k  f r a g m e n t - f r e e ;  v e g e t a t i o n  b a r r e n .  

S t e e p  s a n d s  t o n e  m u n t a i n s .  
Appeared a s  b l u e  w i t h  v e r i g a t e d  da rk  b l u e  on 
L a n d s a t  images. 
T e x t u r e  g r a v e l l y  sandy loam; s l o p e  24-353; d e p t h  
50  c m ;  80% g r a v e l  and c o b b l e s ;  v e g e t a t i o n  1% 
s h r u b s .  

Weathered g r a n i t e  b a s i n  f l o o r .  
Appeared a s  i r r e g u l a r  a r e a s  o f  g r a y i s h  b l u e  on  
L a n d s a t  images. 
T e x t u r e  sandy c l a y  loam; s l o p e  2-88: d e p t h  60 cm; 
rock  f r agment - f ree ;  v e g e t a t i o n  3% b r u s h  and 
s h r u b s .  

S t e e p  s l o p e s  of  l a v a  flow. 
Appeared as long  narrow ve ry  dark  brown and  b l u i s h  
g r a y  a r e a s  on Landsa t  images. 
T e x t u r e  bou lde ry  loam; s l o p e s  70%;  d e p t h  100 c m ;  
70% b o u l d e r s ;  v e g e t a t i o n  20% brush .  

Thick s i l t  m a n t l e  on  l a v a .  
Appeared a s  e x t e n s i v e  b road  a r e a s  o f  m o t t l e d  l i g h t  
g r e e n  and l i g h t  g r e e n i s h  b l u e  on L a n d s a t  images. 
T e x t u r e  s i l t y  c l a y  loam; s l o p e  0-23; d e p t h  150 cm; 
50-803 c o b b l e s  and b o u l d e r s ;  v e g e t a t i o n  10% 
s h r u b s .  



Wadi channe l .  
Appeared a s  long  narrow w h i t e  o r  l i g h t  g r a y  a r e a s  
on Lands a t  images. 
T e x t u r e  g r a v e l l y  sandy c l a y  loam; s l o p e  0-3%; 
d e p t h  more t h a n  200 cm; 40-80% g r a v e l ;  v e g e t a t i o n  
20% b r u s h  and s h r u b s .  

Bas in  p l a y a  d e l t a .  
Appeared a s  b road  p u r p l e  a r e a s  s t r e a k e d  w i t h  l i g h t  
b l u e  and brown on L a n d s a t  images. 
T e x t u r e  loam; s l o p e  5-258; d e p t h  120 cm: 60% 
c o b b l e s  and s t o n e s ;  v e g e t a t i o n  1-28 bushes .  

F a u l t e d  l a v a  f low mountains.  
Appeared a s  dark brown broad  a r e a s  m o t t l e d  w i t h  
v e r y  dark brown on L a n d s a t  images. 
T e x t u r e  g r a v e l l y  loam; s l o p e  more t h a n  65%: d e p t h  
75% cm; 70% s t o n e s  and b o u l d e r s ;  v e g e t a t i o n  10% 
b r u s h  and s h r u b s .  

S a t u r a t e d  b a s i n  p l a y a .  
Appeared a s  b road  a r e a s  o f  g r e e n  and brown on 
Landsat  
T e x t u r e  c l a y  loam; s l o p e  0-1%; d e p t h  more t h a n  80% 
cm:p rock f r e e ;  v e g e t a t i o n  r a r e .  

B a s a l t i c  p l a t e a u .  
Appeared a s  b road  a r e a s  of  brownish g r e e n  m o t t l e d  
w i t h  ve ry  da rk  brown and l i g h t  g r e e n  on Landsat  
images. 
T e x t u r e , s i l t  loam; s l o p e  5-25%; d e p t h  25 cm; 80% 
s t o n e s  and b o u l d e r s ;  v e g e t a t i o n  5% shrubs  and 
g r a s s .  

C o l l u v i a l  g r a v e l .  
Appeared a s  modera te ly  wide long g r a y i s h  b l u e  
a r e a s  w i t h  s m a l l  brown b l o t c h e s  on t h e  Landsa t  
images. 
T e x t u r e  s i l t  loam; s l o p e  5 - 2 5 8 ;  dep th  less t h a n  
100 c m ;  70% c o b b l e s  and s t o n e s :  v e g e t a t i o n  1% 
s h r u b s .  

S a l t .  
Appeared a s  b r i l l i a n t  w h i t e  on Landsa t  images. 

L a c u s t r i n e  mud. 
Appeared a s  b road  a r e a s  m o t t l e d w i t h  l i g h t  b l u e  
and  b l u e  o n  L a n d s a t  images. 

L a c u s t r i n e  mar l .  
Appeared a s  w h i t e  and l i g h t  b l u e  on Landsa t  
images. 



2 4  - C o r a l  i s l a n d s .  

30 - V o l c a n i c  cones .  
Appeared a s  s m a l l  a r e a s  of  ve ry  dark  b r w n  on 
L a n d s a t  images. 

CONCLUSIONS 

A three-man team mapped 10,000 s q u a r e  k i l o m e t e r s  o f  s o u t h e r n  
D j i b o u t i  i n  one  y e a r .  W e  produced 1:250,000 s c a l e  s o i l  maps and 
1:25,000 s c a l e  maps o f  s e l e c t e d  wa te r sheds .  W e  e s t a b l i s h e d  s o i l  
series f o r  t h e  major  soi ls  and t h e i r  i n t e r p r e t a t i o n .  We a l s o  
developed t h e  c a p a b i l i t y  t o  e s t a b l i s h  t h e  chemica l  s t a t u s  o f  t h e  
s o i l s  and w a t e r  of D j i b o u t i .  W e  i d e n t i f i e d  and l o c a t e d  p o t e n t i a l  
a g r i c u l t u r a l  s i t e s  and r a n g e l a n d s .  Remote s e n s i n g  t e c h n i q u e s  
h e l p e d  u s  a t t a i n  o u r  o b j e c t i v e s .  
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APPENDIX 0 

D J I B O U T I  - ATAR 

FIELD TRIP G U I D E  

0  Km TOTAL service  s t a t i o n  on Charles De Gaulle: 

1 Km T u r n  t o  the l e f t  t o  go t o  the  Atar project.  Here we see an old 
d e l t a  of t he  Arnbouli River. I t ' s  qu i te  gravelly. The r i v e r  
has changed course and cut through the  d e l t a i c  deposit  back t o  
t h e  marine sediments t h a t  underlie these sediments. The 
volcanic cones a r e  a l l  along t o  the  f ront .  We put them i n  
miscellaneous land t y ~ e  because they a re  too limited i n  area. 
I t  i s  of i n t e r e s t  t o  know they a re  there  but they a r e  too 
limited i n  extent .  The s o i l s  a r e  actually be t t e r  on the  cones 
than they a re  on the surrounding t e r r i t o r y .  The ra i l road on 
the  r i g h t  goes t o  Addis Abba. The road we ' r e  taking i s  the  one 
t o  Somalia. I t  i s  about 18 Km t o  Layada. Djibouti has been 
inhabited act ively  for the  l a s t  1,200 years. There i s  evidence 
of p reh is tor ic  peoples here too but act ive  habi ta t ion has been 
about 1,200 years.  

6 Krn Police t ra in ing  Center. 

7 . 5  Km We see the  stony covered areas t o  the r igh t  a re  lava. Here 
we're s t i l l  on some of the  de l t a i c  deposits with t h e  f ine  
sediments underneath old marine sediments. This i s  a  s o r t  of 
eroded phase coming up ahead before the  Atar s o i l .  I t ' s  
probably eroded because again t h i s  i s  s t i l l  par t  of t h a t  
d e l t a i c  complex t h a t  was a  l i t t l e  higher and it has more r u n -  
off  i n  t h i s  region than y o u ' l l  see l a t e r .  

8 Km To the  r i g h t  we can see  some of the  farms on the  Douda wadi. 
t h i s  i s  the  Douda Wein agr icu l tura l  section. The Yemeneese 
were doing agr icul ture  here a t  l e a s t  1 5  years ago. 1973 photos 
s h o w  t he  l a n d  o w n e r s h i p  t h e n  a n d  n o w  t o  be a p p r o x i m a t e l y  t h e  
same. There have been o n l y a  few farmers added t o  t h i s  
complex. These a re  formed i n  the  Yemeneese s ty l e .  A l l  these 
people were pumping water by hand when I came. This project  
has the  old Egyptian teeter-bucket system for i r r i g a t i o n  but 
now they've been ins t a l l i ng  pumps. There is one of t he  old 
poles s t icking up t o  the  r igh t .  A French volunteer came t o  
t h i s  s i t e  and organized these people i n t o  a  cooperative for 
s e l l i ng  the i r  vegetables. This i s  one of the  more successful 
agr icu l tura l  areas i n  terms of market develo~ment and 
production. The water qual i ty  i s  be t te r  on t h i s  wadi than the  
other one pr incipal ly  because the people have dug the i r  wells 
closer t o  the  wadi. 

9 Km The Atar type s o i l s .  The f l a t  may have a  few centimeters of 
small sand dunes on them. They a re  kind of a  s i l t y  clay loam. 
They have a  rose  gypsum impregnated layer a t  about 7 5  cm. The 
problem with t h i s  s o i l  for agr icul ture  i s  there  i s  a  t ex tu ra l  



con t r a s t  between t he  upper sands and a  s i l t y  c lay  and they w i l l  
probably have a  l o t  of problems with s a l t  depos i t ion  on t h a t  
t e x t u r a l  con t ras t .  So i f  they a r e  going t o  use it it i s  be s t  
t h a t  they plow deep and mix  it and g e t  a  more gradual  t ex tu r a l  
increase  with depth. Actually,  we won't g e t  much development 
on t h i s  s o i l .  Or ig ina l ly  t h e  people looked a t  t h i s  f l a t  s o i l  
and were q u i t e  i n t e r e s t ed  i n  i t ,  but we do not have t he  water 
for  it. A s  you look t o  t h e  r i g h t  and again see  t h e  volcanic 
cones we see some white bui ld ings .  That i s  where the  wells  a r e  
t h a t  supply Djibouti  c i t y  water. The water from those wells i s  
coming from the  f r ac tu r e s  i n  t h e  rocks up t o  t h e  mountains t o  
t he  south.  A l l  of t h a t  water from t h e r e  i s  necessary t o  t h e  
c i t y .  So t he  only water t h a t  i s  ava i l ab l e  for ag r i cu l t u r e  on 
t h i s  p l a in  i s  t h a t  which passes t h a t  l i n e  of wells  and 
i n f i l t r a t e s  i n t o  the  wadi bed on t h i s  s ide .  We probably have 
enough water he re  for  one or  two square kilometers of 
ag r i cu l t u r e .  The h i l l  over he r e  i s  an old i s land.  I t  i s  a  
volcanic depos i t ,  not a  co r a l  i s l and .  

