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CHAPTER 1 

INTRODUCTION 

1.1 Objec t ives  

The purpose of  t h i s  Annex i s  t o  p r e s e n t  a  f u l l  r e p o r t  on t h e  f i n d -  

i n g s  and recommendations concerning t h e  a g r i c u l t u r a l  con ten t  o f  t h e  

Study. Included is  an  a p p r e c i a t i o n  of t h e  c u r r e n t  s i t u a t i o n ,  

i d e n t i f i c a t i o n  of p o t e n t i a l  fo l lowing t h e  p r o v i s i o n  of  p e r e n n i a l  

i r r i g a t i o n  s u p p l i e s ,  recommendations cover ing  a l l  a s p e c t s  o f  

a g r i c u l t u r e  i n  t h e  p r o j e c t  con tex t  and t h e  e s s e n t i a l  q u a n t i f i c a t i o n  

o f  t h e  i n p u t s ,  y i e l d s  and r e t u r n s .  

The Study Area 

A t o t a l  a r e a  o f  50 000 ha w a s  covered by t h e  s tudy ,  from which 

22 500 ha were chosen f o r  a reconnaissance s o i l  survey.  This  

i n d i c a t e d  t h a t  t h e  g r o s s  i r r i g a b l e  a r e a  is 10 738 ha ,  r e f e r  Annex 1. 

I t  is  t h e  e x i s t i n g  a g r i c u l t u r e  and t h e  p o t e n t i a l  of t h e  i r r i g a b l e  

area wi th  which t h i s  r e p o r t  i s  concerned. The l o c a t i o n  of t h e  

a r e a  i s  shown i n  Figure  1. 

1 .3  Background (1) 

A g r i c u l t u r a l  a c t i v i t y  s t i l l  dominates o t h e r  economic s e c t o r s .  

It  c o n t r i b u t e s  about  50% o f t h e  g r o s s  domestic p roduc t ,  y e t  it 

i s  s t i l l  l a r g e l y  o f  an underdeveloped n a t u r e ,  w i th  low l e v e l s  

o f  technology and p r o d u c t i v i t y ,  and wi th  about  73.3% o f  t h e  

workers i n  t h e  country  engaged i n  t h i s  s e c t o r .  A g r i c u l t u r a l  

p roduc ts  c o n s t i t u t e  about  80-90% o f  t h e  g r o s s  e x p o r t s  of t h e  

country ,  bu t  t h e  va lue  o f  imported a g r i c u l t u r a l  products  is  about  

s i x t e e n  t i m e s  t h a t  of  expor t s .  During t h e  Three-Year Programme, 

t h i s  s e c t o r  ob ta ined  investments  es t imated  t o  be about YR 371 

m i l l i o n  o r  less than  13% o f  t h e  t o t a l  f i x e d  c a p i t a l  formation.  

Cu l t i va t ed  land  is  es t imated  t o  be about 1.5 m i l l i o n  h e c t a r e s  

o r  8% of  t h e  a r e a  o f  t h e  country.  I t  is  a l s o  es t imated  t h a t  



85% of the cultivated land is irrigated by rain water, and about 

90% of this land is planted with cereals. Animal products con- 

tribute about 27% to total agricultural production. The most 

salient obstacles and bottlemecks in the Yemeni agriculture are 

summarized as follows: 

- Need for equipment and support by material potentialities. 

- Shortage of water and the need for a comprehensive survey 

for water sources. 

Failure of the road network to link the various parts of the 

country, although on-going efforts are working to solve 

this problem. 

- Insufficient data and statistics. 

- Absence of price and marketing policy. 

Insufficient agricultural credit system to fully meet the 

needs of the agricultural sector. 

- Absentee ownership of agricultural land, since areas that 

are exploited directly by their owners are estimated to 

be only about 20% of the total cultivated area. Accordingly, 

there is a need to organize the relations between land 

owners and tenant farmers. 

- Poor and insufficient use of fertilizers and insecticides. 

This is in spite of the fact that during the Three Year 

Programme fertilizer use increased three and a half times 

and insecticide use increased ten times over previous prac- 

tice. 

- Limited animal production due to the lack of pastures and 

fodders and because of animal diseases. 

- Weak exploitation of fish resources (11 525 tons instead of 

a potential estimated to be 28 500 tons). 

- Increased cultivation of "Qat" due to its relatively high 

returns per acre and due to increased consumption. 

(1) Extracted directly from "Summary of the First Five Year Plan 

of the Yemen Arab Republic", Prime Ministers' Office, Central 

Planning Organisation, November 1977. 
- 2 -  



- Shortage of agricultural engineers, veterinarians, and exten- 

sion a'gents, in addition to the Emigration of farmers to \ 

cities and abroad. 

1.4 National agricultural strategy (1) 

The basic objectives of the agricultural sector are the following: 

- Moving towards self-sufficiency in the field of agricultural 

food products. 

- Providing the necessary agricultural raw materialsneeded by the 

planned and operating industrial projects. 

- Reducing the foreign trade deficit in agricutltural products. 

- Improving the quality of agricultural products. 

Increasing the cultivation of food crops. 

- Supporting small producters. 

These objectives are to be achieved by employment of the following 

general strategy: 

- Completing the establishment of agricultural institutions 

for guidance and project implementation. 

- Completing studies and extending the application of the 

principle of integrated rural development. 

- Carrying out a comprehensive survey for soil and water resources. 

- Linking the Plan for agricultural research to the needs of 

agricultural development. 

- Developing agricultural extension services. 

- Providing justice and stability in the relations between the 

landowners and workers in agriculture. 

- Realizing rapid development in animal production and fishing 

capability. 

(1) Extracts from the First Five-Year Plan. ' 



- Building ro and in creasing tra capacity. 

- Providing storage capacity for agricultural products. 

- Establishing a plan for agricultural credit to promote plant 

and animal production. 

Carrying out studies about prices, marketing and taxes in the 

agricultural sector to determine policies that will further 

the objectives of the Plan. 

- Developing agricultural statistics. 

- Coordinating agricultural planning with neighbouring countries. 

There are also secondary objectives and strategies. 

The Proposed Ma'rib project will contribute to most of the basic 

national objectives, and is formulated to achieve this by means 

compatible with the general strategies. 



CHAPTER 2 

PHYSICAL RESOURCES 

2 . 1  CLIMATE 

2 . 1 . 1  Transposi t ion of c l i m a t i c  d a t a  from neighbourinq a r e a s  

The p r o j e c t  a r e a  is  a t  a l a t i t u d e  of 15' 30' and longi tude of 

45O 4 0 '  and centred around t h e  Wadi Abida a s  it emerges from i t s  

mountainous catchment t o  flow nor th  e a s t  i n t o  t h e  Empty Quar te r .  

The a l t i t u d e  of Ma'rib town is some 1 200  m although t h e  chain of 

mountains, which shadow t h e  area  and s t r e t c h  back t o  t h e  montane 

p l a i n  of Sana'a,  r i s e  t o  he igh t s  of over 3 000 m. Cl imatic  da ta  

f o r  t h e  major i ty  of the  i n t e r i o r  of t h e  Arabian peninsula  i s  very 

sparse  and t h e r e  a r e  no d a t a  from t h e  neighbourhood of t h e  p r o j e c t  

a rea ,  t h e  c l imate  of which is c l e a r l y  a t y p i c a l  of t h e  major i ty  of 

Arabia. Corre la t ion  with s i m i l a r  a reas  has the re fo re  been necessary 

i n  order  t o  obta in  da ta  i n  an attempt t o  es t imate  t h e  c l i m a t i c  

condi t ions  t h a t  p reva i l  i n  t h e  Wadi Abida region. 

Meteorological da ta  has been taken from p r i n c i p a l l y  two a r e a s  ( see  

Annex V I I ) ,  Wadi Najran which l i e s  approximately 270 km nor th  west 

of t h e  p r o j e c t  a rea  i n  Saudi Arabia and Wadi Bayhan approximately 

70 km south  

Republic of 

s i d e  of t h e  

area  before 

crops grown 

Wadi ~ b z d a .  

e a s t  of t h e  p r o j e c t  a rea  i n  the  People 's  Democretic 

Yemen. Both of these  wadis emerge from t h e  e a s t e r n  

mountain chain and flow through a f e r t i l e  a g r i c u l t u r e  

disappearing i n t o  t h e  Empty Quarter .  The type  of 

and the  growing periods a r e  very s i m i l a r  t o  those of 

The Wadi Najran meteorological s t a t i o n ,  e s t ab l i shed  i n  1967, was 

located a t  a l a t i t u d e  of 17O 33 ' ,  longitude of 4 4 O  1 4 '  and a l t i -  

tude of 1 200  m. Detailed records a r e  ava i l ab le  from 1968 t o  1974 

and a r e  summarized i n  Table 2 . 1 .  The da ta  from Wadi Bayhan a r e  

from two a reas ,  Bayhan a 1  Qasab s i t u a t e d  a t  a l a t i t u d e  of 1 4 O  53' ,  

longi tude of 45O 4 2 '  and a l t i g u d e  of 1 100 m and Muqub l a t i t u d e  

15O 00' , longitude 45O 45' a lnd  a l t i t u d e  1 050 m. Bayhan a 1  



TABLE 2 . 1  

N a j r a n  alimate d a t a  

P e r i o d  1967 - 1974 

Tempera ture  OC 

Month A b s o l u t e  A b s o l u t e  Mean Mean Mean R a i n f a l l  R e  l a t  ive Wind 
Maximum Minimum Maximum Minimum Average (mm) Humidity Km/day 

Mean 

J a n u a r y  33.5 0.0 24.4 7.8 1 6 . 1  1 . 5  42 185 

Februa ry  37.4 0 . 5  26.4 9.2 17.9 5.7 34 19 6  

March 38.4 4.7 29.5 13.9 21.6 
I 

m Apr i l 38.0 5 . 1  31.9 1 7 . 1  24.4 

I May 39.3 14.5 35.2 19 .5  27.4 

J u n e  

J u l y  

August 4 0 . 0  1 6 . 1  37.8 21.7 30.0 2.4 24 246 

September 39.0 12 .O 34.8 17.2 26.2 1 .6  24 226 

Oc tober  35.0 4.8 30 .1  14.9 21.2 0 .5  29 179 

November 33.0 2.5 26.8 9.2 1 8 . 1  2.3 39 163 

December 31.8 - 0.9  24.8 6.7 15.9 0.1 47 168 

Average 31.5 15.0 23.2 T o t a l  71.7 29 204 

Source:  Wadi N a j r a n  P r o j e c t ,  F e a s i b i l i t y  S tudy  Appendix A 
B i n n i e  & P a r t n e r s ,  Hun t ing  T e c h n i c a l  S e r v i c e s ,  
Mander R a i k e s  & M a r s h a l l .  



TABLE 2 . 2  

B a y h a n  c l i m a t i c  data 

0 T e m p e r a t u r e  C 

Year A b s o l u t e  A b s o l u t e  Mean M e  a n  A v e r a g e  R a i n f a l l  (mm) 
Maximum Minimum Maximum Minimum Mean 

A v e r a g e  1 9 3 . 5  

P e r i o d  1 9 5 8  - 6 0  R a i n f a l l  ( l )  (mm) 

Mon th  3  - 4  Y r  P e r i o d  

I J a n u a r y  3 3 . 3  2 . 8  2 6 . 6  8 . 3  1 7 . 5  5 . 1  

F e b r u a r y  3 5 . 0  1 . 7  2 9 . 8  11.0 2 0 . 4  7 . 6  

I M a r c h  37 .2  6 . 1  32 .9  1 4 . 8  2 3 . 8  1 0 . 2  

A p r i l  3 6 . 1  11.1 3 4 . 0  1 6 . 9  2 5 . 4  4 3 . 2  

May 3 7 . 8  11.1 3 5 . 8  1 8 . 2  2 7 . 0  2 . 5  

J u n e  3 9 . 4  1 5 . 0  3 7 . 5  1 9 . 1  2 8 . 3  2 . 5  

J u l y  4 1 . 1  1 7 . 2  3 7 . 3  1 9 . 3  2 8 . 3  5 . 1  

A u g u s t  4 0 . 6  1 5 . 6  3 8 . 6  2 1 . 2  2 9 . 9  5 3 . 5  

S e p t e m b e r  3 8 . 3  1 3 . 3  3 5 . 6  1 8 . 1  2 6 . 8  2 . 5  

1 O c t o b e r  3 5 . 0  6 . 7  3 2 . 4  1 2 . 9  2 2 . 6  0.0 

November  3 3 . 3  4 . 4  2 9 . 4  9 . 6  1 9 . 5  0.0 

D e c e m b e r  3 1 . 1  4 .4  2 5 . 4  7 . 3  1 6 . 3  0.0 

A v e r a g e  3 2 . 9  1 4 . 7  2 3 . 8  1 3 2  T o t a l  

S o u r c e : -  D e p a r t m e n t  of A g r i c u l t u r e  a n d  I r r i g a t i o n  - Aden  P r o t e c t o r a t e .  

N o t e  ( 1 )  R a i n f a l l  f i g u r e s  o b t a i n e d  f r o m  Greenwood  a n d  B l e a c k l e y ' s  
R e p o r t  o n  ' G e o l o g y  of t h e  A r a b i a n  P e n i n s u l a '  - Aden 
P r o t e c t o r a t e .  



TABLE 2.3 

Nuqub climatic data 

Period 1965 - 66 

0 Tem~erature C 
Relative 

Absolute Absolute Mean Mean Average Rainfall Humidity 
Month Maximum Minimum Maximum Minimum Mean (mm) Mean (0900 hrs) 

January 

February 

March 

April 

' May 
03 

I 
June 

July 

August 

September 

October 

November 

December 

Average 
Total 

32.7 17.2 25.0 41.5 

Source: Department of Agriculture and Irrigation - Aden Protectorate. 



Qasab is higher up the wadi and closer to the mountains and 

their climatic influences than Nuqub, which is closer to the 

Empty Quarter. The data available from these areas range from 

1956 to 1966 and are shown in Tables 2.2 and 2.3. 

The close correlation in the meteorological data taken from the 

three sites is shown in Table 2.4. As Wadi Abida is in a similar 

situation to these sites which are on either side of thk project 

area, it is reasonable to assume and has 

purpose of this report that the climatic 

are similar. 

been assumed for the 

conditions in Wadi AbIda 

2.1.2 Rainfall 

The Wadi Abida area has a low and irrigular rainfall of probably 

50 - 100 mm, mainly concentrated around March - May and July - 
August, with the greater proportion of the annual rainfall falling 

in the first period. There is virtually no rain in the September - 
February period. Due to the climatic influences of el Jabal 

Balaq hills, the areas in the upper part of the wadi receive a 

higher annual rainfall than areas further down the wadi. Rainfall 

experienced during the study period typically fell in short storms 

of moderate intensity covering small areas rather than as prolonged 

falls of low intensity over large areas. From the rainfall data of 

Wadi Najran the highest monthly rainfall of 85 mm occurred one April 

although teh April average is 33 mm and the yearly average is 72 mm 

for the eight year period. This demonstrates the considerable 

fluctuations in rainfall pattern that can occur and Wadi ~bida is 

considered to be no exception. 