10 Krn On the  l e f t  you see  an abandoned sunken ship.  Many people l i k e  
t o  go t h e r e  and f i s h .  A s  you not ice ,  we a r e  within a  kilometer 
o f f  t h e  coas t  and we a r e  j u s t  a  few meters above sea  l eve l .  On 
t h e  r i g h t  i s  a  row of t r e e s  t h a t  mark t h e  Douda Yar (Yar means 
small  i n  Somali and Wein means b i g ) .  There i s  another small 
a g r i c u l t u r a l  p ro jec t  here .  They a r e  ab l e  t o  use t h e  water a l l  
year long t h a t  i n f i l t r a t e s  t h e  wadi bed. So f a r  they do not 
seem t o  have much t roub le  with water supply through t h e  year 
for  t h e  number of farmers t h a t  a r e  the re .  You see  some l a rqe  
palms i n  the re .  Those were es tabl i shed by t he  Yemeneese some 
years  ago. They a r e  q u i t e  s a l t  t o l e r a n t  so  they manage t o  
survive.  I think they a r e  a l s o  f a i r l y  drought t o l e r a n t .  A t  
l e a s t  t h e i r  r oo t s  may g e t  some water from the  wadi a s  a  r e s u l t  
they have survived t he  years  of abandonment. The palmate palm 
i s  bled for  i t s  sap, they make a  type of beer out of it. The 
da te  palm, t h e  r a the r  long leafed palm i s  kept  for  i t s  f r u i t .  
Here we see a  r a t he r  t yp i ca l  garden. This  garden i s  an e a r l i e r  
more t r a d i t i o n a l  version of t h e  type of gardening t h a t  was done 
i n  Djibouti ;  probably t h e  type t h a t  was introduced by t he  
Yemeneese with some modification by t he  French t r a d i t i o n .  

19  Km Eastern rou t e  t o  t h e  EEC Agr icul tura l  P ro jec t .  Turn r i g h t  a t  
t h e  m i l i t a r y  s ign  post.  One of t he  th ings  t o  ge t  out  of t h e  
Atar p ro j ec t  i n  terms of s o i l s  and water i s  t h a t  they should go 
over t o  t h e  Dey Dey wadi and a l s o  t o  t h e  Damerjog wadi t o  br ing  
i n  channel water. Damerjog does not  extend up t o  t h e  
mountains. The Dey Dey does and it should have enough water t o  
i r r i g a t e  one square kilometer a f t e r  it leaves t h e  l i n e  of wells 
f o r  t h e  c i t y .  There i s  j u s t  a  l i t t l e  b i t  of a g r i c u l t u r e  on t he  
Dey Dey. I f  they would put i n  a  drainage f i e l d  under t h e  Dey 
Dey wadi, they could bring t h a t  water over t o  t h i s  p ro jec t  and 
save t he  s o i l s  from s a l t .  They would have clean enough water 
t o  wash the  s o i l s .  Then they would have a  permanent operat ion 
here .  I t  would not s a l t  up on them. The Atar p ro jec t  i s  
about 2 Km from Damerjog t o  t h e  S.E. This a rea  is used a s  
range. We a r e  q u i t e  d i s t a n t  from the  mountains he r e  and t he  



bet te r  range occurs on the  mountains toward the sea. One year 
ago, when the  f i r s t  r a ins  came af te r  the three  year dry s p e l l ,  
t h e  ra ins  d i d  not ge t  t h i s  fa r  and t h i s  region remained qui te  
dry. B u t  t he  next year got the  ra ins .  You can see the  herbs. 
There was a grass out here t h a t  sprouted up i n  the  sprinq. The 
livestock they use here a re  brush eaters .  Camels, goats,  sheep 
and donkeys a re  browsers, not grazers,  so they eat  the  acacia 
we see here too. This area was grazed t r ad i t iona l ly ,  I 
believe, only when the  r a i n s  came far enough for them t o  leave 
Ethiopia and ge t  a l l  the  way out here t o  use these plants .  
There i s  a l i t t l e  f i n e  grass  t h a t  w i l l  show up temporarily. 

2 1  Km Leave Damerjog. There i s  a t h in  deser t  pavement on these s o i l s  
because of the  wind .  I do not know what t he  source of the  
l i t t l e  gravel i s .  The deser t  pavement here i s  unusually large.  
Fencing i s  done with brush. I n  f ac t  the agr icul ture  w i l l  
probably put a severe pressure on the brush. Tradit ionally the  
people put t h i s  brush around t h e i r  houses t o  keep the  hyneas 
and jackals out,  and t o  protect  t he i r  l ivestock. They would do 
t h a t  more generally when they were going t o  be there for a few 
weeks. I n  f ac t  the houses i n  town s t i l l  have the  small 
courtyard with the  l i t t l e  house i n  the  center .  Now they use 
the  bushes t o  keep the  goats out of the gardens. I t  takes 
qu i te  a few hectares of acacia t o  put up a fence around a 
garden. I t  i s  not very good for keeping out the  small animals 
l i k e  the rabbi t s ,  skunks, e t c .  Economical fencing i s  a serious 
question here as well a s  fencing t h a t  w i l l  l a s t  longer. The 
thorn brush fence i s  probably good for only 3 t o  5 years. They 
are going t o  have t o  fence out t he  l ivestock.  The agr icul ture  
has so much l e s s  area than the  range t h a t  the livestock w i l l  
have t o  be fenced out. So the  fencing w i l l  be the  
responsibi l i ty  of the farmer. This i s  a good t r i p  t o  take 
f i r s t .  We have s o i l s  t h a t  cor re la te  with the  s o i l s  of Nevada, 
p a r t s  of the  dryer pa r t s  of California,  western Texas regions 
around the Big Bend country, pa r t s  of New Mexico and Arizona. 
We are  corre la t ing with the  thermic s o i l s .  B u t  we have hyper- 
thermic s o i l s  here. We have a l o t  of en t i so i l s .  The whole 
country i s  qu i t e  young geologicaly although during the  
Pliestocene, there  must have been a wetter epoch. We know t h i s  
from the lake beds i n  the  i n t e r i o r .  There was some f a i r  s o i l  
development. This Atar s o i l  has a B horizon i n  it. O u t  i n t o  
the  in te r ior  we can see on some of the  f l a t  playas and i n  f ac t  
r i g h t  here on t h i s  coasta l  plain,  we see some good strong B 
horizons, even a l i t t l e  accumulation of clay i n  the  B horizons. 
The problems is ,  they have been impregnated with gypsum and 
sodium, potasium and calcuim carbonates. 

25 Krn Douda Wein. We came back on the western fork of t he  road 
instead of the eastern fork we took on the  way out. You can 
see here on the  Douda Wein, t h a t  the  t r e e s  do qui te  well r i gh t  
next t o  the  wadi. Those could have been f r u i t  t r ees  because 
they probably would be able t o  survive. I n  t h i s  s o i l  we would 
want a more draught t o l e ran t  species than we would consider i n  
the north pa r t  of the  country. Here i n  Djibouti, they should 
move t o  regular range management, ra ther  than herding the  



l i v e s t o c k .  They c o u l d  c o n t r o l  them b y  o p e n i n g  and c l o s i n g  t h e  
water h o l e s  and  d i s t r i b u t i n g  s a l t .  T h i s  way t h e y  w i l l  n o t  h a v e  
t o  s p e n d  t h e i r  t i m e  o u t  t h e r e .  They a re  s p e n d i n g  f a r  too much 
t i m e  f o r  t h e  r e t u r n  o n  t h e i r  l i v e s t o c k .  Whoever i s  l e f t  w i t h  
t h e  l i v e s t o c k  w i l l  n eed  l a r g e r  r a n g e  management p r a c t i c e s  l i k e  
t h o s e  p r a c t i c e d  i n  w e s t e r n  U n i t e d  S t a t e s  and  A u s t r a l i a .  
D j i b o u t i  i s  l u c k y  i n  t h e  s e n s e  t h a t  b e c a u s e  o f  t h e  h i s h  
i n f i l t r a t i o n  i n  t h e  wad i ,  and  t he  f a c t  t h a t  e v e n  though  t h e  
r a i n s  a re  s p o r a d i c ,  t h e  w a t e r  i s  s t o r e d  i n  t h e  w a d i s ,  t h e y  h a v e  
good d i s t r i b u t i o n  o f  water h o l e s  so t h e y  w i l l  n o t  h a v e  t o  b u i l d  
ponds  or f a r m  t a n k s  t o  d i s t r i b u t e  g r a z i n g  a c r o s s  t h e  l a n d .  
Because  o f  t h e  s p a r s e  v e g e t a t i o n  h e r e  and b e c a u s e  o f  t h e  t y p e  
of  l i v e s t o c k  a n d  i t s  t o l e r a n c e  t o  d r y  c o n d i t i o n s ,  I t h i n k  t h e y  
p r o b a b l y  h a v e  a d e q u a t e  d i s t r i b u t i o n  now t o  n a t u r a l l y  r o t a t e  
t h e i r  g r a z i n g .  One so i l s  map o f  t h e  e n t i r e  c o u n t r y  w a s  made 
b e c a u s e  of t h e  r a n g e  r e q u i r e m e n t s .  T h e r e  i s  a r e a l  a s s o r t m e n t  
o f  w i l d  l i f e  here i n  D j i b o u t i  a lso.  C h e e t a h s  o s t r i c h e s ,  
h y e n a s ,  j a c k a l s ,  f o x ,  chipmunks,  s q u i r r e l s ,  s k u n k s ,  p o r c u p i n e s ,  
v a r i o u s  k i n d s  of b i r d s ,  l i z a r d s ,  t u r t l e s ,  s n a k e s ,  baboons ,  
a q u a t i c  and  l a n d  b i r d s .  



AMBOULI GARDEN 

F I E L D  TRIP GUIDE 

0 Km W e  w i l l  see a  p r i v a t e  i n v e s t m e n t  i n  a g r i c u l t u r e  h e r e  i n  
Ambouli. There  h a s  been no governmenta l  a s s i s t a n c e  a t  a l l .  
These  p e o p l e  buy t h e i r  own equipment and do t h e i r  own l a n d  
l e v e l i n g .  These  a r e  t h e  upper-middle c l a s s ,  t h e  m i l i t a r y  
o f f i c e r s ,  d o c t o r s ,  new government p e o p l e  who a r e  look ing  f o r  a  
p l a c e  t o  i n v e s t  and t h e r e  a r e  n o t  many r e s o u r c e s .  I n v e s t i n g  
l i k e  an e s q u i r e  i n t o  t h e  l a n d  is  a p p e a l i n g .  

1 Km Immediately h e r e  on t h e  l e f t  w e  see an  o l d  w e l l  t h a t  h a s  washed 
o u t .  S i n c e  t h e  r i v e r  changed i t s  channe l ,  t h a t  p i e c e  back 
t h e r e  w i t h  t h e  palm i n  it i s  a  w e l l  t h a t  was e x c a v a t e d  s i n c e  
t h e  r i v e r  changed i t s  course .  W e  j u s t  found o u t  t h a t  t h i s  
c h a n n e l  is  less t h a n  60 y e a r s  o l d .  I t  o r i g i n a l l y  was dumpins 
r i g h t  i n t o  t h e  Gulf o f  Aden i n s t e a d  o f  dumping i n t o  t h e  Gulf of 
Tad joura .  Now you can see t h e  mango t ree  on t h e  r i g h t  j u s t  a s  
we came o u t  of t h e  channe l .  These  a r e  new gardens .  There  a r e  
a b o u t  120 now. T h e r e  w e r e  a b o u t  60 i n  1980. These  a r e  on ve ry  
g r a v e l l y ,  c o a r s e ,  sandy,  h i g h l y  permeable  s o i l s .  There  i s  no 
c a l c i c  h o r i z o n  h e r e .  T h i s  i s  a n  e n t i s o i l .  Turn r i g h t  a t  t h e  
f i r s t  o p p o r t u n i t y .  The bushes  and t r e e s  w e  have s e e n  a r e  
mangoes, d a t e s ,  guava and o ranges .  For  c r o p s  w e  see e g g p l a n t ,  
o k r a ,  watermelon, muskmelon, on ions ,  peppers ,  r a d i s h e s ,  corn ,  
sorghum and a  l i t t l e  m i l l e t .  There  i s  q u i t e  a  b u s i n e s s  i n  dry  
f o r a g e  f o r  t h e  l i v e s t o c k  i n  town, e s p e c i a l l y  f o r  t h e  g o a t s .  
D j i b o u t i  a l s o  sel ls  wood t o  Yemen, s o  t h e r e  i s  a  f o r e s t r y  
i n d u s t r y  h e r e .  S a l t  c o n t e n t  i n  t h i s  w e l l  r u n s  between 1 ,500 
and 2,000.  T h a t  i s  g e n e r a l l y  t h e  c a s e  f o r  t h e  w e l l s  i n  t h i s  
a r e a .  There  i s  o n e  n e a r  h e r e  t h a t  r u n s  up t o  6 ,000 p a r t s  p e r  
m i l l i o n ,  which is why you see a l a c k  of  v i g o r  i n  t h e  p l a n t s .  
They a l s o  grow some f l m e r s  i n  t h i s  a r e a .  W e  a r e  going t o  t u r n  
l e f t  b e f o r e  t h e  c h a n n e l  and f o l l o w  t h e  c h a n n e l  on t h i s  s i d e  
o v e r  t o  t h e  A r t a  road .  R igh t  h e r e  i n  t h e  j u n c t i o n  of roads ,  
f l o w e r s  a r e  grown. The f a l l  i s  when t h e  v e g e t a b l e s  are 
p l a n t e d .  They s t a r t  p l a n t i n g  around t h e  f i r s t  p a r t  of October .  
Some a r e  p l a n t  i n t o  J a n u a r y .  Those c r o p s  a re  f i n i s h e d  between 
March and June .  I n  J u n e  t h e y  go  i n t o  melons and h e a t  t o l e r a n t  
c rops .  W e  see some c o t t o n  o v e r  t h e r e .  T h i s  i s  t h e  l a r g e s t  
a g r i c u l t u r a l  a r e a  i n  t h e  r e g i o n .  I t  r e p r e s e n t s  between 2 t o  2 
1 / 2  s q u a r e  k i l o m e t e r s .  A s  you n o t i c e ,  t h e  d e n s i t y  of  p l a n t s  i s  
down. They a r e  c o v e r i n g  a t  best abou t  25% o f  t h e  area. 
O f t e n t i m e s  t h e y  may n o t  b e  c o v e r i n g  more t h a n  10% o f  t h e  a r e a  
w i t h  crop.  One of  t h e  ways t o  r e d u c e  w a t e r  l o s s  i s  t o  g e t  mre 
p l a n t s  i n  t h e  ground t o  g e t  more p r o d u c t i o n  f o r  t h e  w a t e r  p u t  
on a  g iven  a r e a .  T h a t  way, you do  n o t  l o s e  s o  much t o  
e v a p o r a t i o n .  One woman h a s  been farming and s u p p o r t i n q  h e r  
f a m i l y  h e r e  f o r  30 y e a r s .  



DJIBOUTI ELI SABIEH 
FIELD TRIP GUIDE 

0  Km The A t a r  road  a t  t h e  c r o s s i n g  of t h e  Amboule wadi.  The 
a g r i c u l t u r a l  r e g i o n  e x t e n d s  w e s t  o f  t h e  road  h e r e  and g o e s  on 
toward  t h e  mouth of t h e  r i v e r .  These  f a r m e r s  a r e  do ing  a  
l i t t l e  bet ter  because  t h e i r  w a t e r  i s  o f  bet ter  q u a l i t y .  They 
have g o t t e n  c l o s e r  t o  t h e  wadi and t h e i r  c r o p s  show t h e  r e s u l t s  
o f  t h a t .  Near B a l b a l a  you c r o s s  t h e  t o p  of a  l a v a  dome. 

2  Km Here i s  t h e  l i v e s t o c k  market .  They buy and s e l l  t h e  sheep  and 
came 1s h e r e .  W e  a l s o  see t h e  milkweed. I t  i s  n o t  a  
happens tance  p l a n t .  The nomads k e p t  t h e  milkweed f o r  i t s  
f i b e r .  They would s t r i p  t h e  s t e m  and g e t  t h e  f i n e  f i b e r  t o  
make rope ,  a  very  s i l k y  rope .  They always had it a l o n g  t h e i r  
pathways s o  t h e y  cou ld  g e t  it a s  t h e y  moved a long .  T h i s  a r e a  
i s  devo id  of  v e g e t a t i o n  because  t h e  p e o p l e  have  chopped it a l l  
o f f .  Here t h e  Labanese  gave  them a  r e s e r v i o r .  T h i s  was p u t  i n  
s p e c i f i c a l l y  t o  g i v e  t h e s e  p e o p l e  w a t e r .  

3  Krn When you look o f f  t o  t h e  l e f t  you b e g i n  t o  see t h e  g r e a t  
c o a s t a l  p l a i n s  and t h e  l a r g e  l a v a  f lows .  T h i s  i s  t h e  t h i n  
e o l i a n  o r  mar ine  s e d i m e n t s  l a i d  o v e r  l a v a  f low.  I t  h a s  
b a s i c a l l y  two d i f f e r e n t  s l o p e  groups .  A r a t h e r  f l a t  a r e a  of  A 
and B s l o p e s  and t h e n  s l o p e s  up t o  a b o u t  8%. I t  ex tends  from 
h e r e  way i n t o  Somalia .  The c o a s t a l  p l a i n  i n  t h e  n o r t h e r n  p a r t  
o f  t h e  c o u n t r y  i s  q u i t e  d i f f e r e n t .  T h e r e  t h e  p l a i n  i s  r e a l l y  
c o l l u v i a l  f a n s  a s s o c i a t e d  w i t h  t h e  mounta ins ,  b u t  t h e  c l i m a t i c  
c o n d i t i o n  t u r n s  o u t  t o  be a b o u t  t h e  same. Those a r e  sandy and 
c o n s e q u e n t l y  do n o t  have  t h e  sodium and po tass ium c a r b o n a t e  
d e p o s i t i o n  w i t h i n  a  meter. They a r e  a lso d r y .  

4 .7 Krn Weather s t a t i o n .  T h i s  i s  an  o f f i c i a l  and comple te  one  w i t h  t h e  
a p p r o p r i a t e  g r a s s  lawn. To t h e  l e f t  w e  see t h e  Ambouli r i v e r  
v a l l e y .  The Ambouli comes through t h i s  l o w  span.  On t h e  r i g h t  
you c a n  look down on t h e  Gulf of  Tad joura .  On a  clear day you 
can see t h e  mountains on t h e  o t h e r  s i d e .  I n  f r o n t  of  u s  a s  w e  
c o m e  down t he  h i l l  from B a l b a l a ,  w e  see t h e  J a b a n  A s  s o i l s .  
J a b a n  A s  means r e d  s o i l  i n  Somali.  T h i s  s o i l  is a  b i t  
c o n t r o v e r s i a l  because  a n o t h e r  p r o j e c t  s e l e c t e d  t h i s  o n e  f o r  a  
60  h e c t a r e s  a g r i c u l t u r a l  development.  T h e  s o i l  i s  a  s i l t y  c l a y  
o r  c l a y .  I t  i s  between 1 and 2  meters deep and h a s  a  B 
h o r i z o n .  A t  a b o u t  1 mete r  w e  have a very  dominant d e p o s i t i o n  
i n  t h e  f a b r i c  of rose gypsum. A t  a b o u t  20 t o  50 cm w e  have a 
h i g h  c o n c e n t r a t i o n  of  b i c a r b o n a t e  s a l t ,  which I b e l i e v e  comes 
from l i g h t  dew. W e  have a  k i n d  o f  dew h e r e  i n  t h e  w i n t e r  t i m e .  
The s a l t  comes from t h e  s a l t  a i r  o f  t h e  sea. When t h e  g e n t l e  
m i s t y  r a i n s  come t h e y  t a k e  t h e  s a l t  i n t o  t h e  so i l .  T h i s  can  
g e t  l eached  o u t  on t h e  r a i n y  y e a r s  b u t  on t h e  d r i e r  y e a r s  it 

. accumula tes ,  a p p a r e n t l y  because  of t h e  heavy t e x t u r e  and s a l t  
c o n t e n t  of t h e  s o i l ,  it s h e d s  t h e  water r a t h e r  q u i c k l y  so t h e  
p e n e t r a t i o n  i s  n o t  much o v e r  20 t o  30  cm. Between 20 and 50 c m  
t h e r e  i s  a  sodium o r  a t  l eas t  a  s a l t  h o r i z o n  of  a b o u t  10 t o  20 
cm t h i c k .  W e  can  a c t u a l l y  f i n d  c r y s t a l i z e d  s a l t  t a s t i n g  s a l t y .  