The catchment area of Wadi Abida experiences its main rainfall in 

the same March - May and July - August periods and it is estimated 
that the average rainfall is in excess of 300 mm per year. Again 

there are large fluctuations in yearly rainfall which result in 

large or small amounts of water flowing through Wadi Abida thus 

constituting a good or bad year for seil irrigation. An attempt 

was made to estimate the peak rainfall period in the catchment area 





by asking the local inhabitants about peak flows in the wadi but 

no conclusion could be drawn from their answers. 

It is interesting to note that records kept by Yemenite chroni- 

clers (l) indicate that in Sana'a the following years were excep- 

tionally rainy: 1863, 1840, 1846, 1878, 1893, 1913 whereas 1808, 

1835, 1894, 1899, 1903, 1914 were exceptionally dry years. 

These are typical of semi-desert conditions, with moderate to 

high midday and afternoon temperatures followed by cool nights. 

Night temperatures drop to around freezing point but rarely below 

during December to February whereas maximum day temperatures in 

these months may rise up to 37O~. Day temperatures reach a max- 

imum of around 41°c in June, July and August although the night 

temperatures drop to around 17O~. The cool part of the year is 

October to March with temperatures averaging 20°c whereas April 

to September is the hot period with temperatures around 28O~. 

Skies are generally clear and visibility is good particularly when 

temperatures are low but during summer months when temperatures 

are high and the wind is strong there is a dust haze over the area 

reducing visibility. 

2.1.4 Relative Humidity 

Humidities are low, averaging around 33% for the year. being high- 

est in the winter and lowest in the summer. There is generally 

a temporary rise in humidity following rain or during the rainly 

months. 

2.1.5 Wind 

l 

l 
Whilst the NE and NW monsoons undoubtedly play a major role in 

the climate generally, wind directions are variable and no one 
P P - -  P - P -- 

(l) Tables and charts summarizing meteorological observations 

in Yemen FA0/56/8/5826 
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genera l  d i r e c t i o n  of low l e v e l  p r e v a i l i n g  winds is  r e a d i l y  d i s -  

ce rn ib le .  Dur ingthe  s tudy period on many days, winds blew from 

s e v e r a l  q u a r t e r s ,  nor th  w e s t ,  nor th  e a s t ,  south e a s t ,  veer ing  

r a p i d l y  a t  t i m e s .  Sudden g u s t s  of wings of maybe 4 0  - 50 km/hour 

r a i s e  q u a n t i t i e s  of dus t  and sand i n t o  sand d e v i l s  and can be 

l o c a l l y  very s t rong.  The genera l  tendency is  f o r  winds t o  rise 

i n  t h e  af ternoon and d i e  away i n  t h e  evening. These winds increase  

from Apr i l  onwards reaching a peak i n  Ju ly  and then decrease u n t i l  

October. The l o c a l  people repor ted  t h a t  these  winds could continue 

a l l  day and sand-storms of four  t o  e i g h t  hours w e r e  f a i r l y  frequent .  

I n  view of t h e  wind d a t a  from Najran where t h e  peak wind run is  

250 km/day i n  Ju ly ,  which rep resen t s  a constant  wind of over 10 

km/hour, t h e  l o c a l  s ta tements  would appear t o  be accura te .  The 

average wind run f o r  Wadi Najran i s  204 km/day and a s i m i l a r  f i g u r e  

can be appl ied  t o  Wadi ~ b i d a  i n  t h e  absence of more s p e c i f i c  da ta .  

2.1.6 Evapotranspirat ion 

From t h e  assumed da ta  it i s  q u i t e  c l e a r  t h a t  t h e  high temperatures,  

low humidi t ies  and s t rong winds during t h e  summer months a l l  con- 

t r i b u t e  t o  a high evapot ranspi ra t ion  r a t e .  Evapotranspirat ion r a t e s  

f o r  Wadi ~ b i d a  have been ca lcu la ted  using t h e  mean 10 day Penman 

open water evaporation (Eo) e s t ima tes  from Wadi Najran taken over 

a seven year  per iod 1968 - 1974. The 10 day means and monthly 

t o t a l s  a r e  shown i n  Table 2.5. 

2.2 SOILS 

The s o i l s  of t h e  Ma'rib p l a i n s  descr ibed i n  d e t a i l  i n  t h e  Annex I, 

f a l l  i n t o  four  broad ca tegor ies :  

(1) Recent a l l u v i a l  s o i l s  s t i l l  sub jec t  t o  acc re t ion  of ma te r i a l  

during t h e  seasonal f loods.  

(2)  Older a l l u v i a l  s o i l s  above present  day flood l eve l .  

( 3 )  Aeolian deposi ts .  

( 4 )  Old i r r i g a t i o n  depos i t s .  

The o l d e r  a l l u v i a l  s o i l s  and aeol ian  depos i t s  have l i t t l e  ag r i -  

c u l t u r a l  p o t e n t i a l  mainly because of very coarse t e x t u r e  and 
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adverse  topography. None of  t h e s e  s o i l s  is  c u l t i v a t e d  a t  p re sen t .  

It is  on t h e  r e c e n t  a l l u v i a l  s o i l s  t h a t  most of t h e  p r e s e n t  day 

c u l t i v a t i o n  occurs .  They a r e  c h a r a c t e r i s e d  by high c o n t e n t s  o f  

s i l t  and very f i n e  sand,  and low c o n t e n t s  of coa r se r  sand and c lay .  

They a r e  deep and reasonably f e r t i l e  w i th  good water  ho ld ing  

c a p a c i t y  ( 25 a t  p e r  cen t  by volume), b u t  t h e  c o a r s e r  members have 

r a t h e r  low n u t r i e n t  r e t e n t i o n  c a p a c i t y  and may g i v e  low i r r i g a t i o n  

e f f i c i e n c e s .  They a r e  non-sal ine  and non-alkal i .  Leve l l i ng  re- 

quirements tend  t o  be high because of  t h e  presence of  sand dunes 

and coppice  mounds, e s p e c i a l l y  where p r e s e n t  c u l t i v a t i o n  i s  i n t e r -  

m i t t a n t .  

The o l d  i r r i g a t i o n  d e p o s i t s  l i k e  t h e  r e c e n t  a l l u v i a l s  have h igh  

s i l t  and very  f i n e  sand con ten t s ,  w i t h  s i l t  predominating. They 

a r e  deep s o i l s  of  reasonable  f e r t i l i t y ,  w i t h  good water  ho ld ing  

and n u t r i e n t  r e t e n t i o n  capac i ty .  Most of t h e  s o i l s  a r e  weakly 

t o  moderately s a l i n e  wi th  average ECe o f  between 10 and 18 d o s /  

c m ,  b u t  w i t h  good permeabi l i ty .  They a r e  very ca lcareous  wi th  high 

pH and induced d e f i c i e n c i e s  of m e t a l l i c  micro-nut r ien ts  l i k e  i r o n  

and copper may occur  i n  some crops .  Chloros i s  of young c i t r u s  

has  been noted on t h e s e  s o i l s .  

I n  t h e  main, t h e  p o t e n t i a l  of bo th  t h e  r e c e n t  a l l u v i a l  and o l d  

i r r i g a t i o n  d e p o s i t  s o i l s  is  q u i t e  high.  Under i r r i g a t i o n  devel-  

opment, t h e  main hazards a r e  l i k e l y  t o  be a tendency t o  form 

s u r f a c e  caps because of t h e  high s i l t  conten t  and t h e  h igh  erod- 

i b i l i t y  of  t h e  s o i l s  both t o  wind and water .  

2.2.2 Land C l a s s i f i c a t i o n  

I n  Annex I a r e  i d e n t i f i e d  t h r e e  c l a s s e s  of i r r i g a b l e  land  which 

have s u f f i c i e n t  p o t e n t i a l  t o  j u s t i f y  development. These a r e :  

(1) Class  1 

These a r e a s  a r e  h igh ly  s u i t a b l e  f o r  i r r i g a t i o n  farming, being 

capable  of s u s t a i n i n g  r e l a t i v e l y  high y i e l d s  of a wide range 



of climatically adapted crops. They have no, or only minor 

soil restrictions: low development costs are anticipated. 

(ii) Class 2 

These areas are of moderate suitability for irrigation 

farming, and are likely to have significantly lower repayment 

capacity than class 1 lands. They have specific soil or 

topographic limitations which restrict the range of crops, 

or increase the costs of production and/or development. 

(iii) Class 3 

These areas ace only marginally suitable for irrigation 

farming due to severe restrictions in soil and/or topography, 

leading to restricted crop adaptability, or to high costs of 

production and/or development. 

The remainder of the study area is Class 6 land, which is considered 

non-irrigable due to severe topographic or soil deficiencies. 

The breakdown of the gross irrigable land is as follows: 

Class 1 1 358 ha 

Class 2 4 956 ha 

Class 3 4 424 ha 

Total 10 738 ha 

2.2.3 Utilization 

Within the plains area studied, 10 738 ha of land is considered to 

be suitable for irrigation development, of which 3 301 ha are already 

cultivated leaving a balance of 7 437 ha of new lands suitable for 

further irrigation development. 

WATER RESOURCES 

Average annual rainfall in the Study Area is only 50 to 100 m 



which is not an exploitable resource. The prime source of water is 

the flow in the Wadi Dhanah, and it is estimated (refer to Annex 

VII) that the average annual flow is 200 b4m3 at the point where the 

wadi emerges from the gorge into the Study Area to become the Wadi 

Abzda. The Wadi Abxda is not perennial, and the greater part of 

the annual runoff occurs in flash floods, locally called "seils". 

The seils are extremely variable and unreliable and last only days 

or even hours. There are two seil seasons, March/April and July/ 

August. 

The seils provide water for agricultural use in two ways. Firstly 

there is direct diversion of the seils for flood irrigation, and 

secondly some of the excess water recharges the aquifer which under- 

lies the area, and from which water is abstracted for irrigation. 

Quantification of the use of the water resources in these ways is - 
presented in Annex IIX, and styles of farming which depend on these 

resources are described in the next Chapter. 



CHAPTER 3 

HUMAN RESOURCES 

3.1 Population 

Annex IX presents the findings on demography from which the follow- 

ing information is obtained. The estimated ~opulation of the 

Study Area is 13 518 persons of which it is estimated that about 

10 000 (l) are engaged in settled agriculture. 

3.2 Labour availability 

In Table 3.1 is presented an estimate of the labour resources in 

the Study Area which are estimated to total 7 165 man-equivalents 

(refer to Annex IX). This amounts to 2.64 man-equivalents per 

household, and in the agricultural sector to 1.61 man-equivalents 
(2 per ha now cultivated . 

A feature important to the formulation of development proposals is 

the absence of many able-bo-died males in the 16 to 60 years age 

group who have left the area to seek work in towns or abroad. 

Table 3.1 Age distribution and labour availability 

Aqe Group 

CURFENT POPULATION (l) 

IElEN EQUIVALENTS ( ) 

Male : rate 
men equivalents 

Female : rate 
men equivalents 

CURRENT (and 19 ) 
LABOUR FORCE, in 
man equivalents 

c I (1) Eliminating 1 000 nc 
remainder who might 
refer Annex IX. 

6-15 16-60 60+ Total 

. 000 refugees and 10% of the 
lged in other economic activities, 

(2) Adopting a figure of 10 000 persons engaged in agriculture, 
section 3.1, yielding 5 300 man-equivalents who now cultivate 
3 301 ha (section 2.2.3) yielding 1.61 man-equivalents per ha. 
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Source: (1) Amended and updated Census f i g u r e s ,  r e f e r  Table 

1.3 

( 2 )  Man equiva lents  appropr ia te  t o  t h e  region.  

3.3 Soc ia l  c o n s t r a i n t s  

A summary of t h e  s o c i a l  s t r u c t u r e s  re levent  t o  formulation of t h e  

P ro jec t  i s  presented i n  Annex I X .  To t h e  a g r i c u l t u r a l  sec t ion  t h r e e  

elements a r e  of importance: t h e  mobi l i ty  of labour and t h e  laws 

governing land t enure  and water r i g h t s .  The mobi l i ty  of labour 

appears t o  be adversely a f f e c t e d  by t h e  cu r ren t  d i s p u t e s  over land 

boundaries and by t h e  pa roch ia l  a t t i t u d e  t o  land and water which 

a r e  discussed i n  t h e  subsequent two sec t ions .  The e f f e c t  has been 

t o c l o s e t h e  many t r i b a l ,  sheikhdom and even family land boundaries 

t o  o u t s i d e r s ,  s o  t h a t  t h e  h i r i n g  of temporary a g r i c u l t u r a l  labourers  

i s  d i f f i c u l t  and expensive. 

3.4 Land tenure  

There is l i t t l e  Government and no r e l i g i o u s  (Waqf) owned land i n  

t h e  Study Area, and land tenure  is t y p i c a l  of t h e  Mishraq region. 

The ownership of land is  u l t ima te ly  vested i n  t h e  t r i b e s  represented 

i n  t h e  a rea ,  which f o r  t h e  s tudy a r e  are:  

- The Ashraf who occupy an a rea  from t h e  anc ien t  damsite t o  a 1  

Khusayf on the  nor th  bank t o  a 1  Mahtam and B i r  ~ a ' u d  on t h e  

South Bank, and who a r e  represented by t h r e e  t r i b a l  sub- 

d iv is ions .  
- The ~ b z d a h  who occupy t h e  land downstream of these  po in t s  and 

who a r e  represented by f i v e  t r i b a l  sub-divisions.  

The ind iv idua l  Sheiks i n  conjunction w i t h  s en io r  members of t h e  

t r i b e  con t ro l  the  land and may a l l o c a t e  it t o  t h e i r  followers.  

Land f o r  c u l t i v a t i o n  is  a v a i l a b l e  i n  t h i s  way t o  members of each 

t r i b e  within t h e i r  Sheikhdom. I n  theory it i s  t h e  use of the  land 



that is allocated in this way. But in practice, land is in the 

full ownership of the families concerned. Land so allocated may 

be inherited and has on occasion been bought and sold, leased or 

mortgaged. Some of the land held by the ~bidah tribe, for example, 

has been purchased from the Ashraf, and land has been sold to both 

individuals and groups. 

At the present moment land sales have ceased. The underlying 

reason is that with the development of groundwater, land has a 

new potential value, with which the transfer or sale of usufructory 

rights alone, with ownership reserved, is incompatible. As a 

result there are numerous outstanding disputes both between and 

within Sheikhdoms, and the position of families acquiring land 

across a tribal or sheikhdom boundary is unresolved. 

The parochial attitude of the area's population and legacies of 

past family and group disputes mean that many people are unable to 

move freely throughout the project area. However, the wadi beds 

are considered neutral areas along which movement is generally 

permitted. Other neutral areas include Government land in Ma'rib, 

the airstrip and Governor's residence, and the town of Husun a1 

Jalah . 

There are a number of larger landowners in the Wadi ~bida including 

the three main owners A1 Ashraf, Bin Myeli and Bin Jalal. It is 

estimated that landowners provide 25 - 30 per cent of farmers with 
land to rent. Rent is based on share-cropping and is almost uni- 

versally paid in the principal cash crops, wheat and sesame. The 

tenant pays 25 per cent of his crops to the owner if the farmer 

provides all the required inputs. These include the provision of 

labour, the well and pump and its operating cost on well irrigated 

land, or the costs of bunds on seil alnd. If the owner provides all 

inputs with the exception of labour the farmer is required to pro- 

vide the landlord with 75 per cent of his crops. 