I t  t a s t e s  l i k e  sodium chlor ide ,  but  t he  t e s t  d i d  not show t h a t  
much ch lo r ine  so it m u s t  be potassium carbonate. We a r e  not 
recommending t h i s  for  agr icu l tu re .  I t  i s  too eros ive  and you 
would loose the  s t ruc tu r e  t h a t  you have, so  you would have a 
ser ious  permeabili ty problem. The only water ava i l ab le  here  i s  
ground water which i s ;  1) too  s a l t y  and i s  2 )  competing with 
t h e  water for the  c i t y  of Djibouti .  In many respec t s  they 
probably should have expanded the  c i t y  out i n  t h i s  region. I t  
i s  a l i t t l e  cooler and d r i e r  and has b e t t e r  drainage for 
development. There a r e  flooding problems i n  t h e  c i t y  when t he  
heavy r a i n s  come. You can see by a l l  t h e  d i t ches  and t he  
gul leys  he re  t h a t  jus t  t h e  construct ion of t h i s  road has 
encouraged a severe case of erosion. Djibouti  i s  covered with 
rocks.  You see  t he  black de se r t  varnish on t h e  su r face  and the 
calicum carbonate deposi t s  under t he  ground. When they a r e  
turned over then they have a white bottom. The calcium 
carbonate i s  not thick he re  and it occurs usual ly between 10 
and 30 cm deep. I t  usual ly occurs a s  a kind of c r u s t  on t h e  
gravel  or s o i l .  You m u s t  understand the  importance of t h e  rcck 
or t he  d e s e r t  lag here.  One, it reduces t h e  amount of r a i n  
erosion because it takes some of t h e  impact of t h e  r a i n .  Two, 
t h e  water t h a t  i n f i l t r a t e s  t h e  s o i l  uses t h e  rocks a s  a mulch 
t o  reduce the  amount of evaporation loss .  A s  a r e s u l t  t he r e  i s  
some vegetat ion here  t h a t  would not survive otherwise. Three, 
i t  reduces w i n d  erosion because t he  w i n d  m u s t  move above t h e  
top o f t h e r o c k s .  I t  t u r n s o u t  t o  be a k i n d o f  w i n d  b a r r i e r .  
So t h i s  country m u s t  be ca re fu l  not t o  remove t he  rocks u n t i l  
they a r e  ready and know t h e i r  land use w i l l  be permanent and, 
i n  f a c t ,  r equ i res  the  l o s s  of t he  rocks.  

1 2  Km Here you not ice  the  road engineers took a l l  t h e  rocks o f f .  You 
a l s o  o f ten  not ice  a good case  of wind  erosion here.  When it 
r a i n s ,  t h e r e  i s  severe water erosion. The purpose of t h i s  PK 
20 p ro j ec t  was t o  es tab l i sh  a microcosm of t h e  Djibouti  economy 
so everybody could see how it was supposed t o  work. Some small 
f a c t o r i e s  a r e  t o  be b u i l t  t h a t  w i l l  make spaghe t t i  from the  
wheat r a i sed  here.  There i s  t o  be a shoe fac tory  t o  use t he  
hides of t h e  goats  t h a t  were butchered i n  the  c i t y ,  and some 
pa r t s  assembly p lan t  t o  opera te  i n  conjunction with t he  por t .  
Also t h e r e  i s  t o  be da i ry  c a t t l e  he re  and some major 
ag r i cu l t u r a l  production. A t  one time, they were going t o  dam 
t h e  Ambouli r i ve r  . Here we a r e  coming t o  t h e  gorqe i n  the  
Ambouli, they were going t o  dam t h i s  and supply t h e  water for  
p ro j ec t  PK 20 from t h a t .  Several sources t o l d  them t h a t  i f  you 
do any daming i n  t h i s  country,  you w i l l  upset t h e  i n f i l t r a t i o n  
r a t e  and furthermore, because of t h e  sediment load of t h e  
r i v e r ,  your dam w i l l  be f i l l e d  within 10 years .  Not only would 
they not have water shortages i n  Djibouti ,  but they would cut 
o f f  the  water t o  the  farmers who a r e  already producing down i n  
t h e  Ambouli. They d i d  not bui ld t h e  dam. The c r i t i c a l  thin9 
with t h e  l ivestock grazing here  i s  having a drought plan, 
because t h e  herd s i z e  expands when t h e  vegetat ion i s  good. 
Sometimes you see  a l o t  of herds out t h e r e  and t he  s i z e  of t h e  
herds grow a t  t h a t  time. Bu t  when it r e a l l y  s t a r t s  t o  ge t  dry, 
i n  the  dry season and a l so  during severa l  years of dry periods,  



the  oversized herds graze back too heavily on the brush. Then 
when the r a ins  come, the  brush can not respond quickly enough. 
Because they have extrordinar i ly  aggressive animals, 
represented by camels, goats and sheep, they have t o  be very 
careful  i n  t he i r  management t o  protect  the  vegetation from the  
livestock. This i s  the  only kind of livestock t h a t  can convert 
t h i s  kind of vegetation i n t o  milk and meat. 

1 7 K m  We are  now approaching the  rainy area of Djibouti. We see t h a t  
the  vegetation i s  s t a r t i n g  t o  ge t  denser here. The vicro  
climates I  have indent i f ied here i n  Djibouti a r e  divided a t  100 
meters elevation,  350 meters, 600 and 900 meters elevation.  
The coolness makes a  difference i n  the  preservation of 
nu t r ien ts  i n  the s o i l .  I t  has an impact on the  amount and type 
of vegetation t h a t  survives. We can also see an impact on the  
s o i l  cha rac t e r i s t i c s  a t  those elevation levels .  We have a lso  
seen and noted with the  thermometer, d i s t i n c t  inversion zones 
a t  those levels .  There i s  another one a t  75 meters below sea 
level .  There i s  another micro climate a t  each of t he  in t e r io r  
basins. They a re  very f l a t  and have a very hot windy daytime 
climate. A t  night they cool off and rad ia te  the  heat very 
quickly. The n q x t  d ivis ion i n  climate, comes across the  c re s t  
of the mountains i n  f ront  of us .  I t  s t a r t s  i n  Somalia and 
follows the  mountains past Randa towards Khor Angar. The 
prevailing moist w i n d s  a r e  from the eas t  and tha t  causes the  
r a ins  t o  p rec ip i t a t e  from the low mountains seaward. What we 
a r e  seeing here i s  the  humid s ide  of t h a t  lower elevation.  I t  
w i l l  r a in  more frequently here than i n  other places. The most 
r a i n  we find i s  i n  the  upper mountain regions. You w i l l  notice 
we a re  close t o  200 t o  250 meters a t  t h i s  point. I t  seems t h a t  
a t  350 meters, we have the  humid inversion zone frov the  sea. 
I t  i s  a t  t ha t  l eve l  t h a t  humidity s tays  below and above it 
s t a r t s  t o  dry up. We come up above t h i s  l i t t l e  c r e s t  here 
about 2 2  Km and you w i l l  find it seems a  b i t  dry again. We 
move out of the  humid climate in to  the  dry one. A t  t he  en2 of 
three  dry years, there  was no grass, no herbs of any type. The 
only thing you could see was the  bushes. After r a ins ,  qrass  
comes up  short ly .  We s e e  them grazing t h i s  qrass,  but w e  do 
not know what the  nu t r i t i ve  value i s .  The nomads do have 
t rad i t ions  of preserving areas of t h i s  grass when it d r i e s  up 
for  drying periods. They have a  kind of draught proqram. 
Certain sections a re  saved u n t i l  things r e a l l y  qe t  desperate. 
I  think t h i s  area  by the  sea was one of those areas. 

23 Km The l i t t l e  c l i f f  where i t  ge ts  cooler and dryer i s  here a t  23 
Km. You can f e e l  it and you can see it i s  get t ing c learer .  We 
a re  get t ing r i d  of some of the  moisture haze. 

24 Km Look a t  the  cut of the  Jaban Eas s o i l  which i s  very similar  t o  
the  Guister s o i l .  There was a  charac te r i s t ic  about t h i s  s o i l  I 
wanted t o  note. A t  t he  end of 3  years of essen t ia l ly  no r a in  
i n  the  area, we d i d  not have any growth i n  t he  vegetation. 
When the r a i n  came the  vegetation did not respond quickly. I t  
qu i t e  surprised me because I  know it rained here -- I  saw it  
raining.  I  thought it must be a  problem of i n f i l t r a t i o n ,  not 



get t ing  enough water i n  the  root zone t o  cause the plant  t o  
grow. I t  turned out ,  t h i s  year when the ra ins  came, everything 
greened up very well. My conclusion was t h a t  a f t e r  3 years of 
accumulating the  s a l t s ,  the  plants  could not respond t o  the  
f i r s t  rains.  We a re  only talking about a  matter of a  few 
inches of ra in ,  but l a s t  years '  ra in  leached the  upper horizon 
1 0  t o  15 cm. so t h i s  year they were not f ight ing so much s a l t .  
When the present year ' s  ra in  came the vegetation f lourished.  
I t  tends t o  lend support t h a t  the  s a l t  accumulation i s  from the  
atmosphere. I t  i s  t rue  t h a t  a t  the  end of the  wet season when 
it f ina l ly  d r i e s  out,  the  s a l t  should r a i s e  i n  t h e  s o i l ,  the  
dry subsoil  w i l l  dry out  the  moisture too, thus prec ip i ta t ing  
s a l t s  deeper a lso .  The subsoil  i s  as dry as t h e  top s o i l  so 
when the  section i s  wet we have a  drying going below so we can 
p u l l  s a l t s  out  of the system. That i s  a  f ac t  t h a t  has t o  be 
remembered when s tor ing s a l t  below the i r r iga t ed  areas.  You do 
not ever want t o  wet the  subsoils below the  s o i l  zone t h a t  you 
a r e  t rying t o  deposit  t he  s a l t .  So eventually you m u s t  dry out  
your whole s o i l  column. I t ' s  l ike  trying t o  make s o i l  forminq 
processes work fo r  us. 

26 Km On the  l e f t  we have the  canyon of the Ambouli r iver .  There i s  
a  flood gauge i n  Oueha. The Germans have measured a  flood t h a t  
l e f t  Oueha and arr ived a t  Ambouli. During t h a t  period of time, 
2 million cubic meters of water was i n f i l t r a t e d  i n t o  the  wadi 
bed. To give an indication of the amount of good f resh  water 
t h a t  we can ge t ,  t h i s  r ive r  floods a t  Ambouli f ive  time a  year. 