3.6 Water r i g h t s  

Water r i g h t s  i n  t h e  Wadi ~ b x d a  a r e  those  l a i d  down under Koranic 

Law. Under these  laws t h e  s e i l  water i s  f i r s t  a v a i l a b l e  t o  persons 

c u l t i v a t i n g  land n e a r e s t  t o  i ts  source,  which i n  the  p r o j e c t  a rea  

a r e  those c l o s e s t  t o  t h e  gap i n  t h e  J a b a l  Balaq from which t h e  wadi 

i s sues ,  then i n  succession t o  those  f u r t h e r  and f u r t h e r  downstream. 

Once t h e  water needs of t h e  use r s  upstream have been s a t i s f i e d  they 

a r e  obl iged t o  r e l e a s e  water downstream. 

The r i g h t  t o  e x t r a c t  groundwater accompanies a l l o c a t i o n  of t h e  land 

under which it l i e s .  I t  is customary t o  allow any person requ i r ing  

water f o r  domestic o r  l ives tock  consumption t o  obta in  it without 

charge from any well .  However, water f o r  crop i r r i g a t i o n  can be 

so ld ,  t h e  charge being made f o r  t h e  a b s t r a c t i o n  of t h e  water r a t h e r  

than f o r  t h e  water i t s e l f .  A sha re  of t h e  crop  is  t h e  usual  charge. 



CHAPTER 4 

FARMING SYSTEMS AND CROPPING PATTERNS 

4 . 1  General 

During t h e  h e i g h t  of t h e  anc ien t  Sabean c i v i l i s a t i o n  l a r g e  a r e a s  

on t h e  l e f t  and r i g h t  banks of t h e  upper p a r t  of Wadi ~ b i d a  w e r 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 .  The ldnds w e r e  f lood  irri- 

gated through a system of cana l s  o r i g i n a t i n g  from t h e  dam which 

was b u i l t  t o  a s u f f i c i e n t  he igh t  t o  command t h e  f e r t i l e  banks. 

When t h e  dam co l l apsed  i n  about 575 A.D. ,  t h e r e  was an exodus of 

people, b u t t h o s e r e m a i n i n g  i n  t h e  a r e a  have used t h e  annual s e i l  

run-off t o  maintain  i r r i g a t e d  a g r i c u l t u r e  by developing a system 

of bunds t o  d i v e r t  and d i s t r i b u t e  t h e  s e i l  water t o  t h e  i r r i g a b l e  

lands.  There a l s o  a r e  some o l d  Himyartic w e l l s  i n  t h e  a r e a .  These 

w e r e  hand o r  animal operated t o  provide water f o r  domestic purposes 

and f o r  i r r i g a t i n g  smal l  p l o t s .  The most r ecen t  s t imulus  t o  irri- 

gated a g r i c u l t u r e  i n  Wadi ~ b i d a  came wi th  t h e  advent of d i e s e l  

motors and t u r b i n e  pumps and t h e  r ecogn i t ion  t h a t ,  wi th  motor 

powered pumps, crops could be produced throughout t h e  year .  I n  

t h e  l a s t  t e n  yea r s  t h e  number of  hand dug w e l l s  has increased  from 

about 20 t o  about  385. There a r e ,  a t  p r e s e n t ,  20 - 35 w e l l s  dug 

each year .  

The number of producing w e l l s  i n  t h e  a r e a  has been est imated by 

measuring t h e  t o t a l  c u l t i v a t e d  a r e a  from a e r i a l  photography and then  

es t imat ing  i n  t h e  f i e l d ,  farm s i z e s  and percentage of  w e l l  irri- 

gated land on each type of farm. This  method i s  open t o  e r r o r s  

b u t  has been c ross  checked a s  f a r  a s  poss ib l e .  Farm s i z e s  a r e  

measurable from t h e  a e r i a l  photography and t h e  average farm s i z e  

i s  some four  t o  f i v e  hec ta res .  The a c t u a l  a r e a  i r r i g a t e d  on a 

farm may be es t imated  by i r r i g a t i o n  frequency, pumping t i m e  and 

capac i ty .  The r e s u l t i n g  e s t ima te  of 385 w e l l s  i s  corroborated by 

records  he ld  by t h e  Governor i n d i c a t i n g  some 327 w e l l s  i n  1976. 

This f i g u r e  probably i s  conservat ive because t h e r e  i s  no reason 

why people should dec la re  w e l l s .  Fur ther  support  f o r  t h e  e s t i m a t e  



is provided by the principal pump mechanic in Wadi ~bzda who 

estimates some 406 wells. 

Three broad farming systems have been identified: 

(a) Seil irrigation only 

(b) Groundwater irrigation only 

(c) Groundwater and seil irrigation. 

The distribution of these three broad systems was determined by 

aerial photograph interpretation and field checks. Sub-systems 

are delineated to indicate the relative proportions of the differ- 
l ent irrigation systems. The results are presented in Figure 4.1 

and Table 4.1. 

Areas of land irrigated only by seil lie on the periphery of the 

l main alluvial aquifer. The aquifer underlying these areas is 
rather unproductive, and well development is difficult and costly. 

The highly permeable and high yielding alluvial aquifer is patchy 

and discontinuous in this area; much of the area is underlain 

either by low yielding sandstone or non-productive basement rock. 

Areas irrigated only by groundwater are underlain by the highly 

productive alluvial aquifer, and occur for the greater part on 

land which lies above the command of the seil on the old irrigation 

deposits of the right bank. The other main area of groundwater 

irrigation is around ~usun a1 Jalal a1 Jadxdah where groundwater 

irrigation has fully replaced seil irrigation. 

The major part of the area under cultivation at present is served 

by both seil and groundwater. On some farms the two systems are 

used conjunctively while other farms are served separately by the 

two system. Because of the limited access to much of this area, 

it is not possible to derive reliable estimates of the areas of 

conjunctive and non-conjunctive use within the groundwater and 

seil system. For the purpose of estimating cropping patterns and 

intensities and deriving farm budgets, non-conjunctive use has 

been taken as applicable to the whole system. 



Distribution of farming systems 
TYPE OF IRRIGATION GROSS IRRIGATED AREA -Ha GROSS AREA OF 

G'WATER IRRIG. 
A Setl ~rrlgatton A1 annual trr~gat~on 91 

A2 mtermlttant ~rr~gatton ,1652 

B Groundwater irrtgatlon B 670 , 670 



.Table 4.1 

Farminq Systems 

Gross Average (1) Net cultivated 
irrigated farm size area ha. 
area (ha Seil Groundwater 
(ha) 

A) 
91 5 77 - A1 annual seil irrigation 

A2 intermittent seil 
irrigation 16 52 5 991 - 

B) Groundwater irrigation 
1 - on ly 6 70 4 636 

C1 60% groundwater 
40% intermittent seil 1384 5 332 789 

C2 30% groundwater 
70% intermittent seil 675 5 284 192 

Total 

Note: (1) Farm size includes seasonal fallow 

Source: EWE and HTS estimates 



Detailed descriptions of the farming systems are given in Table 

4.1 with details of gross areas, net cultivated area and farm 

size. 

4.2 Seil irriqation only 

The seil is run-off from the mountainous catchment. The seil 

accumulates and flows down the Wadi Dhanah which channels it 

through a gorge in the Jabal Balaq hills where the original Ma'rib 

dam was sited. After emerging from the gorge the seil flows down 

the Wadi Abida, past the old town of Ma'rib to ~asun a1 Jalal, 

where it splits into three main wadis and several minor ones which 

eventually terminate outside the project area in the desert. 

1 The seil allows the irrigation of land from April to about November 

- December. The crops are grown on retained soil moisture and the 

cultivated area depends upon the volume, and duration of the seil. 

At present a gross area of 1 743 ha are irrigated solely by flood 

waters during the periods March - May and August - September. The 
1 

seil is variable both in volume and time of occurrence with the 

result that the actual cropped area varies appreciably from year 

to year; only small areas receive seil water every year. 

l The principal areas where land is only irrigated through annual or 

intermittent seils is the north and eastern sections of Wadi Abida 

- As ~hebwan, As Saqit, Ar Rukzah, A1 Tahil and A1 Xarda. There 

are smaller areas near H U S ~  a1 Jalal and opposite Ma'rib and A1 

Manine. The soils contain a higher proportion of fine sand than 
l 

the old silts but have similar water holding capacity. The silt 

deposited by the annual seils plays some part in the maintenance 

of soil fertility and crop production. Without the annual silt 

deposits, which in areas close to the bunds may amount to 3 to 

I , 4 mm, crops could not be continuously grown without some system of 

rotation or long fallow. Average farm size is five hectares but 

the cropped area depends upon the amount of water delivered by the 

seil. 



The system of s e i l  i r r i g a t i o n  is  f u l l y  descr ibed i n  Annex I V .  

B r i e f l y ,  t h e  system i s  t h i s :  bunds across  t h e  wadi bed d i v e r t  

t h e  s e i l s  i n t o  channels which l ead  t o  enpoldered f i e l d s  where t h e  

water i s  he ld  u n t i l  it i n f i l t r a t e s .  The success of t h e  bunds 

depends g r e a t l y  on t h e  s k i l l  and knowledge of t h e  farmers. Since 

t h e  in t roduc t ion  of t r a c t o r s  and c a t e r p i l l a r s  f o r  bu i ld ing  bunds, 

bunding has become a  continuous process  during t h e  s e i l  season and 

bunds a r e  repai red  o r  recondit ioned during a  break i n  t h e  s e i l .  

This has  r e s u l t e d  i n  l e s s  water being a v a i l a b l e  t o  farm lands down- 

stream a s  l a r g e r  bunds a r e  b u i l t  upstream and r e p a i r s  a r e  quickly 

c a r r i e d  ou t .  

I n  add i t ion  t o  t h e  a rea  of  1 743 ha of  land i r r i g a t e d  s o l e l y  by 

s e i l ,  t h e r e  a r e  a  f u r t h e r  2 059 ha of land i n  t h e  groundwater and 

s e i l  system which depend on s e i l  i r r i g a t i o n  t o  a  g r e a t e r  o r  l e s s e r  

degree. A s  s t a t e d  previously,  some of t h i s  land i s  i r r i g a t e d  by 

conjunct ive use and some by t h e  separa te  systems. Table 4 . 1  

g ives  t h e  a r e a s  of land served by t h e  d i f f e r e n t  types of i r r i g a t i o n .  

On seil  i r r i g a t e d  land the  p r i n c i p a l  crops a r e  sorghum i n  t h e  

summer and, depending on t h e  r e s i d u a l  moisture l e f t  i n  t h e  s o i l  

following t h e  sei l ,  wheat i n  winter .  The s e i l  of 1976 was very 

poor and l i t t l e ,  i f  any, wheat was grown. 1975 was a  good s e i l  

year and a  small  amount of wheat was grown. I r o n i c a l l y  t h e  1975 

s e i l  washed away some farm land i n  t h e  main wadi near  A 1  Jithwah. 

Land c u l t i v a t i o n  is  c a r r i e d  o u t  using a  wooden camel plough; sowing, 

harves t ing  and threshing  a r e  by hand. No vegetables  a r e  grown. 

I n  t h e  north and northeastern p a r t  of t h e  a rea  served by t h e  Wadi 

Abrad (Fig.  4 .1 )  encompassing t h e  A 1  ~hebwan, A 1  Awash and A s  Saq i t  

a r e a s ,  t h e  s e i l  is p a r t i c u l a r l y  e r r a t i c .  I n  these  a r e a s  t h e  farmers 

a r e  f i n a n c i a l l y  l e s s  wel l  o f f  than t h e i r  counterparts  i n  t h e  main 

Wadi Abida area .  A s  t he  underlying aqu i fe r  is  r e l a t i v e l y  unprod- 

uc t ive ,  water i s  t h e  major c o n s t r a i n t  t o  increased p roduc t iv i ty  

r a t h e r  than labour a s  i n  most of t h e  o the r  a reas .  Many of the  farm- 

e r s  a r e  p a r t l y  nomadic, and a r e  heavi ly  dependent on l ives tock .  



4.3 Groundwater i r r i q a t i o n  only 

There a r e  an est imated 385 working w e l l s  i n  t h e  a rea ,  of which 

approximately 160 a r e  used t o  i r r i g a t e  a n e t  c u l t i v a t e d  a r e a  of 

some 636 ha. The w e l l s  have an average depth of about 25 m and 

a r e  t y p i c a l l y  1.5 m t o  2.5 m i n  diameter and l ined  by masonry o r  

re inforced  coacre te .  W e l l s  a r e  sunk by hand t o  a depth of one t o  

two metres below t h e  p reva i l ing  water t a b l e .  The pumps a r e  normally 

t h r e e  o r  four  s t a g e  v e r t i c a l  c e n t r i f u g a l  pumps, dr iven  by s h a f t s  

from t h e  sur face .  The s h a f t s  a r e  b e l t  dr iven  from a s i n g l e  cy l inder  

16 or  2 0  hp d i e s e l  engine. The o u t l e t  p ipe  discharges i n t o  a 

concrete  c i s t e r n  1.5 m above ground l e v e l .  

The water discharges from t h e  c i s t e r n  i n t o  a small  bas in  and is  

l ed  away by a small  primary canal  e l eva ted  0.5 t o  1.0 m above t h e  

surrounding f i e l d  l eve l s .  From here  it i s  fed  i n t o  lower cana l s  

o r  d i t c h e s  and then i n t o  f i e l d  d i t c h e s  which serve  ind iv idua l  p l o t s  
2 of 30 - 4 0  m by breaching t h e  d i t c h  wal l .  The p l o t s  a r e  divided 

by low e a r t h  bunds. 

The a reas  i r r i g a t e d  s o l e l y  by we l l s  a r e  t h e  o ld  silts on t h e  l e f t  

and r i g h t  banks and mainly l i e  i n  A 1  Ashraf land. Smaller a r e a s ,  

genera l ly  cons i s t ing  of indiv idual  farms, l i e  i n  A 1  Masil and around 

H U S ~  a 1  ~ a l a l .  The s o i l s  a r e  reasonably f e r t i l e  having been 

b u i l t  up from s i l t  ca r r i ed  i n  t h e  i r r i g a t i o n  water during t h e  , 

ancient  Sabean c i v i l i s a t i o n .  Within t h e  sei l  and groundwater i r r i -  

gated a r e a ,  t h e  w e l l  i r r i g a t i o n  system has been accommodated i n t o  

t h e  o l d e r  sei l  system, such t h a t  t h e  l a r g e  (1.5 - 2 ha) f i e l d s  of 

t h e  seil  system with t h e i r  1 - 1.5 m high bunds have been sub- 

divided i n t o  small  i r r i g a t i o n  p l o t s  f o r  e f f i c i e n t  water d i s t r i b u t i o n .  