2 7  Km Here we a re  a t  600 meters. You see the vegetation is  ge t t ing  
t a l l e r  and denser. Almost every year they w i l l  ge t  some rain.  
We have exactly the same kind of vegetative zone on t h e  north 
s ide  of the Gulf of Tadjoura a t  the same elevation although the  
s o i l s  a r e  a  l i t t l e  be t t e r  weathered over there. Then we have 
the  Arta s o i l  regime a t  900 meters, just up the  h i l l  on t h e  
r igh t .  You see the  upper par t  of tha t  h i l l  there  i s  another 
c l imat ic  zone and there  we have a  vegetation change. We have a  
couple of d i f f e r e n t  kinds of bush species t h a t  grow up there.  
Here we have a  s l i g h t l y  d i f fe ren t  combination of species. U p  
there  we have some new species and they occur above 900 meters 
a l l  around the  country. Also, above 600 meters i s  where we 
s t a r t  encountering Mollisols providing t h a t  it i s  level .  I f  it 
s t a r t s  sloping then there  i s  too much run-off and s o i l s  do not 
q u i t e  get  dark enough for  a  Mollic espipedon. On t he  plateaus 
above 600 meters there  a re  Mollisols and b e t t e r  Mollisols above 
900 meters elevation. The Ambouli watershed i s  one of the  
la rges t  i n  t h e  country and of course produces water for  the  
c i t y  of Djibouti. 

29 Km As you drive along you see t h a t  the tops of the (undisturbed 
rocks a re  black when they are  mved the bottom i s  white. That 
i s  because the  top has deser t  varnish t h a t  i s  ferro-maqnesium 
deposit  t h a t  happens on t h e  top side of the rock. The bottom 
s ide  has an accumulation of white calcum carbonate. The 
carbonate r ich  waters, t he  l a s t  water i n  t he  s o i l  a t  the  end of 
the  dry season prec ip i ta tes  low under the  bottom of t h e  hot  



rock so when you t u r n  them over you have a white s ide  and a 
black side. The depth of the  white coatings t e l l s  us how f a r  
the  s o i l  i s  wet i n  most years, it leaches most of the  carbonate 
out  and prec ip i ta tes  it lower. This i s  why no water reaches 
the  ground water t ab le  through the s o i l  because one can see 
t h a t  the  carbonates have been precipi ta t ing out  a t  about 20 cm 
and only i n  very r a re  years have they ever wet the  s o i l  much 
fur ther  than tha t .  Of course, the  ground water a t  300 meters 
jus t  could not be reached by so l i t t l e  water. Therefore the  
water has t o  run off t he  slopes and congregate in to  the  channel 
of the wadi where it can recharge the  ground water. We a re  
crossing a bridge over a channel going down i n t o  the  Ambouli 
r i ve r  on the  l e f t .  The water has t o  r u n  off  these roads in to  
t h a t  channel. The channels a r e  usually along f rac ture  zones i n  
the  rock, so the  rock has been ground up due t o  the  movement 
during seismic a c t i v i t y  i n  the  area. Then the  water can flow 
down in to  the  water t ab le  there. The run-off r a t e s  a re  between 
5 and 65 mm annually. Average ra in  f a l l  i s  between 60 and 240 
mm per year. Most of the  run-off i n f i l t r a t e s  in to  the  wadi bed. 
Very l i t t l e  of t he  water actual ly  reaches the  sea. After a 
ra in ,  there  w i l l  be very l i t t l e  surface water i n  t he  r ive r  
because there  i s  not much evaporation. Probably 90% o r  more of 
t he  water t h a t  enters t he  wadi i s  infact  entering the  allunuim 
and the  subsurface water. There i s  a family of baboons t h a t  
l i ve  in t h i s  area. There i s  another family t h a t  l i ves  a t  Arta. 
We are  now i n t o  the  wayward side,  t he  rainy s ide  of the  
mountain. You have t o  take note of the  height and density of 
the  vegetation. We estimated t h a t  the bush is  represented here 
between 5 and 15% cover depending upon where they were in  the  
t e r r a in .  Now here you see Calcic horizon i n  the  s o i l .  I  do 
not think we have enough calcium carbonate t o  make it a ca lc ic .  
B u t  you see a white calcium carbonate deposit a t  about 20 cm 
depths. These s o i l s  on the  r igh t  of these steep slopes a re  the  
Oueah so i l s .  On the  l e f t  s ide ,  along the canyon banks, we have 
the  Holl-Holl s o i l s .  They a re  very s imilar  s o i l s ,  but the  
Holl-Holl s o i l  i s  a very steep canyon s o i l  with a l o t  of 
outcrop. Here is  a c l i f f  i n  t h e  lava flow as opposed t o  these 
mountains which a re  layers of lava, but overa l l  a land use 
d i s t inc t ion  needs t o  be made. Between these so i l s ,  
descriptions show qu i t e  d i f f e ren t  s o i l s  but they are a l i t t l e  
hard t o  separate i n  the  f i e l d .  There was a lava flow tha t  
followed t h i s  vally out t o  Djibouti City. Apparently it did 
t h a t  2 o r  3 times. 

32Km We are  crossing the  Ambouli r i ve r  a t  Oueah. This is  the  flood 
guage on the  r igh t .  The other  guage i s  i n  Ambouli. I t  i s  from 
here t o  there  t h a t  i n  one ra in  enough water enters the  wadi bed 
t o  i r r i g a t e  2 square kilometers per flood. Djibouti should 
need somewhere in  the  neighborhood of 250 t o  400 square 
kilometers t o  produce a l l  t he  food t o  feed the  population. The 
t e r r ace  s o i l  here i s  a Dijon Der. These l i t t l e  t e r race  
posit ions w i l l  be sought out  for  agr icul ture  also. Here we see 
another kind of representative of D i  jon Der. 



34 Krn A road tha t  goes up t h i s  wadi over the  mountains and a r r ives  a t  
Holl-Holl stands here. I t  i s  a  very d i f f i c u l t  t r i p .  Upstream 
we see the  kind of t e r races  one could be u s i n u  the  water up  
here before it goes past the  dam point. 

36.8Km Here we can turn off  t o  Arta Plane. A t  the  turnoff we have a  
waterfa l l  which i s  f a l l i ng  off  the  edge of the  lava flow t h a t  
follows t h i s  valley. The lava flow i s  a  backward sloping lava 
flow t o  some extent  and there  i s  alluvium pi led on top of it 
t h i s  i s  what we c a l l  a  knic-point. That i s  a  point where the 
erosion i s  f i n a l l y  coming up the  r iver .  The water t h a t  
i n f i l t r a t e s  on the upper r iver  s ide  as we continue along from 
the  turnoff i s  held i n  the  alluvium and it proceeds slowly t o  
the knic-point; t o  the  natural  dam. The rock has formed a  
natural  dam. There i s  permanent water a t  the  bottom of the 
water f a l l .  That water i s  t he re  because the  water has 
i n f i l t r a t e d  during a  flood up t h i s  s ide .  This i s  a  source of 
water for i r r i g a t i o n  i n  agr icul ture .  We have t o  find a l l  these 
l i t t l e  places where the  flow ins ide  the  channel has been 
retarded so tha t  we can have between one week and 3  months, 
maybe s ix  months, of water ava i l ab i l i t y  a f t e r  a  flood happens. 
Each farmer w i l l  have t o  ca lcu la te  how much i n f i l t r a t e d  i n  h i s  
sect ion of the  wadi channel during each one of the floods. 
Then he knows how much water he has t o  r a i s e  a  crop and he can 
plant  appropriately. 

38 Km Here i s  the Didjan Der s o i l  s i t e .  This i s  the  te r race  deposit. 
This i s  one of the be t t e r  agr icu l tura l  s o i l s .  I t  probably w i l l  
be used more for cereal  grains than anything e l se .  This stony 
o r  gravelly s o i l  with i t s  ca l c i c  horizon i s  very common on the 
second terraces.  One of t he  ways we can t e l l  where the  water i s  
i n  the  alluviam is  by watching the vegetation. You see the  
t r e e s  a re  green now t h a t  we a re  i n  the dry period. You can 
t e l l  by the  s ize  of the  t r e e s  t h a t  they a r e  s t i l l  get t ing water 
so  there  m u s t  have been more water stored i n  t h i s  region or the  
water i s  avai lable  over a  longer period of time. One would 
want t o  check t h i s  place out a s  a  possible place t o  do some 
agr i cu l ture .  They vary up and down the  v a l l e y .  Dr. Merekt 
f e l t  there  were three  levels  of t e r races  i n  Djibouti outside of 
t h e  flood plain.  We are  on the second level  r igh t  now. There 
i s  one more level  along the  sides of t he  h i l l s  here t h a t  he 
noted. There were probably th ree  d i s t i n c t  episodes of the  
elevation change of the  general t e r r a in ,  or  lowering of t he  sea 
leve l  i f  you prefer tha t .  

40.2 Krn You w i l l  notice the  vegetation has changed considerably, the  
bushes a re  shor ter ,  t he  vegetation i s  more sparse. We see more 
herbs i n  t h i s  area,  i f  it happens t o  be a  year when there  has 
been enough r a in  for the  herbs and grasses can qrow. We are  
past  the  wet s ide  the r a ins  occur on the  f ront  s ide  of t he  
mountains. We are  moving in to  the  arid portion of the land, 
around 300 t o  400 meters high. We a re  i n  a  warm arid reqion 
traveling along an old t e r r ace  and these gravelly s o i l s  would 
be very su i t ab le  for agr icu l ture  i f  we could find the  water. 
As a  r u l e  of thumb, I  would consider t h a t  you could i r r i g a t e  



one square meter of land for  every square meter of channel t h a t  
you have available.  That always depends on many factors  l i ke  
whether the  channel could hold t h a t  amount of water or  not, so 
you see there  i s  f a r  more land here than there  i s  water 
avai lable  t o  i r r i g a t e  it. We are  about t o  approach one of the  
government farms. This i s  cal led the  GENIE Rural farm because 
it was developed on a well t h a t  was d r i l l e d  by GENIE Rural for  
t h e  road t h a t  we a re  driving on. This pa r t i cu la r  well i s  using 
water from the  alluvium t h a t  enters the  channel i n  associat ion 
with the  knic-point t h a t  we saw way down stream. The qua l i ty  
of t he  water i s  p re t ty  good i n  t h i s  well. The management of 
t he  land i s n ' t  t h a t  good. I n  fac t ,  there  i s  a small garden 
here. I t  i s  an example of t he  mechanism of the  natural  dam 
retarding the  subsurface flow i n  t he  channel and making the  
water avai lable  for  a longer period of time t o  e s t ab l i sh  a 
garden. 

4 3  Km Once again, looking ahead, we can see the  green t r ees  showing 
t h a t  there  i s  a natural  dam here t o  our r igh t  and it has been 
holding the  water back up in to  tha t  valley. A s  a r e su l t ,  we 
a r e  seeing the  increased grawth on the  vegetation. The geology 
of the  country i s  i n  many respects rather simple. I t  i s  mostly 
layers of b a s a l t i c  rock t h a t  overlays a rhyol i te .  There i s  a 
sandstone below the  rhyoli te .  There a re  some areas of rhyol i te  
exposure i n  both the  north and south par t s  of t he  country. The 
r h y o l i t i c  areas are  very i n f e r t i l e  and poorly developed i n  
terms of s o i l  character is t ics .  The b a s a l t i c  sediment i s  
another c lass  of s o i l  material.  We have the  playa sediments 
and these valley sediments. That p re t ty  much cons t i tu tes  the  
geology. 