I n  some ins tances  t h e  l a r g e r  f i e l d s  a r e  s t i l l  used t o  impound f lood 

water so  t h a t  land preparat ion f o r  winter  wheat is c a r r i e d  o u t  on 

moist r a t h e r  than dry s o i l .  A summer crop of sorghum a l s o  may be 

grown on p a r t  of t h e  land using f lood water.  

The major i ty  of t h e  farmers own t h e i r  w e l l s  and some who a r e  f i n -  

a n c i a l l y  more s t a b l e  and more progress ive  have a share  i n  o t h e r  

wel ls .  Few of t h e  wel l s  o r  farms a r e  rented  o r  sharecropped. The 



average area under cultivation on each farm is four hectares 

although the actual farm size may well be in excess of this figure 

if the adjacent long term or permanent fallow land is counted. 

The principal crops are wheat in winter, and sesame with a little 

maize in the summer. Lucerne is grown as a perennial crop for 

fresh animal fodder. There is no grain sorghum under groundwater 

irrigation as the returns do not warrant the additional pumping 

costs. Vegetables are cultivated for family consumption, as the 

local demand is negligible. A few grape vines, citrus and fig 

trees are cultivated for home consumption. There are a few qat 

plantations, 1/10 to 1/5 ha in size; the bundles of leaves are 

sold within Wadi Abxda. Most of the cultivation is mechanized and 

threshing is done by an adaptation of traditional methods; a 

I tractor pulls a length of well pipe over the harvested crop piled 

on the threshing floor. The separated grain is then winnowed by 

traditional methods. 

4.4 Upper Wadi Abrad area 

Excluded from the project formulation is an area of about 500 ha 

extent in the Wadi Abrad area between Husun and Shebwan. This area 

is underlain by medium sand deposited by the wadi and is character- 

ised by very uneven topography, the result of aelian erosion and 

deposition which has formed large coppice mounds up to 3 m in 

height and 30 m in diameter, and low, 2 m longitudinal dunes. 

Within the past two years there has been considerable development 

in this area. Large impounding and diversionary bunds have been 

built across the width of the wadi and ten successful wells have 

been constructed. Further well development is in progress, 

although several unsuccessful wells were dug where basalt was en- 

countered at depths ranging from 9 to 18 m. The development is 

being done by the nomadic bedouin and, as yet, there are no perm- 

anent settlements. 

Present development is restricted to the reasonably level areas 

within the gross area depicted in Figure 4.1. From examination 



of t h e  a e r i a l  photography and f i e l d  t r a n s e c t s  it i s  est imated t h a t  

t h e r e  a r e  a maximum of 500 ha of land which do n o t  conta in  t h e  

gross  r e l i e f  f e a t u r e s  descr ibed above; even then,  micro-rel ief  

is  s u f f i c i e n t l y  uneven t o  r equ i re  l e v e l l i n g  f o r  e f f i c i e n t  i r r i g a t i o n .  

The more l e v e l  a reas  occur a s  smal l ,  s c a t t e r e d  u n i t s  through t h e  

area .  

Because of t h e  combination of coarse  tex tured  s o i l s  with excessive 

permeabil i ty  and low water holding capaci ty  and t h e  very unfavourable 

topography, t h i s  a rea  has been evaluated on t h e  land c l a s s i f i c a t i o n  

map a s  unsu i t ab le  f o r  i r r i g a t i o n .  The cropping of wheat and lucerne 

t h a t  could be examined ind ica ted  t h a t  t h e  area  i r r i g a t e d  per  wel l  

is  considerably l e s s  than i n  a r e a s  of more favourable s o i l s  and 

the  i r r i g a t i o n  i n t e r v a l  s h o r t e r ,  about 10 days on average r a t h e r  

than 20 .  I n  common with t h e  r e s t  of t h e  a rea ,  it was n o t  poss ib le  

t o  measure e f f i c i ency .  Yields were est imated t o  be lower than i n  

more favourable a reas .  

In  s p i t e  of t h e  unfavourable s o i l s  and topography it i s  u n r e a l i s t i c  

t o  ignore t h i s  a rea  e n t i r e l y .  Cu l t iva t ion  r i g h t s  have been es tab-  

l i shed  i n  t h e  a rea  and under t r a d i t i o n a l  water r i g h t s ,  t h e  c u l t i -  

va to r s  have a p r i o r  r i g h t  t o  t h e  water passing through t h e  a r e a  

t o  t h e  more favourable lands downstream. Accordingly, provis ion  

has been made f o r  water supply t o  t h i s  a rea ,  although it is exclu- 

ded from t h e  p r o j e c t  formulation. 

4.5 Cropping p a t t e r n s  

The cropping p a t t e r n s  of t h e  t h r e e  d i f f e r e n t  farming systems a r e  

given i n  Table 4 . 2 ,  and groundwater and s e i l  i r r i g a t e d  farms a r e  

portrayed i n  Figures 4 . 2  and 4.3 respect ive ly .  The cropping 

calender  is  shown i n  Figure 4 .4 .  Under both well  and s e i l  irri- 

gated systems t h e r e  a r e  two poss ib le  cropping seasons,  each with 

a p o t e n t i a l  cropping i n t e n s i t y  of 100% thus  giving a maximum 

poss ib le  i n t e n s i t y  of 200%. On a we l l  i r r i g a t e d  farm, fal low is  a 

formal, planned p a r t ,  of t h e  crop p a t t e r n ;  on s e i l  farms, fa l low 

of t en  is  enforced because of water s c a r c i t y  and hence t h e  i n a b i l i t y  

t o  crop a s  much land a s  t h e  labour supply could cope with.  



TABLE 4.2 

Present Crop Intensities 

% % Cropping (1) 
Farm Type Crops Winter Summer Intensity 

Crops Crops % 

a) Seil Irrigation only Wheat 10 - 10 
(net cultivated area 
5 ha per farm) Sorghum - 60 60 

Total 10 60 70 

b) Groundwater Irrigation Wheat 50 - 50 
only (net cultivated 
area 4 ha per farm) Barley 5 - 5 

Sesame - 30 30 

Maize - 10 10 

Lucerne 10 10 20 

Vegetable - 1 1 

Orchard 2 2 4 

Total 67 53 120 

c) Groundwater + Seil Wheat 
Irrigation (net 
cultivated area 5 ha Barley 
per farm) 

Sesame 

Maize 

Sorghum 

Lucerne 

Vegetable 

Orchard 

Total 

Note 1. There are two possible cropping seasons, each with a poten- 
tial cropping intensity of 100% thus giving a maximum 
possible intensity of 200% 

Source: HTS estimates 
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CHAPTER 5 

CROPS TODAY 

5.1 GENERAL 

The standard of agriculture and the quality of the crops in the 

project area is relatively high when compared with other parts 

of the Republic and the majority of farmers appear reasonably 

contented with the existing situation. A substantial part (30%) 

of the cultivated area is commanded by well irrigation and 

mechanised cultivation using Massey Ferguson 165 tractors, disc 

ploughs, tyne cultivators and scrapers,is widely practised. 

There is no standard land measure for the whole area although 

different measures exist for different areas and individual 

parcels of land. Crop yields are calculated on a volume basis, 

the unit being a kada, and is approximately equivalent to 32 kg 

for wheat, 27 kg for imported barley, 23 kg for local barley and 

29 kg for sorghum, maize and beans. Farmers are reluctant to 

divulge any information on farm size, crop areas or yields. The 

crop yields quoted are estimates based on field observations and 

experience. 

The principal crops, wheat, sesame, sorghum and lucerne are 

generally grown in sufficient quantity to provide for household 

requirements and the surplus is sold in the villages. Farmers 

retain adequate seed for planting the following year or buy from 

a neighbouring farmer with a good crop. Vegetables are grown on 

a very limited scale, being only for household consumption. The 

most productive of the tree crops, also grown on a very small 

scale, are figs and grapes. Citrus trees are grown, but are non 
productive being either too young or of poor quallty stock. At 

present, no artificial fertilizer is used and use of animal 

fertilizer is limited. Chemicals for controlling insects, 

diseases or weeds are not used. 

5.2 WHEAT 



5.2.1 V a r i e t i e s  

There qre two main types  of wheat grown i n  t h e  p r o j e c t  a r e a ,  

Tr i t icum vulgare  which i s  a bread making wheat and Tri t icum 

durum which is  a macaroni making wheat. The l o c a l  v a r i e t i e s  

of Tri t icum vulqare  a r e  c a l l e d  'Maseri '  and 'Mesani' and have a 

growing per iod  of 4 %  months. 'Mesani' c l o s e l y  resembles t h e  

v a r i e t y  'Chenab 70' which is  a high y i e l d e r  r e q u i r i n g  a l o t  of  

water ,  responds w e l l  t o  n i t rogen ,  is  n o t  s u s c e p t i b l e  t o  lodging 

b u t  i s  unsu i t ab le  f o r  poor land. Genera l ly ,  bread wheats demon- - 
s t r a t e  good t i l l e r i n g  c h a r a c t e r i s t i c s  wi th  a high number of g r a i n s  

i n  each head and consequently higher  y i e l d s  than  t h e  macaroni 

wheats. The l o c a l  v a r i e t i e s  of Tr i t icum durum a r e  c a l l e d  'Bouni' 

and ' Samra' and have a growth per iod of 314 and 5 months, r e s p e c t i v e l y .  

'Bouni ' ,  which shows l i t t l e  response t o  f e r t i l i s e r ,  i s  adaptab le  

t o  poor land,  reasonably drought r e s i s t a n t  b u t  very s u s p e c t i b l e  

t o  lodging. The 3% month growing per iod  means t h a t  it uses  less 

water than o t h e r  v a r i e t i e s  and thus  t h e r e  i s  a tendency t o  p l a n t  

it i n  more marginal  a r e a s  where water supply could be a l i m i t i n g  

f a c t o r .  However, it i s  a low y i e l d e r  under t h e s e  condi t ions .  

'Samra' i s ~ h i g h e r y i e l d e r  and f a i r l y  widely c u l t i v a t e d ,  mainly 

f o r  s e l l i n g  and n o t  f o r  home consumption. 

Normally a s t and  of wheat i n  t h e  f i e l d  w i l l  c o n s i s t  of a mixture  

of v a r i e t i e s  a l though one w i l l  be dominant. There appears t o  be  

a s l i g h t  preference f o r  good bread making wheats although t h e  

people a r e  no t  f u l l y  aware a s  t o  which they  a re .  A d e f i n i t e  

preference f o r  l o c a l l y  grown wheat e x i s t s  and imported wheat g r a i n  

i s  shunned although much cheaper. 

5 .2 .2  Crop Husbandry 

Each of t h e  v a r i e t i e s  of wheat descr ibed i n  s e c t i o n  5.2.1 a r e  grown 

on land p r i n c i p a l l y  i r r i g a t e d  by groundwater. However, t h e r e  i s  a 

c e r t a i n  amount of wheat grown on s e i l  i r r i g a t e d  land i n  t h e  A 1  Sheb- 

wan a r e a  and on a smal l  a r e a  on t h e  l e f t  bank o p ~ o r s i t e  Ma+rib. The 

wheat ob ta ins  water  f o r  growth from t h e  r e s i d u a l  moisture l e f t  i n  t h e  

s o i l  a f t e r  t h e  l a s t  s e i l .  Obviously, t h e  a r e a s  cropped wi th  wheat 

under t h i s  system w i l l  depend e n t i r e l y  on t h e  d a t e  and e x t e n t  of 

t h e  l a s t  s e i l  b u t  p l a n t i n g  o f t en  occurs i n  l a t e  September o r  e a r l y  



October. 5 

C u l t i v a t i o n  i s  mechanized and t h e  land i s  ploughed t o  a dep th  

of  25 c m  u s ing  a 3 d i s c  plough. One pas s  o f  t h e  d i s c  plough i s  

more than  s u f f i c i e n t  t o  break up t h e  s o i l  a l though it has l i t t l e  

e f f e c t  on weed c o n t r o l  i n  t h e  absence of p r e - c u l t i v a t i o n  

i r r i g a t i o n  which would cause  germinat ion of weed seeds .  Ploughing 

i s  followed by hand broadcas t ing  of t h e  seed.  The s t a n d s  of wheat 

r e s u l t i n g  from t h e  broadcasted seed a r e  of lower p l a n t  popu la t ion  

than t h a t  r e q u i r e d  f o r  maximum y i e l d s ;  e i t h e r  because t h e  seed  r a t e  

i s  t o o  low, o r  it i s  adequate b u t  t h e  seed has  poor germinat ion 

p r o p e r t i e s  due t o  phys i ca l  o r  i n s e c t  damage. A seed  r a t e  of  

120 kg pe r  h e c t a r e  is  es t imated  f o r  Wadi ~ b x d a ,  t h e  average seed  

r a t e  i n  t h e  Republic being 120 - 140 kg p e r  ha  which should 

g ive  a reasonable  p l a n t  populat ion.  A f t e r  sowing t h e  land is  

harrowed us ing  a s p r i n g  tyne  c u l t i v a t o r .  The c u l t i v a t o r  

b u r i e s  t h e  seed  b u t  a t  uneven depth caus ing  i r r e g u l a r  germinat ion 

and an extended h a r v e s t  per iod .  Land i s  l e v e l l e d  f o r  g r a v i t y  

i r r i g a t i o n  by t h e  u se  of a t ractor-drawn s c r a p e r .  The bunds f o r  

t h e  i n d i v i d u a l  i r r i g a t i o n  b a s i n s  a r e  cons t ruc t ed  by hand us ing  a 

s i n g l e  ' T V  shaped implement t h a t  s c r a p e s  t h e  s o i l  p l u s  wheat 

seed i n t o  a bund. I n  t h i s  manner a f i e l d  is  d iv ided  up i n t o  

i n d i v i d u a l  b a s i n s  of 3-4 m wide and 7-10 m long. The bunds them- 

s e l v e s  a r e  about  30 cm wide and 20 c m  high.  A f t e r  t h e  c o n s t r u c t i o n  

of t h e s e  bunds t h e  land i s  i r r i g a t e d .  

The main weeds a r e  Cynodon dac ty lon  ( 'Wabl ' ,  a b r a s s i c a  F ~ n r i f f r '  

and Chenopodium album ( ' B a r d a l l .  Some weeding does t a k e  p l a c e  when 

labour is  a v a i l a b l e  and weeds, which are e i t h e r  c u t  o r  p u l l e d  up 

by t h e  r o o t s ,  a r e  f ed  t o  l i ve s tock .  Hand weeding is  a time 

consuming t a s k  and f o r  t h i s  reason most c rops  s u f f e r  badly  from 

weed compe t i t i onwi th  a r e s u l t a n t  drop i n  y i e l d .  Often a f t e r  

growing wheat i n  t h e  same f i e l d  f o r  t h r e e  t o  fou r  y e a r s  t h e  weed 

populat ion i s  s o  h igh  t h a t  a long f a l l ow pe r iod  i s  r equ i r ed  t o  

reduce t h e  weeds. 

The inc idence  of p l a n t  d i s e a s e s  i s  low and i s  mainly confined 

t o  l e a f  r u s t s  and a ve ry  smal l  amount of s t e m  r u s t ,  t h e  l a t t e r  



having a g r e a t e r  e f f e c t  on y i e l d  reduct ion.  A l l  wheat v a r i e t i e s  

grown i n  Wadi ~ b i d a  a r e  suscep t ib le  t o  r u s t  but  due t o  t h e  low 

incidence t h e r e  is  l i t t l e  y i e l d  reduct ion.  No smut d i sease  was 

observed. 

Insec t  damage i s  mainly confined t o  s o i l  i nhab i t ing  i n s e c t s  

which damage o r  k i l l  t h e  young p l a n t  a f t e r  germination. A t  

present  t h e  l o s s e s  a r e  low but  could become more se r ious  a t  a 

l a t e r  d a t e  i f  no seed dress ing  i s  used. Damaqe caused by a b i r d  

of t h e  weaver type (Quelea spp) i s  low and losses  a r e  about 5%, 

althaugh q r e a t e r  on lodged wheat. A c e r t a i n  amount of lodgings 

occurs i n  f i e l d s  e x ~ o s e d  d i r e c t l y  t o  t h 3  ~ r e v a i l i n q  wind o r  d u s t  

devf 1s. 

5.2.3 Harvesting 

Wheat p lanted  i n  October under groundwater i r r i g a t i o n  i s  harvested 

from l a t e  January onwards u n t i l  end of March, depending on t h e  

v a r i e t y  grown. S e i l  i r r i g a t e d  wheat i s  p lanted  i n  l a t e  September 

o r  e a r l y  October and i s  genera l ly  a l l  harvested by t h e  end of 

February. Most f i e l d s  have a mixture of v a r i e t i e s  r e s u l t i n g  i n  

uneven r ipening  and a prolonged drying period. Harvesting i s  ' 

c a r r i e d  out by family members and/or h i r e d  labour and occurs when 

t h e  p lan t s  s t i l l  have a p a r t i a l  green colour.  The s t a l k s  a r e  c u t  

by hand using a small  se ra ted  edge, curved k n i f e ,  c a l l e d  a 'sharim' 

or pul led up by t h e  roo t s .  The p l a n t s  a r e  c a r r i e d  t o  t h e  

threshing f l o o r  by hand, camel o r  donkey and l e f t  t o  dry i n  t h e  

open a i r  f o r  10 - 15 days. Af ter  t h e  removal of t h e  wheat from 

the  f i e l d s ,  t h e  sheep and goats  a r e  allowed t o  graze f o r  one o r  

two days thus  removing a l l  remaining p l a n t s  and weeds and 

deposi t ing a l i t t l e  animal manure. 

When t h e  g ra in  has reached an even degree of dryness th resh ing  i s  

ca r r i ed  out  by a t r a c t o r  t r a v e l l i n g  around i n  c i r c l e s  on t o p  of 

it or  by herding animals around o r  by hand, using f l a i l s .  A 

t r a c t o r  w i l l  t h r e s h  i n  about 2 %  hours a mound of wheat 40 m square 

and 70 cm high. The gra in  is winnowed by throwing it up i n t o  

t h e  a i r ,  al lowing t h e  wind t o  blow away t h e  chaff and then it 



is  p u t  i n t o  s acks  f o r  s t o r a g e  on t h e  ground f l o o r  of t h e  house. 

The remaining s t r aw  i s  p i l e d  up e i t h e r  by hand o r  by t r a c t o r  and 

fed d i r e c t l y  t o  animals o r  s t o r e d  f o r  f eed ing  l a t e r  o r  f o r  mixing 

with  mud when b r i c k  making. The f eed ing  va lue  of t h e  s t r aw  a t  

h a r v e s t ,  when s t i l l  p a r t i a l l y  g reen ,  i s  h igh  b u t  due t o  subsequent  

t rea tment  it has  a lower va lue  when f e d  t o  animals.  Grain  l o s s e s  

through s t o r a g e  p e s t s  such a s  weevi l s  a r e  probably i n  t h e  r eg ion  of  

5% t o  8%. 

5.2.4 Yie lds  

The d i f f e r e n t  v a r i e t i e s  of  wheat grown on d i f f e r e n t  s o i l s  and 

t h e  d i f f e r e n t  l e v e l s  of inwuts ,  b a s i c a l l y  wate r  and weeding, r e s u l t  

i n  a wide range of  y i e l d s .  However, under groundwater i r r i g a t e d  

cond i t i ons ,  t h e  average t o p  y i e l d e r  i s  probably 'Mesani ' ,  y i e l d i n g  

i n  some cases  2 500 kg p e r  ha w h i l s t  t h e  lowest  y i e l d e r  i s  'Bouni'  

wi th  1 000 kg p e r  hec t a re .  Wadi ~ b i d a  i s  renowned throughout  t h e  

Republic f o r  i t s  h igh  wheat y i e l d s  and an average y i e l d  of 2 000 

kg p e r  ha has  been taken.  For wheat grown on se i l  i r r i g a t e d  land  

an average y i e l d  o f  900 kg p e r  ha  i s  es t imated .  General ly ,  t h e  

wheat i n  t h e  f i e l d  appeared t o  be vigorous  i n  growth h a b i t  and of  

a hea l thy  green co lour  n o t  showing any minera l  de f i c i ency  symptoms 

and is  una f f ec t ed  by d i s e a s e  o r  p e s t s .  

I r r i g a t i o n  P r a c t i c e s  

Land t h a t  i s  t o  be  cropped wi th  wheat is  no t  i r r i g a t e d  u n t i l  it 

has been c u l t i v a t e d ,  b roadcas t  w i th  seed  and l e v e l l e d .  The f i r s t  

i r r i g a t i o n  o f  12-15 cm i s  app l i ed  i n  October a s  soon a s  t h e  

i r r i g a t i o n  b a s i n s  have been cons t ruc t ed .  Subsequent i r r i g a t i o n s  

gene ra l ly  apply 10-12 cm of water .  I r r i g a t i o n  f requenc ies  va ry  

b u t  an i r r i g a t i o n  about every 20 days i s  most common. Thus, a  3% 

t o  4 month wheat crop r e c e i v e s  f i v e  i r r i g a t i o n s  t o t a l l i n g  around 

600 mm and a 4 %  month crow r e c e i v e s  s i x  i r r i g a t i o n s ,  t o t a l l i n g  

some 720 mm. 



5.3 BARLEY (Hordeum vu lga re )  

5.3.1 V a r i e t i e s  

Although t h e r e  i s  ve ry  l i t t l e  b a r l e y  grown i n  wadi ~ b i d a  t h e r e  

a r e  two recognised  v a r i e t i e s ,  both  two row, ' B i l a d i '  and 'Bacur ' ,  

t h e  l a t t e r  having a l a r g e r  g r a i n .  Bar ley i s  grown a s  a source  

of green animal fodder  and a s  a source  of g r a i n  p r i n c i p a l l y  f o r  

mixing wi th  o t h e r  g r a i n s  when bread making. It was no t  p o s s i b l e  

t o  i d e n t i f y  'he advantages of t h e  two v a r i e t i e s  o r  which was 

most s u i t e d  t o  a p a r t i c u l a r  use.  

5.3.2 Crop Husbandry 

The method of  l and  c u l t i v a t i o n ,  seed ing ,  h a r v e s t i n g  and o t h e r  
l ope ra t ions  i s  t h e  same a s  wheat. P l a n t i n g  t a k e s  p l a c e  i n  

October and h a r v e s t i n g  occurs  i n  l a t e  January and February,  t h e  

growth pe r iod  be ing  fou r  months. The seed  r a t e  i s  around 1 2 0  kg 

per  ha ,  s i m i l a r  t o  wheat. Weeding i s  o c c a s i o n a l l y  c a r r i e d  

o u t  i f  t h e r e  i s  s u f f i c i e n t  labour  a v a i l a b l e .  The inc idence  of  

d i s e a s e  i s  low, mainly r u s t s ,  and w i t h  no i n d i c a t i o n  of covered 

o r  loose  smut. However, t h e r e  i s  some damage t o  young s e e d l i n g s  

by s o i l  i n h a b i t i n g  i n s e c t s .  

l 5.3.3 Yields  

Grain y i e l d s  a r e  very v a r i a b l e  due t o  d i f f e r i n g  s t ahda rds  of 

husbandry and range between 800 t o  2 000 kg p e r  ha  w i th  an 

average of 1 500 kg p e r  ha. 

5.3.4 I r r i g a t i o n  P r a c t i c e s  

The f i r s t  i r r i g a t i o n  t akes  p l a c e  a f t e r  land c u l t i v a t i o n  and seed  

broadcast ing.  Barley i s  i r r i g a t e d  every  2 0  days,  making f i v e  

i r r i g a t i o n s  of 1 2  cm f o r  t h e  c rop ,  t o t a l l i n g  about 600 mm. 



5.4 SESAME (Sesamum indicum) 

5.4.1 V a r i e t i e s  

There  a r e  two v a r i e t i e s  of  sesame grown l o c a l l y  c a l l e d  ' T u l a t i '  

I and 'Qumasi ' .  ' T u f a t i ' ,  which is a  w h i t e  seeded  v a r i e t y ,  t a k e s  

t h r e e  and a  h a l f  months t o  r e ach  m a t u r i t y ,  whereas  Qumasi, which 

i s  brown-black seeded,  t a k e s  f o u r  t o  f o u r  and a  h a l f  months. 
l Genera l ly  t h e  w h i t e  seeded v a r i e t i e s  are favoured  a s  t h e  s e e d  i s  

p r e f e r r e d  f o r  r o a s t i n g  and a l s o  produces  a  b e t t e r  q u a l i t y  o i l .  
I The b l a c k  v a r i e t i e s  produce  more o i l  b u t  o f  a  lower q u a l i t y .  

However, t h e  f a r m e r s  i n  Wadi ~ b F d a  r e p o r t e d  t h a t  t h e  w h i t e  s eeded  

v a r i e t i e s  gave  more o i l ,  which cou ld  occu r  i f  'Qumasir i s  a  poor  

brown-black seeded v a r i e t y  o r  i f  ' T u l a t i '  is a n  e x c e p t i o n a l l y  good 

v a r i e t y .  

5.4.2 Crop Husbandry 

Sesame i s  grown on t h e  same land a s  wheat  and i s  p l a n t e d  i n  l a t e  

February and March a f t e r  t h e  wheat h a s  been h a r v e s t e d .  The s h e e p  

and g o a t s  a r e  g e n e r a l l y  al lowed t o  g r a z e  f o r  one o r  two days  

a f t e r  t h e  h a r v e s t  and t h e n  t h e  f i e l d  i s  i r r i g a t e d .  A few d a y s  

l a t e r  t h e  s e e d ,  sometimes mixed w i t h  maize,  i s  b r o a d c a s t  and t h e  

l and  c u l t i v a t e d  u s i n g  a  s p r i n g  t yne  c u l t i v a t o r .  L e v e l l i n g  f o l l o w s  

u s ing  a  s c r a p e r ,  and t hen  t h e  bunds a r e  made by hand, u s ing  a  

I T '  shaped s c r a p e r ,  t h u s  d i v i d i n g  t h e  f i e l d  i n t o  sma l l  i r r i g a t i o n  

b a s i n s  of  abou t  4 m by 8 m. The m a j o r i t y  o f  sesame observed 

growing i n  f i e l d s  was i r r e g u l a r l y  spaced ,  t e n d i n g  t o  be i n  c l o s e  

c l u s t e r s ,  t h u s  r educ ing  t h e  y i e l d  p o t e n t i a l .  A few fa rmers  

i n d i c a t e d  t h a t  t h i n n i n g  was p r a c t i s e d b u t  t h i s  was n o t  obse rved .  

Weed growth i s  f a i r l y  r a p i d  and compe t i t i on  between t h e  weeds 

and t h e  sesame p l a n t s  soon develops .  The i n t o l e r a n c e  of  sesame 

t o  weed compe t i t i on  i s  recogn ised  and f a rmer s  t r y  t o  ach ieve  a 

complete weeding of t h e  f i e l d s  w i t h i n  one month o f  p l a n t i n g  and 

b e f o r e  t h e  f i r s t  i r r i g a t i o n .  There a r e  s m a l l  l o s s e s  of young 

p l a n t s  caused by s o i l  i n h a b i t i n g  i n s e c t s  and some s l i g h t  i n s e c t  

damage t o  t h e  young shoo t s .  



5.4.3 Harvest inq 

The sesame v a r i e t i e s  a r e  a l l  prone t o  s h a t t e r i n g  and h a r v e s t i n g  

t a k e s  p l a c e  be fo re  t h e  pods have f u l l y  r i pened .  Seed l o s s e s  i n  

t h e  f i e l d  a r e  t h u s  kep t  t o  a minimum. Harvest ing t a k e s  p l a c e  i n  

J u l y  about f o u r  months a f t e r  p l an t ing .  The p l a n t s  a r e  p u l l e d  up 

by t h e  r o o t s  and s tooked i n  t h e  f i e l d  o r  t r a n s p o r t e d  t o  t h e  

t h r e s h i n g  f l o o r  and s tooked.  They remain i n  t h e  sun dry ing  f o r  

15 - 20 days and then  t h e  pods a r e  shaken t o  expe l  t h e  seeds  over 

a l a r g e  p i e c z  of c l o t h .  Pods which have n o t  b u r s t  a r e  th reshed  

on t h e  ground us ing  a f l a i l  and t h e  s eeds  c o l l e c t e d .  The seeds  

a r e  then  s ieved  t o  remove extraneous m a t e r i a l  and p u t  i n t o  sacks  

f o r  s to rage .  

A s  t h e  need f o r  sesame o i l  f o r  cooking o r  e a t i n g  a r i s e s ,  some of 

t h e  s t o r e d  seed is  t aken  t o  a ' m i l l '  f o r  g r ind ing .  The ' m i l l '  

c o n s i s t s  of a hollowed o u t  p o r t i o n  of a tree t runk  wi th  another  

p i e c e  of wood i n s i d e  it, s e t  a t  a s l i g h t  angle .  Th i s  angled 

p i e c e  of wood is  connected by a wooden s h a f t ,  which i s  weighted 

wi th  s tones ,  t o  a b l ind fo lded  camel which walks around i n  c i r c l e s  

t h u s  r o t a t i n g  t h e  angled p i e c e  of wood i n  t h e  hollow bowl and 

express ing  t h e  o i l .  Hot wate r  is added t o  t h e  seed a s  it is  

ground t o  i n c r e a s e  t h e  e x t r a c t i o n .  The expressed o i l  is scooped 

o u t  of t h e  wooden hollow and s t o r e d  i n  t i n s  f o r  f o u r  t o  e i g h t  

months depending on q u a n t i t y  of water  added. The remaining o i l  

cake i s  d r i e d  f o r  u se  as animal feed  and is  t h e i r  on ly  source  of 

h igh p r o t e i n  food. The s t a l k s  a r e  a l s o  f e d  t o  l i v e s t o c k .  

5.4.4 Yie lds  

Yie lds  a r e  very v a r i a b l e  and tend t o  be low. Sesame grown a lone  

y i e l d s  between 350 - 600 kg pe r  ha w i th  an average o f  500 kg 

per  ha. Yields  of sesame when p lan ted  wi th  maize depend on 

t h e  propor t ion  of sesame t o  maize and t h e  spacing.  I n  t h i s  c a s e  

an average sesame y i e l d  is  250 kg pe r  ha w i t h  a maize y i e l d  

of  800 - 1 000 kg p e r  ha. 