44.3 Km The white buildings t o  the  r igh t  are  the  we11 s i t e  for  
building the  road and they used t h i s  water t o  develop the  small 
i r r i g a t e d  farm there. Jus t  as you come up the  h i l l  from t h i s  
small stream, look t o  your r ight .  You w i l l  see an abandoned 
farm. One of Dj ibout i ' s  resources a re  the  mountains. The 
mountains encourage ra in  and cause the  water t o  run rapidly so 
they form good watersheds. Furthermore, t he  s o i l s  a r e  th in  
over re la t ive ly  unfractured rock. As a r e su l t ,  t he  water a lso  
runs off t he  surface ra ther  than penetrating t h e  ground. Since 
the  r a i n f a l l  i s  very low you want maximum run-off, so tha t  it 
w i l l  be concentrated i n  a usable quanti ty.  A watershed i s  an 
important land use for  t h i s  country. Most people want t o  go 
i n t o  vegetables because of t h e  high r a t e  of re turn but t he  
problem with t h a t  i s  t ha t  not everyone can r a i s e  vegetables. 
Most ag r i cu l tu ra l  land i s  dedicated t o  cereals  and row crops. 

47.6 Km T u r n  off t o  Lac Easal. Most people want t o  r a i s e  vegetables 
but actually vegetables represent a very small par t  of the  
ag r i cu l tu ra l  picture.  Most of t he  land has t o  be dedicated t o  
o i l s ,  cereals ,  and forages. For vegetables and f r u i t s  you must 
pick your most r e l i ab le  and highest qual i ty  water resources. 
Those occur on the  north s ide  where t h e  mountains a r e  higher 
and the  r a ins  occur more frequently and the  run-off is b e t t e r  
because the  slopes a re  steeper. The areas along the  wadis tha t  



we have seen here on t h i s  road t o  Dikhil, a r e  probably more 
su i tab le  for ra is ing cereals  t h a t  grow quickly. Any r a i n  t h a t  
comes through can give enough water for one t o  two months thus 
ra is ing e i ther  cereals  or forage. I n  fac t ,  maybe t h i s  i s  
bet ter  for forage because you can r a i s e  grass and preserve it 
for the  dry years and have good d is t r ibu t ion  of grazing for 
your range land That way you can manage the range on a local  
basis .  A man can l i v e  on t h i s  valley,  graze off  the  region 
around him and bring h i s  herd in to  ea t  the  hay t h a t  he has 
spent years ra i s ing  when the  dry period comes. That requires  
more d i s t r ibu t ion  of the  populace throughout the  countryside. 
In t h a t  sense, it i s  very good tha t  the  water resource i s  well 
d is t r ibuted ra ther  than having a good aquifer t h a t  would cause 
the  people t o  congregate. The re turns  on i r r iga t ed  grass i s  
almost equal t o  t h a t  of many of the  vegetable crops. I t  i s  
easier  t o  r a i se ,  i t  uses l e s s  water and the market i s  more 
s table .  The area t h a t  should have enough run-off water t o  
supply a l l  the vegetables i s  on the  Sadii r iver  i n  the  north. 
Fru i t s  can be d i s t r ibu ted  along a l l  the  streams and watersheds 
from the north of there,  Sadii  towards Tad joura, Randa and the  
area around the Gobaad. I t  r a ins  more frequently there .  The 
very gravelly s o i l  could support bushes and t r e e s  and vine 
crops. Otherwise we are  looking a t  cereals .  Cereals do 
require from 2 t o  4 months of available water. These 
conditions a r e  more l i ke ly  t o  occur along the  wadis which have 
a larger supply of water over a longer period. The Gobaad and 
the  Cheketti wadis, and even the Bissidrou area  on the  Weima 
wadi represent channel beds t h a t  are  frequently flooded and 
have thick alluvium for storage of large quant i t i es  of water. 

46 Km Here i s  the  garden developedwith the  water from a well tapping 
the  alluvium aquifer associated with the  lava dam downstream. 
The country i s  blessed with the  mountains t h a t  i s  needed i n  a 
watershed. Now i f  the  land were f l a t ,  i t  would be r e a l l y  
useless, but i t  sheds water r ea l ly  quickly and high run-off i s  
an important factor ,  gathering t h a t  l i t t l e  b i t  of water i n t o  a 
s ingle  place. I t  i s  shedding water about as  e f f i c i e n t l y  a s  i f  
it were designed for t h a t  purpose. 

48 Km Looking ahead, we see we have passed the  c re s t  of the  mountain. 
We are  in to  the leeward s ide  of the  mountains in to  the  r a i n  
shadow. You w i l l  not ice  the  s i ze  of the  t r e e s  has dropped 
markedly on the  forward h i l l s  compared t o  what we see on the  
l e f t  and the  sparci ty  i s  greater .  We don ' t  see  grass here  as 
often.  We are  now entering the  in t e r io r  climate. 

49.8 Km We are  a t  the  turnoff t o  Tadjoura and Lac Easal. As you 
notice, because of t he  run-off and the  150 mm of r a in  a year, 
there  i s  no s a l t  accumulation i n  the s o i l .  Earl ier  there  was a 
r e a l  worry about t h i s .  Djibouti was cal led a s a l t y  area. One of 
t he  sources causing t h a t  confusion comes from a regional map 
t h a t  was made by the  United Nations. I t  declared t h a t  these 
s o i l s  have a high s a l t  content. In h i s  def in i t ion  of s a l t  he 
was including calcium carbonate. This has caused consternation 
because calcium carbonate i s  not the  problem tha t  sodium s a l t  



are .  There a r e  not many sodium s a l t s  accumulated i n  t h e  s o i l s  
he re  t h a t  cause any ser ious  problems. Therefore, t h e r e  a re  no 
a l k a l i  s o i l s ,  and I th ink t h a t  t he  amount of calcium carbonate 
i s  not even t h a t  ser ious .  We have some marl deposi ts  t h a t  
won't support any vegetat ion because of t h e  high calcium 
carbonate. Here we have 10 or  20 cm of A horizon or upper 

. horizon t h a t  i s  leached of carbonates. 

52 Krn We can now see  here  the  opening on t o  t h e  P e t i t e  Bara o r  Badda 
Yar i n  Somali. We a r e  s t a r t i n g  t o  see some of t h e  p ro j ec t s  t h e  
country t r i e d  very ea r ly  around independence or before 
independence t o  look a t  t he  agr icu l tu ra l  po t en t i a l  using some 
of the  wells t h a t  had been dug for t h i s  road. B u t  more 
important, i n  t he  P e t i t e  Bara we have a  s o i l  ca l l ed  Aada which 
i s  a  sandy sediment, a  coluvium deposited over t he  top of t h e  
previous lake mineral. This i s  one of our be t t e r  ag r i cu l tu r a l  
s o i l s  but it has no water source except r a i n  water run-off.  
There i s  a  l o t  of sheet  erosion here and the re  i s  run-off from 
t h e  local  mountains nearby. We would l i k e  t o  see  some run-off 
ag r i cu l tu r e  developed here  and have the  s torage here  i n  t h e  
ac tua l  s o i l  where the  farming is going t o  happen. Then plant  
t h e  vegetation t h a t  w i l l  respond t o  wetting the  s o i l  t he  number 
of times t h a t  it r a in s .  There i s  some data  t o  be col lec ted  i n  
terms of c l imat ic  conditions before recommendations can be 
made. The house on the  r i g h t  i s  a  well house. The well  
f a i l e d .  I t  was expected t h a t  some development could happen on 
t he  l e f t .  A p ro jec t  was s t a r t e d  t o  put some people over on the  
l e f t  t o  do the  developing before t he  well was f inished.  The 
well  broke down. The water was a l so  of poor qua l i ty .  They had 
t o  abandon t h i s  p ro jec t .  Herewe a r e t a k i n g  8 p a r t s  per 
mil l ion boron and 2,500 p a r t s  per mil l ion t o t a l  s a l t s .  The 
P e t i t e  Bara i s  a  good place  t o  t a l k  about gazel les ,  e spec ia l ly  
i n  the winter time because we of ten  see them here.  The 
Thompson Gazelle is t he  symbol of Djibouti .  The one with t h e  
l i t t l e  black s t r i p  on the  s ide .  They a r e  beau t i fu l  l i t t l e  
animals. There i s  a l s o  a  long necked g i r a f f e  gaze l le  and a  
t h i r d  kind of an intermediate s i ze ,  but t he  Thompson gaze l l e  i s  
t h e  more common one. I t  i s  kind of a loner.  The Dig-dig is  
deer-type of gaze l le  and occupies the  pos i t ion  i n  t he  ecolosy 
here  t h a t  t he  jack r a b b i t  does i n  Texas. I t  i s  about the  same 
s i ze  a s  t he  jack r a b b i t ,  with long back legs.  I t  i s always i n  
pa i r s .  I f  one of t h e  pai r  d i e s ,  t he  other w i l l  d i e  of 
lonel iness.  Djibouti  i s  a l s o  presumed t o  be the  home of t h e  
donkey. I t  ac tua l l y  evolved i n  t h i s  area. Knowing donkeys, I 
can see it i s  probably t rue .  They would survive qu i t e  well 
here.  Djiboutian camels were very renowned here,  and probably 
s t i l l  are .  They a r e  excel lent  milking camels. There a re  i n  
good sleek condition. They r a i s ed  a  l o t  of camels and sen t  
them over the  the  Arabs for  centur ies .  One of t he  items t h a t  
should be encouraged i s  for someone t o  look ser ious ly  i n t o  a  
weather modification i n  Djibouti .  We have a  l o t  more humidy 
than we a r e  ge t t i ng  r a i n  out of .  That i s  because t h e  mountains 
a r e  not high enough t o  cause the  p rec ip i t a t ion  necessary. 
Since we a r e  looking a t  a  random d i s t r i bu t ion  of t he  r a i n  
anyway, you a re  not going t o  be confined t o  making it r a i n  i n  a  



g i v e n  p l a c e  and  the  f a c t  t h a t  t h e r e  are  s e a s o n s  when e v e r y t h i n u  
i s  r e a d y  t o  r a i n  b u t  i t  d o e s n ' t  q u i t e  d o  so. I t h i n k  a good 
program o f  e x p e r i m e n t a l  w e a t h e r  m o d i f i c a t i o n  would be 
a p p r o p r i a t e  here i n  D j i b o u t i .  I a l so  would l i k e  t o  see them 
p u t  i n  a t  l ea s t  t w o  Dopple r  r a d a r  s t a t i o n s .  The weather p e o p l e  
h a v e  d e v e l o p e d  a r a d a r  t h a t  w i l l  r e c o r d  how much w a t e r  i s  i n  
t h e  a i r  and whe re  it i s  a t .  T h i s  would be a n  e x c e l l e n t  way t o  
k e e p  t r a c k  o f  whe re  t h e  r a i n  f e l l  and  how much f e l l  i n  a n  area 
so t h a t  you c a n  a d v i s e  t h e  f a r m e r s  a s  t o  w h a t  h i s  water 
a v a i l a b i l i t y  would be. I d o  n o t  t h i n k  it would be t h a t  
e x p e n s i v e .  I t  i s  a p r e t t y  r e a s o n a b l e  o p e r a t i o n  and i t  would 
s e e m  t o  m e  t o  be p r e t t y  e a s y  t o  d o u b l e  t h e  r a i n f a l l  i n  t h i s  
c o u n t r y ,  g o i n g  from 1 5 0  mm t o  3 0 0  mm. 

5 2 . 4  Km The area c l e a r e d  o f  r o c k s  t o  t h e  l e f t  i s  t h e  p r o p o s e d  
project t h a t  f a i l e d .  I t  w a s  l e a r n e d  f r o m  t h i s  o n e  s h o u l d  n o t  
clear t h e  l a n d  u n t i l  o n e  knows t h e y  h a v e  t h e  water s o u r c e .  
T h i s  i s  t h e  best example  you w i l l  see o f  t h e  bara, t h e  p l a y a  
s y s t e m .  These  are  v e r y  i n t e r e s t i n g  i n  t e r m s  o f  a g r i c u l t u r e  and  
h y d r o l o g y .  They u s u a l l y  h a v e  a nar row w a t e r s h e d  a r o u n d  t h e  
e d g e  and  t h e  water r u n s  i n t o  them. This o n e  h a p p e n s  t o  be o p e n  
o n  o n e  end and t h e  water d r a i n s  i n t o  t h e  Ambouli r i v e r  s y s t e m .  
Many o f  them are c l o s e d  o n  t h e  l o w e s t  e n d .  The s o i l  w e  are 
d r i v i n g  o n  i s  t h e  Aada s o i l .  I t  i s  a n  e x c e l l e n t  a a r i c u l t u r a l  
s o i l .  I t  i s  a s a n d  t h a t  h a s  a c c u m u l a t e d  f rom t h e  r i v e r s '  
e n t e r i n g  a l o n g  t h e  l e f t  s i d e  o f  t h e  p l a y a .  I t  c o v e r s  t h e  s i l t  
a n d  t h e  c l a y s  o f  t h e  o ld  P l e i s t o c e n e  l a k e  t h a t  w a s  h e r e .  They 
a r e  v e r y  good a g r i c u l t u r a l  soils and r e s p o n d  we11 t o  
i r r i g a t i o n ,  b u t  t h e  g r o u n d  water h e r e  i s  p a r t i c u l a r l y  s a l t y  and  
u n s u i t a b l e .  What o n e  would l i k e  t o  see i s  a s y s t e m  o f  b u n d i n g .  
T h a t  i s  a k i n d  o f  l o n g  embankment t h a t  c o n t r o l s  t h e  s h e e t  
e r o s i o n .  I n  t h i s  case, t h e  s h e e t  e r o s i o n  c o n c e n t r a t e s  t h e  
w a t e r  a s  s o o n  as  i t  r a i n s ,  so t h a t  p e r e n i a l  g r a s s e s  w i l l  
r e s p o n d  t o  t h e  e x t r a  w a t e r .  I f  a s e c o n d  r a i n  d o e s  n o t  come, 
a n d  t h e  g r a s s  b e g i n s  t o  w i t h e r ,  it c a n  be c u t  and  u sed  f o r  
f o r a g e .  This p r a c t i c e  c a n  be d o n e  a l l  t h e  way t o  t h e  
m o u n t a i n s .  Bunding i s  d o n e i n  Soma l i a ,  I n d i a ,  Sudan and 
Tunsia .  The farmers h e r e  ought to  b e  g i v e n  t i t l e  to watersheds  
and  sub-water  s h e d s .  P r o p e r t y  b o u n d a r i e s  o u g h t  t o  be b a s e d  by  
t h e  way t h e  w a t e r  r u n s  o f f  t h e  l a n d  so a man h a s  c o n t r o l  o v e r  
h i s  w a t e r  r i g h t s  r a t h e r  t h a n  any  o t h e r  c h a r a c t e r i s t i c s  s i n c e  
the  l a n d  h a s  n o t  b e e n  s u b d i v i d e d  y e t .  T h i s  does r emind  o n e  of 
Nevada,  West Texas ,  A r i z o n a  and  par t s  o f  S o u t h e r n  C a l i f o r n i a .  
I n  f a c t  we  h a v e  s o i l  z o n e s  described i n  those areas a n d  w e  
c o r r e l a t e  d i r e c t l y  w i t h  them.  By the way, o n  t h e  P e t i t e  B a r a  
and  t h e  Grand B a r a  k e e p  a n  e y e  o u t  f o r  g a z e l l e s ,  q o a t s  and  
came l s .  There are many i-abbits, skunk ,  j a c k e l s ,  f o x  and h y e n a s  
t h a t  are  a s e r i o u s  problem when f a r m i n g  b e g i n s .  T h e r e  are  a l so  
chipmunks,  s q u i r r e l s ,  c h e t a ,  or l e a p o r d  t y p e  ca t  h e r e  and  f rom 
t i m e  t o  t i m e  a l i o n .  By t h e  way t h e  P e t i t e  Bara i s  o n  t h e  
c a t t l e  t r a i l  for b r i n g i n g  t h e  l i v e s t o c k  from t h e  E t h i o p i a n  
h i g h l a n d s  t o  t h i s  pa r t  of D j i b o u t i  f o r  sale.  T h i s  i s  t h e  o l d  
nomadic t r a i l  . 



63 Km T h i s  i s  the  S o r t i r ,  Somali for a land divide, and separates the  
Pe t i t e  Bara and the  Grand Rara. On the l e f t  a r e  two white 
buildings t h a t  a r e  a well t h a t  was d r i l l ed .  I t  proved t o  have 
too much s a l t  on the  water and far  too much boron for 
agr icu l tura l  development. B u t  the  l i t t l e  plain there  has very 
good so i l s .  Some local  development can be done with run-off 
and bunding and a l o t  of surface water. If  you look c losely ,  
you w i l l  see the  l i t t l e  small channels, the  gu l l i e s  of erosion. 
Water can be stored a t  other places than behind dams and the  
s o i l  i s  an important one. I t  canhold  far  more water than a 
dam because 10 t o  20% storage capabi l i ty  i n  one meter over 
several square kilometers i s  a  l o t  of storage. I  bel ieve t h a t  
t he  natural  erosion system has developed the  natural  dams where 
they a re  and t h i s  condition can be exploited. Further,  it i s  a 
flow through system t h a t  can handle the overflow well and it 
can a lso  absorb well i n t o  the wadi bed. No matter what you 
build out there ,  a f t e r  100 years you would have just  a s  much 
water flowing through and out of the  system as  you do now. 
Temporarily you may hold up some of the water, but i n  f a c t  you 
would reduce the  i n f i l t r a t i o n  r a t e .  I t  i s  best  t o  iden t i fy  
where nature already has e f fec t ive  dams and i s  s tor ing the  
water i n  the subsurface. The water i s  stored i n  a  reservior  
the  evaporation r a t e  here i s  probably between 3 t o  5  meters per 
year. This i s  i n  terms of evaporation r a t e s  of 1 t o  2 cm/day. 

67.2 Krn We a r e  coming d w n  on the playa and t o  the  l e f t  you see a 
l i t t l e  patch of t r e e s  way off  i n  the distance. That was 
another well,  d r i l l e d  on government land again, I t  i s  far  too 
s a l t y .  The t r e e s  they put i n  a s  a wind break a r e  s t i l l  
surviving but it i s  not producing. You w i l l  notice there  w i l l  
be mirages on t h i s  playa. I t  i s  simply the l i gh t  r e f l ec t ing  of f  
the  heat  waves. This playa floods between three  and f ive  times 
a year. These s o i l s  a r e  not s a l t y ,  they have a good texture  
and probably a t  one time, i n  the  long past ,  were supporting 
vegetation when the  climate was more humid. During Pliestocene 
time, t h i s  was a lake. The reason t h i s  i s  barren i s  i t  floods 
o f t e n  enough t o  kill t h e  a r i d  v e g e t a t i o n  and t h e  w a t e r  d o e s  n o t  
remain long enough t o  support vegetation t h a t  requires  more 
moisture. There a re  10 or 20 cm of water t ha t  floods t h i s  
basin and when it f i n a l l y  i n f i l t r a t e s  and evaporates, i t  leaves 
a c rus t  of s i l t  or t h e  surface which i s  very hard for seeds t o  
penetrate. A s  a  r e s u l t ,  we have t h i s  barren pla in .  These 
s o i l s  could be managed and brought in to  production. I t  would 
be wiser though, t o  develop the  sandier s o i l s  around the  edge. 
B u t ,  a  l o t  of water i s  stored i n  the surface of t h i s  playa and 
by concentrating it with di tching,  and embankments an the  
outside areas and encouraging the i n f i l t r a t i o n ,  it would  be 
possible t o  accomplish a cer ta in  amount of agr icul ture .  This 
watershed i s  900 square kilometers i n  the Gran Bara watershed 
and the  f l a t  pa r t  of the  Grand Bara i s  2 2 5  square kilometers. 
There i s  only enough water here t o  i r r i g a t e  about 90 square 
kilometers and t h a t  would be i n  cereal  and forage. These 
playas i n  various s i z e s  a re  well d is t r ibuted about the  country. 
The f ac t  t ha t  they do accumulate water makes them a prime 



t a rge t  for rain-fed i r r iga t ion .  In agr icul ture  l i k e  the  
grasslands, preserved forage can be well d is t r ibuted around the  
country for  the  dry years. Djibouti needs range management 
instead of nomadism. Nomadism means you can pick up and ao 
wherever you want to .  You s tay with the  livestock. Range 
means you and your livestock have a  limited area but you manage 
the  livestock by the  d i s t r ibu t ion  of water and s a l t  using these 
fac tors  t o  provide the animals needs. On the l e f t  s ide  of the  
road, you w i l l  not ice  the re  i s  erosion from the lake t h a t  i s  
formed by the  water coming i n  and the  road being b u i l t  here i s  
holding the  water back from get t ing in to  the barren f l a t s .  
They a re  doing a l l  kinds of repa i r s  t o  preserve the road 
i t s e l f .  Actually, t he  protective s t ructures  they have 
developed along here a re  an example of the  kind of bunding we 
need t o  concentrate the water and increase the veqetation. 