5.4.5 I r r i q a t i o n  

Sesame i s  only grown under w e l l  i r r i g a t i o n .  A f t e r  t h e  wheat i s  

harves ted  b u t  be fo re  sesame i s  p l a n t e d ,  t h e  land  i s  i r r i g a t e d  

and t h e n  aga in  about one month a f t e r  p l an t ing .  The c r o p  r e c e i v e s  

a f u r t h e r  two i r r i g a t i o n s ,  t h u s  t o t a l l i n g  f o u r  i r r i g a t i o n s  i n  

a l l ,  i nc lud ing  t h e  p re -p l an t  i r r i g a t i o n ,  and r e p r e s e n t i n g  a 

t o t a l  a p p l i c a t i o n  of some 500 mm. 

5.5 SORGHUM (Sorghum v u l a a r e )  

V a r i e t i e s  

Two v a r i e t i e s  of sorghum a r e  grown, which have e i t h  

whi te  g r a i n s  and bo th  t y p e s  a r e  l o c a l l y  r e f e r r e d  t o  

e r  r e d  o r  

as ' s e i f ' .  

They a r e  of t h e  open p a n i c l e  t ype ,  no t  goose necked, and grow 

t o  about  130 cm i n  h e i g h t  and reach  ma tu r i t y  i n  100 days.  

Sometimes a smal l  amount of sorghum i s  grown a s  g reen  fodder 

f o r  l i v e s t o c k .  General ly  w i t h i n  a f i e l d  of g r a i n  o r  fodder 

sorghum t h e r e  i s  an even mix ture  of both v a r i e t i e s .  

Crop Husbandry 

Sorghum i s  grown almost  e n t i r e l y  on land t h a t  i s  s e i l  i r r i g a t e d  

and t h u s ,  t h e  a r e a  p l an t ed  t o  sorghum, t h e  p l a n t i n g  t i m e  and t h e  

y i e l d  a r e  completely dependant on t h e  sei l .  Genera l ly  p l an t ing  

t a k e s  p l a c e  i n  A p r i l  o r  May and ha rves t ing  fo l lows  100 days l a t e r .  

A few days  a f t e r  t h e  land has  been flooded by t h e  s e i l ,  it i s  

ploughed once o r  twice  w i th  a camel-drawn wooden plough wi th  a 

meta l  t i p .  The depth of ploughing can be a l t e r e d  b u t  i s  normally 

12 - 15 cm. The seed i s  sown by hand through a t ube  a t t ached  t o  

t h e  plough which d e p o s i t s  t h e  seed i n  t h e  furrow. The furrows 

a r e  30 - 4 0  c m  a p a r t .  

Th i s  procedure of ploughing and sowing r e q u i r e s  two people ,  

g e n e r a l l y  an a d u l t  and a c h i l d ,  t h e  a d u l t  c o n t r o l l i n g  t h e  ploughing 

and t h e  c h i l d  holding t h e  bag of  seed and p u t t i n g  them i n t o  t h e  



funne l  a t  t h e  t o p  of t h e  tube .  A f t e r  sowing t h e  f i e l d  i s  

l e v e l l e d  us ing  a camel drawn wooden s c r a p e r  board.  No smal l  

bunds a r e  cons t ruc t ed  i n  t h e  f i e l d s  a s  sorghum i s  se i l  i r r i g a t e d  

and t h u s  one f i e l d  may have a s i z e  of up t o  h a l f  a h e c t a r e .  

Weeding i s  occas iona l ly  c a r r i e d  o u t  when labour  i s  a v a i l a b l e .  

There i s  some inc idence  of r u s t  d i s e a s e  and some damage t o  t h e  

growing p o i n t s  of t h e  p l a n t s  probably caused by t h e  sorghum 

shoot  f l y ,  Antherigona v a r i a  socca t a .  Damaqe by a b i r d  of t h e  

weaver t ype  (Quelea  spp) occu r s  e s p e c i a l l y  on lodged sorghum and 

r e p r e s e n t s  l o s s e s  of 5% - 10%. 

Sorghum grown f o r  fodder  i s  p l a n t e d  on w e l l  i r r i g a t e d  land.  

A f t e r  t h e  wheat has  been ha rves t ed ,  sorghum seed i s  b roadcas t  

on t h e  f i e l d  and then passed over  w i t h  a s p r i n g  tune  c u l t i v a t e r .  

It  i s  then  i r r i g a t e d  once and l e f t  t o  grow. A t  f i r s t ,  wheat 

seeds  germinate  wi th  t h e  sorghum, b u t  a f t e r  a month t h e  wheat 

s e e d l i n g s  d i e  o f f  because of h e a t  and lack  of mois ture .  The 

sorghum i s  c u t  green a f t e r  it has  headed and used f o r  l i v e s t o c k  

fodder .  Sometimes, a f t e r  t h e  main c rop  has been ha rves t ed ,  a 

r a toon  c rop  i s  grown f o r  fodder  purposes.  

5.5.3 Harvest inq 

Harvest ing t a k e s  p l ace  i n  J u l y  o r  August. The p l a n t  i s  p u l l e d  

up by t h e  r o o t s ,  u n l e s s  a ra toon  c rop  i s  r equ i r ed ,  and t h e  heads 

a r e  c u t  o f f  u s ing  a smal l  s e r a t e d  edge k n i f e ,  Ishar im' .  When t h e  

ground i s  very  hard and it i s  d i f f i c u l t  t o  uproot  t h e  p l a n t ,  t h e  

s t a l k s  a r e  c u t  wi th  t h e  kn i f e .  The heads a r e  c a r r i e d  t o  t h e  

t h r e s h i n g  f l o o r  and l e f t  t o  d ry  i n  t h e  sun f o r  10 - 15 days be fo re  

t h r e s h i n g  wi th  a t r a c t o r  o r  by hand. The g r a i n  i s  winnowed by 

throwing it i n t o  t h e  a i r ,  t h e  wind blowing away t h e  cha f f  and 

t h e  g r a i n  f a l l i n g  on to  t h e  ground. The g r a i n  i s  p u t  i n t o  s acks  

and t r a n s p o r t e d  t o  houses f o r  s to rage .  A smal l  amount of s t o r e d  

g r a i n  from t h e  l a s t  season was in spec t ed  and t h e r e  was some 

damage from s t o r a g e  p e s t s ,  a l though  t h e  i n s e c t s  w e r e  no longer  

p re sen t .  The s t a l k s ,  o f t e n  s l i g h t l y  qreen a t  h a r v e s t ,  a r e  e i t h e r  

f ed  d i r e c t l y  t o  l i ve s tock  o r  t r a n s p o r t e d  by pick-up t r u c k  o r  camel 



t o  t h e  house where t hey  a r e  s t o r e d  i n  s p e c i a l  a r e a s ,  surrounded 

by brushwood. L a t e r ,  t h e  d r i e d  s t a l k s ,  mixed wi th  some f r e s h  

lucerne ,  a r e  f e d  t o  l i ve s tock .  

5.5.4 Yie lds  

The y i e l d s  vary  accord ing  t o  t h e  amount of water  t h e  c rop  

r e c e i v e s  and range between 600 - 1 500 kg p e r  ha wi th  an 

average o f  850 kg p e r  ha. 

5.5.5 I r r i g a t i o n  P r a c t i c e s  

Grain sorghum i s  n o t  p l an t ed  u n t i l  t h e  land has  rece ived  one s e i l  

i r r i g a t i o n .  I n  a good se i l  yea r  up t o  two f u r t h e r  i r r i g a t i o n s  

may occur.  Sometimes t h e  amount of wate r  app l i ed  by t h e  second 

o r  t h i r d  s e i l  i r r i g a t i o n  i s  t o o  g r e a t  and t h e  sorghum c rop  i s  

damaged and a c e r t a i n  amount of s o i l  e r o s i o n  occurs .  

Sorghum f o r  fodder  on w e l l  i r r i g a t e d  land  r e c e i v e s  one p re -p l an t  

i r r i g a t i o n  only .  Ratoon sorghum on s e i l  i r r i g a t e d  land mav 

r e c e i v e  one o r  two se i l  i r r i g a t i o n s  i n  August and September. 

5 .6 .1  V a r i e t i e s  

Very l i t t l e  maize i s  grown i n  t h e  a r e a  and it i s  o f t e n  p l an t ed  

wi th  sesame o r  i n t e r p l a n t e d  wi th  melons o r  a few beans. The 

v a r i e t i e s  grown a r e  yellow g ra ined  and have no l o c a l  names be ing  

r e f e r r e d  t o  g e n e r a l l y  a s  'rumi'. This  i s  an i n d i c a t i o n  t h a t  n o t  

much emphasis i s  placed on maize. 

I 5.6.2 Crop Husbandry 

Maize i s  a t h r e e  and a h a l f  month c rop  wi th  p l a n t i n g  i n  March 
. and h a r v e s t i n g  i n  J u l y .  The c u l t i v a t i o n  p r a c t i c e s  and t h e  

p l a n t i n g  o f  l a r g e  a r e a s  a r e  t h e  same a s  f o r  sesame. When maize 

i s  sown i n  sma l l  p l o t s ,  t h e  c u l t i v a t i o n  i s  c a r r i e d  o u t  u s ing  a 
. 

-40-  



camel drawn wooden plough. The land  i s  g e n e r a l l y  ploughed t w i c e  

and du r ing  t h e  second ploughing t h e  seed  i s  sown by hand i n  t h e  

plough furrow, through a wooden tube  a t t a c h e d  t o  t h e  plough. 

The furrows a r e  30 - 4 0  cm a p a r t .  The p l a n t i n g  method i s  t h e  

same a s  f o r  sorghum. 

Weeding i s  o c c a s i o n a l l y  c a r r i e d  o u t ,  t h e  weeds being f e d  t o  

l i v e s t o c k .  There i s  l i t t l e  i n s e c t  damage o r  d i s e a s e ,  a l t hough  

some farmers  r epo r t ed  l o s s e s  of  young p l a n t s  from s o i l  i n h a b i t i n g  

i n s e c t s  and some i n s e c t  damage t o  t h e  growing p o i n t  of  t h e  p l a n t s .  

Harvest ing 

A t  h a r v e s t  t h e  ma jo r i t y  of  t h e  cobs a r e  s t r i p p e d  o f f  t h e  p l a n t  

and p laced  i n  t h e  sun t o  d ry ,  b u t  some cobs a r e  cooked and e a t e n  

wh i l e  s t i l l  r e l a t i v e l y  f r e s h .  The seed  i s  th reshed  from t h e  d r y  

cobs by hand. The s t a l k s  when f r e s h  o r  d r i e d  a r e  used a s  animal  

fodder.  

Yie lds  

Yields  a r e  very  v a r i a b l e  and a pure  s t a n d  of  maize y i e l d s  between 

1 400 - 2 4 0 0  kg p e r  ha wi th  an es t imated  ave ra se  of  2 000 kg 

p e r  ha. Maize grown wi th  sesame y i e l d s  about  800 - 1000  kq 

per  ha w i th  a sesame y i e l d  of  250 kg wer ha,  depending 

on spac ing  and p ropor t ion  of t h e  crops .  

5.6.5 I r r i g a t i o n  P r a c t i c e s  

This  c rop  i s  only grown under w e l l  i r r i g a t i o n .  Maize i n t e r -  

p lan ted  wi th  sesame r ece ives  one pre -p lan t  i r r i g a t i o n  followed 

by a f u r t h e r  t h r e e  i r r i g a t i o n s  a t  approximately one month 

i n t e r v a l s  making a t o t a l  a p p l i c a t i o n  of  500 mm. Maize grown i n  

a pure s t a n d  r e c e i v e s  a p re -p lan t  i r r i g a t i o n  followed by t h r e e  

o r  f o u r  i r r i g a t i o n s  a t  2 0  t o  30 day i n t e r v a l s ,  making a t o t a l  

a p p l i c a t i o n  of  500 - 620 mm. 



5.7 LUCERNE (Medicago s a t i v a )  

5.7.1 V a r i e t i e s  

The luce rne  grown i n  Wadi ~ b i d a  i s  o f t e n  e r roneous ly  r e f e r r e d  

t o  a s  'berseem' by t h e  l o c a l  farmers .  There a r e  two t y p e s ,  *BAladil 

which has  a  l a r g e  l e a f  and grows 50 - 60 cm high and J o u f i '  o r  

' G e B i l i '  which has  a  sma l l e r  l e a f  b u t  grows ko h e i q h t s  of  60 - 90 

cm. Occas iona l ly  lucerne  seed  i s  bought i n  Sana 'a  b u t  normally 

it i s  ob ta ined  w i t h i n  t h e  a r ea .  

5.7.2 Crop Husbandry 

A s t a n d  of l u c e r n e  i s  kept  f o r  t h r e e  t o  f o u r  y e a r s  be fo re  be ing  

rep laced  by a  wheat crop.  New s t a n d s  a r e  sown on wheat l and  o r  

s h o r t  term f a l l o w ,  wi th  wlant ing t a k i n g  p l a c e  i n  Sewtemb9r. The 

land i s  d i s c  ploughed o r  harrowed t o  produce a  good seed  bed 

then  l e v e l l e d  wi th  a  s c rape r .  Bunds forming t h e  sma l l  3  m by 8 m 

i r r i g a t i o n  b a s i n s  a r e  made by hand u s i n g  a ' T '  shaped s c r a p e r  

implement. The seed  is  b roadcas t  i n  t h e  sma l l  b a s i n s  and then 

i r r i g a t e d .  Where mechanised c u l t i v a t i o n  i s  n o t  a v a i l a b l e  two 

t o  t h r e e  pas ses  wi th  a  camel drawn wooden plough followed by 

l e v e l l i n g  i s  s u f f i c i e n t .  The f i r s t  c u t  can be  taken 10 - 1 2  

weeks a f t e r  p l a n t i n g .  A few fa rmers  mix t h e  lucerne  seed  wi th  

a  b r a s s i c a  l o c a l l y  c a l l e d  ' T a r t a r '  o r  'Hardel '  and i d e n t i f i e d  

a s  Bras s i ca  juncea ( Ind ian  mus ta rd) .  The seed has a  high o i l  

con ten t ,  35%, and t h e  p l a n t  i s  ve ry  p a l a t a b l e  t o  l i v e s t o c k .  

Root nodules w e r e  noted on s e v e r a l  young p l a n t s  and t h e  m a j o r i t y  of  

farmers claimed an i n c r e a s e  i n  wheat y i e l d s  when grown a f t e r  

lucerne ,  sugges t ing  t h e  presence o f  n i t r i f y i n g  b a c t e r i a .  The 

!lucerne i s  g e n e r a l l y  t h i c h  and l u s h  a l though  i n  t h e  o l d e r  s t a n d s  

t h e r e  is some weed competi t ion from Cynodon dac ty lon ,  o r  'Wabl', 

dnd a b r a s s i c a  ' S u n f i r ' .  Leaf c h l o r o s i s  was observed l o c a l l y .  

There was l i t t l e  evidence of  d i s e a s e ;  a l though a  few l u c e r n e  l e a v e s  

showed c r i n k a i n g ,  which could have been caused by a  v i r u s  d i s e a s e .  