7 9  Km Now we are  approaching the turnoff for E l i  Sabieh. Beyond 
there  i s  Mouloud and a f t e r  t h i s  turnoff ,  t o  your l e f t ,  you w i l l  
see the embankments t h a t  were designed t o  d iver t  t he  water from 
the  road in to  channels. This i s  an example of the  bunding t h a t  
would be useful i n  concentraing the water so it i n f i l t r a t e s  the  
s o i l  making water avai lable  for a  longer period of time for 
permanent vegetation. We have a  l i t t l e  highway beaut i f ica t ion  
here. They i r r i g a t e  these t r e e s  a t  t h i s  turnoff .  Turning 
toward E l i  Sabieh, on our r igh t ,  you w i l l  see another bunch of 
t r e e s  and buildings. This i s  another well t h a t  was d r i l l e d  for 
t he  road and another agr icu l tura l  s i t e  t h a t  was developed i n  
the  hopes they could r e a l l y  develop the Gr an Bara in to  a  major 
agr icu l tura l  resource. Here, what we see i s  t h e  use of t he  
sandy s o i l s  along the  edge for forage and qrasses t o  eliminate 
t h i s  f eas t  and famine cycle with the  wet and dry years. 
Following up a  small wadi on the  l e f t ,  we see the de l t a  of t h a t  
wadir These d e l t a s  a r e  a l l  su i tab le  t o  agriculture.  I n  t h i s  
case, t h e  channel upstream could have a  system of drainage 
f i e l d s  in s t a l l ed  and the  water brought out t o  t h i s  d e l t a  for 
good agr icu l tura l  production. We are driving up t h i s  way t o  
look a t  a  small garden developed by using the waters returned 
i n  the  w a d i  i t s e l f .  We are c o m i n g  u p  t o  t h e  C a t h o l i c  R e l i e f  
Services Food for Work garden. They have b u i l t  t h i s  a l l  w i t h  
hand labor t h a t  was paid i n  terms of r e l i e f  food. This was 
b u i l t  on the  recommendation of using exactly the  type of thing 
we have been ta lking about. I t  was bu i l t  t o  use the flood 
waters from the wadi system. 

86 Km We are  here a t  t he  garden. The bunch grass you see on the  
mountain i s  what t h e y c a l l d o n k e y g r a s s .  I t  i s  not very 
palatable.  The animals do not care for it very much. They 
a l so  c a l l  it the  grass  t h a t  came with the  Frenchmen. I t  is  
used for a r t h r i t i s  and kidney stone problems. They make a  t e a  
out of it. We can see t h a t  the  natural  dam s i t e  here has held 
up a l l  of t h i s  a l luv ia l  deposits.  So the  r e a l  source of the  
water a t  the  bottom of t h a t  thing is  what has i n f i l t r a t e d  i n  



t h i s  r e g i o n  ups t r eam.  You n o t i c e  t h e  trees a r e  s t i l l  showing 
g r e e n  h e r e  and the  v e g e t a t i o n  i s  t a l l e r  t h a n  w e  w e r e  s e e i n g  o n  
o t h e r  t e r r a i n .  T h a t  i s  a n  i n d i c a t i o n  o f  where t o  s e e k  o u t  t h e  
better w a t e r  r e t e n t i o n  a r e a s .  

8 7  Km Now w e  are i n  t h e  r h y o l i t i c  zone.  You n o t i c e  a n  immedia te  d r o p  
o f f  i n  t h e  amount o f  v e g e t a t i o n .  W e  h a v e  a  v e g e t a t i o n  t y p e  
change  a l s o .  T h i s  bush  w e  h a v e n ' t  s e e n  i n  t h e  lower 
e l e v a t i o n s .  W e  are  a t  a b o u t  700 meters h e r e .  T h i s  i s  
d e f i n i t e l y  w a t e r s h e d  l a n d  use .  T h e r e  i s  e s s e n t i a l l y  no 
g r a z i n g .  They o f t e n  g e t  r a i n s  h e r e  t h e y  d o n ' t  g e t  e l s e w h e r e .  
Now the  n o r t h e r n  p a r t  o f  t h e  c o u n t r y  l o o k s  much l i k e  t h i s  i n  
t h e  r a i n  shadow o n  t h e  back s i d e  o f  t h e  moun ta ins .  They h a v e  a 
l o t  o f  r h y o l i t i c  moun ta ins  up t h e r e  and t h e y  w i l l  h a v e  v e r y  
much t h e  same a p p e a r a n c e .  When I ' m  l o o k i n g  a t  t h e  t rees,  I ' m  
l o o k i n g  s p e c i f i c a l l y  a t  t h e  a c a c i a  a s  a n  i n d i c a t o r  b e c a u s e  t h e y  
grow everywhere .  T h i s  o t h e r  b u s h  i s  a b l e  t o  s t a y  g r e e n  o v e r  a 
l o n g e r  p e r i o d  o f  t i m e .  I t  i s  j u s t  a  more d r o u g h t  t o l e r a n t  
s p e c i e s .  W e  see i t  a  l o t  i n  t h e  wadis .  

90  Km W e  h a v e  come t o  t h e  g u a r d  s t a t i o n  i n  E l i  S a b i e h .  E l i  S a b i e h  i s  
t h e  s i t e  o f  a l a r g e  r e f u g e e  encampment. T h i s  town is  hecoming 
t h e  summer v a c a t i o n  area. 

92  Km W e  a r e  a t  t h e  c o m m i s s i o n e r ' s  h e a d q u a r t e r s .  On t h e  r i g h t  i s  t h e  
r a i l r o a d  g o i n g  t o  Addis  Ababa from D j i b o u t i .  T h i s  i s  o n e  o f  
t h e  r e g i o n s  f o r  w a t e r  s u p p l y .  Water comes from t h o s e  a r e a s  up 
a b o u t  900 meters and  h i g h e r .  T h e r e  i s  o f t e n  r a i n  h e r e  when 
t h e r e  i s  no r a i n  e l s e w h e r e .  W e  d o  n o t  h a v e  r a i n  g a u g e s  i n  t h e  
moun ta ins .  The r a i n  guage  i s  down here so w e  d o n ' t  r e a l l y  know 
how much r a i n  w e  are g e t t i n g .  They g e t  much more r a i n  o u t  h e r e  
i n  t h e s e  l i t t l e  h i l l s  or moun ta ins  t h a n  t h e y  d o  i n  town. 
C a t h o l i c  R e l i e f  S e r v i c e  i s  g o i n g  t o  d o  s o m e  r e f o r e s t i n g  up 
h e r e .  A g r i c u l t u r a l  S e r v i c e  gave  C a t h o l i c  R e l i e f  S e r v i c e  t h i s  
n u r s e r y  o v e r  h e r e  t o  s t a r t  t h e i r  trees w i t h .  They h a v e  done  
much expanding and improving on it. 

96  Km H e r e  a  home w a s  l o c a t e d .  The owner p u t  h i s  w e l l  i n  the  r i g h t  
p l a c e .  T h i s  o n e  s u r v i v e d  b e c a u s e  i t  i s  j u s t  b e h i n d  t h e  n a t u r a l  
dam and he h a s  t h e  i n f i l t r a t i o n  from t h i s  whole r e g i o n  and i t s  
r u n - o f f  f rom way back up t o  t he  s o u t h .  H e  managed t o  m a i n t a i n  
a l i t t l e  g a r d e n  and  t h i s  g a r d e n  seemed t o  h a v e  s u r v i v e d  t h r o u g h  
t h e  whole  sys tem.  P l a c e s  l i k e  t h i s  e s t a b l i s h  t h e  t r a d i t i o n  on  
i r r i g a t e d  a g r i c u l t u r e  w i t h  t h e  r e s e r v o i r ,  t h e  c h a n n e l s ,  t h e  
pump, t h e  hand  dug w e l l  i n  t h e  wadi ,  f e n c i n g  t h e  p e r i m e t e r  and 
t h e  i n u n d a t i o n  t y p e  i r r i g a t i o n  w i t h  t h e  beds .  

9 7  Km W e  are h e r e  a t  t h e  dam s i t e .  T h i s  i s  t h e  Ada Madole dam. W e  
w i l l  be d i s c u s s i n g  some a g r  i c u l t u r  a 1  deve lopment  a l o n g  t h e  
w a d i s  o u t  o f  t h e  v a l l e y  t h e  o t h e r  d i r e c t i o n  from t h e  dam. They 
p r o b a b l y  h a v e  enough forms a l o n g  s o m e  o f  t h e s e  w a d i s  now t o  
s u p p l y  t h e  l o c a l  f r e s h  v e g e t a b l e  marke t .  So  E l i  S a b i e h  ough t  
t o  d e d i c a t e  i t s e l f  t o  some c e r e a l  g r a i n  p r o d u c t i o n  or t h e  o i l  



crops, such a s  sesame for whatever water resources they have. 
We are a t  a peak here,  the  water runs off  towards Layada, Holl- 
Holl i n  one d i rec t ion  and i n  the  other di rect ion it qoes 
s t r a i g h t  i n t o  Somalia and a t  the  other one it qoes over in to  
Etheopia. There a re  th ree  rather major wadis t h a t  have some 
te r races  along the way t h a t  could be planted in to  forage or o i l  
crops. We look t o  the  l e f t  here and see tkre alluvium t h a t  has 
caught the  water upstream and t h a t  i s  the  knic-point or natural  
dam where they have t h e i r  well. I f  they come over here and put 
i n  a drainage f i e l d ,  they could ge t  water. 

103 Km We have crossed the  ra i l road  and we are  i n  f ront  of t he  
commissioner's place. A t  the next stop we a re  going t o  be a t  
Maloud. Maloud was a l so  a s i t e  t ha t  was picked because the  well 
was dug for the road. They developed the agr icul ture  there  
ra ther  d i r ec t ly .  There i s  going t o  be an accumulation of boron 
problem. I t  i s  not the  concentration of boron i n  the  water but 
t he  accumulation of boron with time and evaporation. This i s  
an apportunity t o  see a current  program tha t  was designed t o  
actual ly  do some agr icu l tura l  production. They have been 
se l l i ng  crops of f  of t he  Maloud program. The people have been 
p re t ty  much making the i r  own l iving off the i r  own parcel of 
land. I t  i s  kind of a p i l o t  project .  For a while, they were 
hoping t o  r e s e t t l e  more people i n  t h i s  manner. Without being 
able t o  do it on a d r i l l e d  well basis ,  it s o r t  of stopped 
everything u n t i l  they can get  i n to  the other kind of water 
resource development. 