A l e a f  e a t i n g  i n s e c t ,  pos s ib ly  t h e  l uce rne  weevi l ,  was a l s o  observed.  



5.7.3 Harves t inq  

The women c u t  t h e  lucerne  c l o s e  t o  t h e  crown by hand us ing  a 

sma l l  k n i f e  ( ' s h a r i m ' ) .  A sma l l  p l o t ,  3 m by 8 m, i s  c u t  over  one 

o r  two days and t h e  lucerne  bundled up and c a r r i e d  t o  t h e  house 

f o r  f eed ing  t o  l i v e s t o c k  i n  t h e  morning and evening. The c rop  

i s  c u t  a t  30 day i n t e r v a l s  du r ing  t h e  w i n t e r  and 2 0  day i n t e r v a l s  

du r ing  t h e  summer, r e p r e s e n t i n g  15 c u t s  p e r  year .  A seed  c rop ,  

i f  r e q u i r e d ,  i s  taken  i n  August. 

5.7.4 Yie lds  

The t o t a l  g reen  mat te r  y i e l d  on an annual  b a s i s  i s  e s t ima ted  

a t  6 0  t/ha, The green ma t t e r  y i e l d  du r ing  w i n t e r  months when 

c u t t i n g  i s  less f r equen t ,  i s  about  25 t / h a  and du r ing  summer 

months 35 t /ha.  

5.7.5 I r r i g a t i o n  P r a c t i c e s  

The i r r i g a t i o n  i n t e r v a l  v a r i e s  according t o  t h e  t i m e  o f  t h e  y e a r  

between once about every t e n  days i n  t h e  w in t e r  and about every 

seven days i n  t h e  summer. The depth of wate r  app l i ed  i n  a s i n g l e  

i r r i g a t i o n  i s  7 - 10 cm. During p e r i o d s  of s e i l ,  wate r  i s  

allowed t o  f l ood  t h e  lucerne  f i e l d s ,  thereby saving one o r  more 

groundwater i r r i g a t i o n s .  

5.8 VEGETABLES 

Vegetables a r e  grown on a very  sma l l  s c a l e ,  j u s t  a f e w  p l a n t s  on 

each farm, f o r  household consumption only.  There i s  no market  

a t  p r e s e n t  f o r  vege tab les  i n  t h e  v i l l a g e s .  Generally t h e  p l a n t s  

a r e  grown on t h e  s i d e s  of  i r r i g a t i o n  d i t c h e s  o r  sometimes, a s  

i s  t h e  ca se  w i th  melons and beans ,  p l an t ed  wi th  maize. Winter 

vege tab les  are mainly c h i l l i e s  and green peppers whereas summer 

vege tab les  a r e  peppers,  onions ,  beans,  tomatoes, okra ,  l e e k s ,  

egg p l a n t ,  c a r r o t s ,  sweet melon and w a t e r  melon. The vege tab l e s  

r e c e i v e  wate r  when t h e  i r r i g a t i o n  d i t c h e s  a r e  used t o  i r r i g a t e  

o t h e r  crops .  L i t t l e  a t t e n t i o n  i s  given t o  t h e  vege tab les  and 



y i e l d s  a r e  low. 

5.9 TREE CROPS 

Fig,  c i t r u s ,  q a t ,  d a t e ,  paw paw, pomeqranate, banana, g rape  

and apple  a r e  grown i n  t h e  a r ea .  However, only  f i g ,  c i t r u s ,  

q a t  and grape  a r e  of  any s i g n i f i c a n c e .  Farmers a r e  r e l u c t a n t  

t o  have t o o  l a r g e  an a r e a  p l a n t e d  t o  tree crops  a s  t h e r e  i s  no 

produc t ion  f o r  s e v e r a l  y e a r s  and t h e  market i s  extremely l i m i t e d ,  

being mainly consumption on t h e  farm. 

Most farmers  have two o r  t h r e e  f i g  trees, a few grapes  and 

10 - 12 c i t r u s  trees p l an t ed  n e a r  t h e  w e l l .  No i n s e c t  o r  

d i s e a s e  c o n t r o l  i s  p r a c t i s e d  and i r r i g a t i o n  dur ing  t h e  summer 

i s  a t  monthly i n t e r v a l s ,  t h e  a p p l i c a t i o n  being 12 - 15 cm. 

The grape  v i n e s  a r e  pruned i n  January o r  February and t r a i n e d  

on to  a s imple  wooden t re l l i s ,  r a i s e d  o f f  t h e  ground by wooden o r  

s t o n e  suppor t s .  Two v a r i e t i e s  of g rapes  a r e  grown, one t h a t  

produces f r u i t  throughout t h e  summer and t h e  o t h e r  f o r  one month 

only.  

The c i t r u s  trees a r e  mainly t a n g e r i n e  g r a f t e d  'onto rough lemon 

roo t s tock  and come from Harieb o r  Saudi  Arabia.  Most o f  t h e  

trees a r e  two t o  f o u r  y e a r s  o l d ,  t h e r e  being very few mature 

f r u i t  producing trees i n  t h e  a r e a .  Some of t h e  trees have 

c h l o r o t i c  l eaves  w i th  dark v e i n s  and t h i s  could be caused through 

r o o t  nematode i n f e s t a t i o n s  o r  by minera l  de f i c i ency ,  p o s s i b l y  

z inc ,  i r o n ,  manganese o r  copper. Many o f  t h e  c i t r u s  trees a r e  

exposed t o  t h e  f u l l  f o r c e  of  t h e  p r e v a i l i n g  winds, caus ing  

blossom drop  and y i e l d  r educ t ion .  

Q a t  (Catha e d u l i s )  i s  grown by a few farmers ,  t h e  p l a n t a t i o n s  

c o n s i s t i n g  o f  30 - 6 0  trees. The q u a l i t y  of t h e  q a t  i s  s a i d  t o  

be low andmay- be due t o  t h e  v a r i e t y  o r  t o  t h e  ,high temperature  

and l ack  o f  shade. The q a t  grown i n  Harieb under s i m i l a r  

cond i t i ons  is  of  good q u a l i t y  and i s  s o l d  r e g u l a r l y  i n  Wadi ~ b i d a .  



5.10 NATURAL VEGETATION 

The n a t u r a l  vegeta t ion  i n  Wadi ~ b i d a  i s  var ied  and ranges from 

t r e e s  and weeds on the  i r r i g a t e d  farm land t o  t h e  more drought 

t o l e r a n t  p l a n t s  found on sand dunes. A c o l l e c t i o n  of t h e  more 

common p l a n t s  was made and some of them were l a t e r  i d e n t i f i e d .  

Table 5.1 shows t h e  Arabic and La t in  names and t h e  l o c a t i o n  of 

t h e  p l a n t s .  

On c u l t i v a t e d  land t h e  p r i n c i p a l  weeds a r e  Cynodon dactylon,  

a b r a s s i c a  l o c a l l y  c a l l e d  ' S u n f i r '  bu t  unident i f ied  and Chenopodium 

album. Some lucerne f i e l d s  w e r e  heavi ly  in fes ted  with Conyza 

l i n i f o l i a  which has only r e c e n t l y  been introduced i n t o  t h e  a r e a  

a s  none of t h e  farmers could g ive  it a l o c a l  name. The banks 

of t h e  i r r i g a t i o n  d i t ches  a r e  covered with Cynodon dactylon o r  

Eragros t i s  aegyptiaca which provide a valuable a d d i t i o n a l  source 

of grazing f o r  l ives tock  a s  w e l l  a s  s t a b i l i s i n g  t h e  canal  banks. 

The only t r e e  found extens ive ly  on c u l t i v a t e d  land i s  Ziziphus 

s p i n a - c h r i s t i  which has a v a r i e t y  of uses.  The f r u i t  i s  ea ten  

by humans and animals, t h e  green f o l i a g e  i s  c u t  o f f  and fed t o  

animals, t h e  branches a r e  lopped f o r  timber, t h e  t runk when 

l a r g e  enough is  used t o  make t h e  bowl of t h e  sesame gr inding  

m i l l ,  and t h e  t r e e  i t s e l f  provides shade and a c t s  a s  a windbreak. 

The p l a n t s  found i n  the  wadi o r  on t h e  adjacent  land a r e  

genera l ly  more drought t o l e r a n t  and provide browse f o r  l ives tock .  

Tamarix t r e e s  a r e  found on t h e  wadi banks and these  h e l p  t o  

s t a b i l i s e  t h e  banks as  we l l  a s  providing a source of firewood 

and a c t i n g  a s  windbreaks. Acacia t r e e s  a r e  found on t h e  

d r i e r  and s t o n i e r  p a r t s  of t h e  wadi and provide browse f o r  l ive -  

s tock and timber. Calo t ropis  procera grows on t h e  low ly ing  land 

near t h e  wadi and t h e  young leaves  and flowers a r e  fed  t o  l i v e -  

- stock when pa la tab le  sources of fodder a r e  l imi ted .  Af te r  t h e  

f i r s t  s e i l  t h e  wetted p a r t s  of t h e  wadi banks soon become 

covered with Cynodon dactylon and Eraqros t i s  aeqyptiaca,  providing 

good opportuni ty grazing f o r  sheep and goats.  Two o t h e r  spec ies  

of p l a n t s ,  Calligonum comosum and an unident i f ied  s p e c i e s ,  l o c a l l y  

c a l l e d  'Alga',  a r e  p l e n t i f u l  near  t h e  wadis and i n  t h e  d r i e r  



sandy a reas  providing a c e r t a i n  amount of browse throughout t h e  

year  f o r  sheep and goats .  

On t h e  small  sand dunes and coppice mounds, Salvadora p e r s i c a  

and Rhazia s t r i c t a  a r e  found i n  abundance, t h e  l a t t e r  being 

poisonous t o  l ives tock .  The leaves of t h e  Salvadora p e r s i c a  

bush provide year-round browse f o r  camels and a r e  i n  f a c t  t h e i r  

main source of fodder. Some of t h e  bigger  clumps a r e  fenced o f f  

and browsed on a r o t a t i o n a l  bas i s .  
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TABLE 5.1 

Na tu ra l  vege ta t ion  i d e n t i f i e d  i n  Wadi ~ b i d a  

Location L a t i n  name 

Cu l t iva t ed  .land Aerua juvanica 

Blephar i s  c i l i a r i s  

Brass ica  spp. 

Cass ia  i t a l i c a  

Centaurea s i n a i c a  

Chenopodium album 

Chrozophora p l i c a t a  

Cleome arabicum 

Conyza l i n i f o l i a  

Cynodon dactylon 

Datura stramonium 

E r a g r o s t i s  aegypt iaca  

Fagonia a rab ica  

F l a v e r i a  t r i n e r v a  

F a r s e t i a  l o n g i s i l i q u a  

Helioptropium spp. 

Ochradenus bacca tus  

P u l i c a r i a  c r i s p a  

Solanum nigrum 

Sonchus o le raceus  

Ziziphus s p i n a - c h r i s t i  

Zygophyllum simplex 

Arabic  name 

Rehan/Ra 

Shoack 

Sunf i r  

I s h e r i q  

Shoowak 

Barda 

Tannum 

Horman 
- 
Wab l 

Manj 

Tafeef 

Derma 

Gi thga t  

Obub/Agil 

Hurwayr a 

E l b  

Qarmal 



. - . , 

TABLE 5.1 (continued) 

Location 

Wadi land, coppice mounds 
and sand dunes 

Latin name 

Acacia nubica/tortilis/aethbaica 

Acacia raddiana 

Anticiharis linearis 

Boerhaavia repens 

Calligonum comosum 

Cslotropis procera 

Cotoneaster nummularia 

Launea spp. 

Lycium barburum 

Leptadaenia pyrotechnica 

Pennisetum divisum 

Panicum turgidum 

Pergularia tomentosa 

Rhazia stricta 

Saccharum spontaneum 
Salvadora persica 

Tamarix spp. 

Arabic name 

Arufut 

S amar 

Dubian 

Sootta 

Abel 

Ushar 

Surrah 

Haweywa 

Awsedge 

Myrakh 

Sarra 

I tmum/T annum 

Halga/Ghalga 

Harmal 

Halfa/Hada 
- 

Athl 



CHAPTER 6 

LIVESTOCK TODAY 

Livestock p lay  an important r o l e  i n  t h e  Yemen and t h e  es t imated  

popula t ion  f o r  t h e  whole country i n  1973/74 was a s  fol lows:  

C a t t l e  900,000 

Sheep and goa t s  11,000,000 (poss ib ly  65% sheep) 

Equines 300,800 (mainly donkeys) 

C a m e l s  150,000 

Pou l t ry  3,000,000 

Arable c u l t i v a t i o n  a t  t h e  n a t i o n a l  l e v e l  is s t i l l  l a r g e l y  dependent 

on animal power i n  most a r e a s ,  which accounts f o r  t h e  r e l a t i v e l y  

h igh  numbers of c a t t l e  which a r e  kept  under g e n e r a l l y  adverse  feed 

condi t ions .  Although milk and meat form an important  s e c t o r  of 

t h e  Yemeni d i e t  t h e  c u r r e n t l y  low l e v e l s  of p r o d u c t i v i t y  f a l l  f a r  

s h o r t  of  t h e  demand f o r  animal p ro te in .  

A l l  major c u l t i v a t i o n  i n  Wadi ~ b I d a  is now mechanised. Livestock 

a s  working animals have l o s t  t h e i r  s i g n i f i c a n c e  a t  Ma'r ib  and wi th  

t h e  except ion  of pack donkeys and a few o i l  p r e s s  camels, t h e  l i ve -  

s tock  populat ion is  kept  f o r  milk,  meat and s a l e ,  mainly i n  t h e  

form of  sheep and goats .  C a t t l e  have v i r t u a l l y  disappeared.  

The development of t he  l i v e s t o c k  indus t ry  a s  a whole i s  only  j u s t  

r ece iv ing  o f f i c i a l  a t t e n t i o n  through t h e  Livestock C r e d i t  and 

Processing P r o j e c t  ( IBRD) and i n  t h e  longer t e r m  through t h e  a g r i -  

c u l t u r a l  and l ives tock  development team i n  t h e  Minis t ry  of Agri- 

c u l t u r e .  A B r i t i s h  Government f inanced v e t e r i n a r y  team has been 

working i n  t h e  country s i n c e  l a t e  1972 on a long term p r o j e c t  t o  

i n v e s t i g a t e  t h e  d i sease  s i t u a t i o n  and a s s i s t  t h e  Minis t ry  of Agri- 

c u l t u r e  i n  e s t a b l i s h i n g  a v e t e r i n a r y  se rv ice .  



6.2 LIVESTOCK POPULATION 

Due to the isolation and independence of the area, there are no 

official estimates of the livestock population and it is doubtful 

whether the area is included in the national estimates. Further, 

under the circumstances in which this study was carried out, it 

has not been possible to count animals in relation to particular 

owners or villages and questioning has been limited to a few co- 

operative farmers. This questioning has been of necessity carried 

out in an oblique manner and has not led to any clear indication 

of animal numbers. 

It has therefore been necessary to calculate a figure based on 

counting flocks within and moving around the cultivated areas, 

observing the penning capacity on villages and 'on-farm' buildings 

in order to establish an approximation of the average flock size 

for a farm building. Table 6.1 shows the breakdown of the net 

cultivated area, farm types and the calculated estimate of the 

livestock population. Aerial photography offers a reasonable means 

of estimating the cultivated area. This can be reduced to the 

number of holdings in two classifications depending on the system 

of irrigation in use. The classifications are described in detail 

in Chapter 4 and comprise the following divisions: 

(a) Farms - groundwater irrigation. 
(b) Farms - seil irrigation. 

Two other classes of livestock owner have some influence on the 

project area as follows: 

(c) Immigrants. 

(d) Nomadic Bedouin. 

The total area downstream of the dam, within which most animal 

browsing occurs, is 45 000 ha. Within this area the following 

units carry very little browse: 



TABLE 6.1 

Calcu la ted  e s t i m a t e  of t h e  c u r r e n t  l i v e s t o c k  populat ion i n  Wadi ~ b i d a  

Farm bype N e t  Average No. of Sheep and T o t a l  Donkeys T o t a l  C a m e l s  T o t a l  
c u l t i v a t e d  farm s i z e  ho ld ings  goa t s  pe r  !?er per 
Area (ha)  (ha)  o r  holding hold ing  hold ing  

f a m i l i e s  

Groundwater 
I r r i g a t i o n  1 617 4 4 16 

S e i l  
I r r i g a t i o n  1 684 5 375 45 

Immigrants - 200 5 

Resident  
I 
m t o t a l  
!-J 

I 

Nomadic (1) 

Bedouin 20% i n f l u e n c e  

Overa l l  t o t a l  31 155 1 733 1 067 

(1) The nomadic Bedouin f i n d  most of t h e i r  animal fodder  o u t s i d e  of  t h e  p r o j e c t  a r e a  and 
t h e r e f o r e  a sc r ibed  a p a r t i a l  i n f l u e n c e  only.  



(a) Cultivation - 5 000 
(b) Old silts - 7 000 
(c) Major sand dunes - 4 000 
(d) Lava - 3 000 

Total 19 000 ha 

This leaves approximately 26 000 ha of browse available for the 

estimated livestock population shown in Table 6.1. The browse 

areas are mainly within the area of the recent alluvium and low 

sand dunes which receive flood water at least occasionally. With 

an annual rainfall of 50 - 100 mm, little vegetation suitable for 
browse occurs within areas not subject to replenishment of the 

soil moisture reservoir by flood water. 

Few poultry were observed and they do not 

importance to most local inhabitants. 

6.3 MANAGEMENT AND NUTRITION 

Management is typical of the Middle East 

appear to 

in that an 

at the homestead during the night and herded on the 

be of any great 

imals are penned 

adjacent browse 

areas or fallow and stubble grazings during the day. The women and 

children are generally responsible for the sheep, goats and donkeys 

while the camels may be in the charge of men or older boys. 

Newly born offspring are usually kept at the homestead for the 

first one or two weeks of life, suckling being limited to the time 

that dams return for night penning and before going out in the 

morning. During this period the offspring are offered solid feed, 

lucerne or 'elb' (Ziziphus spina-christi) leaves, and are subse- 

quently allowed to follow their dams to the day feeding grounds. 

At this stage the dams, if good milkers are fitted with udder bags 

and the progeny are only allowed evening and morning suckling in 

competition with hand milking. 

Except in the case of camels there is little if any control on 

breeding season although there appear to be main and secondary 

lambing/kidding periods in spring and autumn for sheep and goats. 



Many of t h e  dams i n  t h e s e  two c l a s s e s  of  s tock  a r e  r epor t ed  t o  

breed t w i c e  a  yea r  w i t h  r e g u l a r i t y .  I n  t h e  s h o r t  per iod  of  t h e  

v i s i t  t o  Ma'rib and due t o  t h e  c o n s t r a i n t s  on ques t ion ing  it was 

d i f f i c u l t  t o  confirm o r  d i s p u t e  t h e s e  f a c t o r s .  Observation o f  t h e  

f l o c k s  dur ing  March, a t  a d i s t a n c e ,  w e r e  inconclus ive  a s  it was 

no t  p o s s i b l e  t o  judge t h e  propor t ion  of  pregnancy amongst breeding  

e w e s .  The propor t ion  of younq animals observed i n  t h e  f l o c k s  was 

low bu t  t h i s  may only  have been an i n d i c a t i o n  of a  h igh  r a t e  of 

d i s p o s a l  a t  under s i x  months. 

Discussions wi th  workers i n  o t h e r  p a r t s  of  Yemen confirm t h a t  two 

breeding seasons e x i s t  b u t  t h a t  t h e  e r r a t i c  a v a i l a b i l i t y  of  f e e d  

s e r i o u s l y  a f f e c t s  t h e  r e g u l a r i t y  of  breeding.  The cond i t ions  i n  

Wadi ~ b x d a  a r e  not  t y p i c a l  of e i t h e r  t h e  upland o r  c o a s t a l  a r e a s  

of Yemen and t h e  f l u c t u a t i o n  i n  a v a i l a b i l i t y  of  animal feed should 

not  be s o  g r e a t  a s  i n  those  p a r t s .  R a i n f a l l  is  below 100 mm p e r  

year and t h e r e f o r e  of l i t t l e  s i g n i f i c a n c e  t o  t h e  l o c a l  vege ta t ion ,  

which e v i d e n t l y  relies on water r e t a i n e d  i n  t h e  s i l t  pockets from 

t h e  sei l .  Areas w e r e  observed where it was obvious t h a t  s e i l  water 

had f a i l e d  t o  p e n e t r a t e  f o r  some t i m e  and s t r o n g  shrub growth was 

e i t h e r  dead o r  dying ou t .  

The cropped lands  c o n t r i b u t e  a  s i g n i f i c a n t  propor t ion  of fodder  

f o r  a l l  c l a s s e s  of s tock  i n  t h a t  most farms keep from 8% - 10% of 

t h e  land f o r  lucerne ,  grown a s  a  pe renn ia l  legume, and both s t r aw 

and s t o v e r  from wheat, sorghum and sesame a r e  fed  t o  animals.  

Stubble  and graz ing  from a l l  crops i s  a l s o  used. Small ' e l b '  

p l a n t a t i o n s  a r e  maintained i n  t h e  v i c i n i t y  of most s e t t l emen t s  

wi th in  t h e  in f luence  of t h e  se i l  a r e a ,  where it is  r e g u l a r l y  lopped 

f o r  f u e l ,  t h e  leaves  being fed t o  l i v e s t o c k .  

The ma jo r i ty  of l i v e s t o c k  a r e  o u t  dur ing  most of t h e  day e i t h e r  

browsing o r  graz ing  and a r e  then  f ed  l i m i t e d  amounts of green 

lucerne i n  t h e  evening when they a r e  penned f o r  t h e  n igh t .  Straw 

o r  s t o v e r  may a l s o  be  fed  a t  t h i s  t i m e  i f  t h e  browse and graz ing  

a r e  i n  s h o r t  supply. Although t h e r e  was some evidence of a t t empts  

t o  s t o r e  r e s idues ,  t h i s  p r a c t i c e  appeared t o  be l imi t ed  t o  keeping 



a few bundles of  s t o v e r  i n  small  sheds o r  l ean ing  a g a i n s t  house 

wa l l s .  The need f o r  s t o r a g e  of r e s idues  must depend t o  a l a r g e  

e x t e n t  on t h e  seasons i n  t h a t  t h e  wheat ha rves t  co inc ides  wi th  

l a t e  win ter  (February and March) when t h e  r e s i d u a l  e f f e c t  of t h e  

se i l  on t h e  n a t u r a l  vege ta t ion  w i l l  be a t  i t s  lowest.  The s t r aw 

is  t h e r e f o r e  a v a i l a b l e  a t  a t i m e  when it is  immediately r equ i red  

and s to rage  is  t h e r e f o r e  only of a s h o r t  t e r m  na tu re .  It i s  prob- 

a b l e  t h a t  s u p p l i e s  w i l l  be f i n i s h e d  by t h e  t i m e  t h e  f i r s t  s e i l  comes 

down t h e  wadi i n  Apr i l .  The se i l  should have an almost immediate 

e f f e c t  on n a t u r a l  herbage which would then  provide t h e  necessary 

l e v e l  of  bulk feed.  Sorghum s t o v e r  on t h e  o t h e r  hand would s t a r t  

t o  become a v a i l a b l e  i n  t h e  l a t e  summer ( J u l y  onwards) when it i s  

poss ib l e  t h a t  feed  from n a t u r a l  vege ta t ion  would s t i l l  be i n  good 

supply and t h e  s t o v e r  would n o t  be immediately required.  

The p r o j e c t  a rea  was v i s i t e d  during March and observa t ions  of t h e  

browse s i t u a t i o n  w e r e  t h e r e f o r e  made a t  a per iod  when t h e  growth 

l e v e l s  w e r e  presumably a t  t h e i r  lowest. A l l  t h e  p a l a t a b l e  p l a n t s  

a v a i l a b l e  appeared t o  be i n  a dormant s t a t e  and although many 

re t a ined  t h e i r  green colouring t h e r e  was l i t t l e  evidence of f r e s h  

growth and animals w e r e  n ibbl ing  a t  s t e m  t e rmina l s  and i n  some 

a r e a s  flower heads. The one except ion appeared t o  be ' r a q '  

(Salvadora p e r s i c a )  which although no t  i n  f u l l  growth, continued 

t o  provide a good supply of  l e a f  browse. The p a l a t i b i l i t y  of  t h i s  

shrub is  l imi t ed  t o  camels which probably accounts f o r  t h e  s t r e n g t h  

of i t s  growth. The poverty  of t h e  browse s i t u a t i o n  i n  l a t e  w i n t e r  

is  i l l u s t r a t e d  f o r  t h e  non-farming s e c t i o n  of t h e  community where 

some nomads and re fugees  a r e  reduced t o  c u t t i n g  'ushar '  a  s p e c i e s  

of Cala t ropis  of  low p a l a t i b i l i t y ,  f o r  animal feed.  Animals w i l l  

r e l u c t a n t l y  p ick  a t  t h e  flowers and leaves  of t h i s  p l a n t  presum- 

ab ly  i n  t h e  extremes of  hunger. 

The major source of n a t u r a l  forage f o r  sheep and goa ts  a p a r t  from 

s c a t t e r e d  Acacia s p e c i e s ,  appeared t o  be a smal l  woody shrub 

L 
l o c a l l y  known a s  ' a l g a ' .  This p l a n t  t h r i v e s  under a wide v a r i e t y  

i. of  condi t ions  and although t h e  s t r o n g e s t  and greenes t  s tands  a r e  

found i n  t h e  a r e a s  inf luenced by t h e  se i l ,  it can a l s o  be found i n  

t h e  rocky d e s e r t  edges away from t h e  p r o j e c t  a r e a  i n  s u f f i c i e n t  

quan t i ty  t o  support  nomadic f locks .  



Useful g rass  i s  l imi ted  t o  Cynodon dactylon ( s t a r  g rass )  which 

grows along i r r i g a t i o n  d i t c h e s  and i n  t h e  occasional  seepage p o i n t s .  

I t  c r e a t e s  a major weed problem on t h e  groundwater i r r i g a t e d  farms 

e s p e c i a l l y  amongst t h e  wheat, t o  t h e  e x t e n t  t h a t  pe r iod ic  long 

fal low i s  necessary t o  e r a d i c a t e  it. Two o r  t h r e e  un iden t i f i ed  

specied of coarse g rasses  were observed bu t  they d i d  no t  appear t o  

be i n  s u f f i c i e n t  quan t i ty  t o  be s i g n i f i c a n t  t o  t h e  grazing animal. 

Some ground legumes, poss ib ly  C r o t i l a r i a  sp . ,  w e r e  a l s o  observed i n  

a semi-dormant s t a t e .  These may be of g r e a t e r  s ign i f i cance  dur ing  

t h e  f lood period when f r e s h  and a c t i v e  growth i s  present  provided 

t h a t  they a r e  both p a l a t a b l e  and non-toxic. 

6.4 LIVESTOCK 

6.4.1 Camels 

These animals a r e  a medium s i z e d  dromedary, genera l ly  l i g h t  brown 

i n  colour wi th  a few v a r i a t i o n s  t o  pa le  o r  dark. They did'not 

appear t o  be a p a r t i c u l a r  h a i r y  type and t h e r e  i s  no evidence of 

a camel h a i r  industry.  

The v a s t  majori ty  of camels found i n  t h e  p r o j e c t  a rea  a r e  producing 

and growing females, t h e  males being r e s t r i c t e d  t o  a d u l t  breeding 

b u l l s  and immatures. 

Although t h e  camel s t i l l  plays a p a r t  i n  t r a n s p o r t  and o i l  p ress ing ,  

it has l o s t  i t s  p lace  i n  c u l t i v a t i o n  power and t h e  need t o  r e t a i n  

l a r g e  numbers of c a s t r a t e  males has been obviated.  Current high 

p r i c e s  both wi th in  Yemen and i n  Saudi Arabia have the re fo re  

changed t h e  emphasis from t h e  u t i l i t y  of camels t o  t h e i r  breeding 

p o t e n t i a l .  The cur ren t  work demand on t h e  camel i s  of a l i g h t  

na ture  and can be adequately ca r r i ed  out  by females. 

The l a r g e r  herds of camels a r e  re ta ined  by t h e  nomadic Bedou and 

t h e i r  inf luence on t h e  p r o j e c t  a rea  is t h e r e f o r e  only periodic .  

The farmer owned camels appear t o  have been reduced t o  the  minimum 

number required t o  keep up a supply of milk and some t r anspor t  

requirements. 



There appear t o  be adequate s u p p l i e s  of camel browse i n  t h e  a rea ;  

t h e  major sha re  be ing  provided by Salvadora p e r s i c a  wi th  Acacia 

and o t h e r  t a l l e r  shrubs  

females r ece ive  r a t i o n s  

they  a r e  working dur ing  

a r e  r epor t ed  t o  consume 

cake. 

providing a l t e r n a t e  sources .  The milking 

of lucerne  i n  t h e  evenings e s p e c i a l l y  i f  

t h e  day. Camels ope ra t ing  t h e  o i l  p re s ses  

cons iderable  q u a n t i t i e s  of sesame seed 

It was n o t  p o s s i b l e  t o  make any accura t e  assessment of  t h e  breeding 

r a t e  of  t h e  l o c a l  herd  b u t  t h e  proport ion of young animals appeared 

c o n s i s t e n t  wi th  t h e  product ion of a t  l e a s t  one o f f s p r i n g  p e r  a d u l t  

b reeding  female i n  t h r e e  yea r s  and a breeding l i f e  of up t o  t h r e e  

o r  fou r  o f f s p r i n g  p e r  female. There a r e  no i n d i c a t i o n s  a s  t o  t h e  

t r e n d  i n  o v e r a l l  numbers b u t  it is poss ib l e  t h a t  t h e  c u r r e n t  high 

p r i c e s  may encourage o v e r s e l l i n g  which would tend  t o  cont inue t h e  

r educ t ion  i n  numbers t h a t  has  taken p lace  i n  r e c e n t  yea r s  due t o  

farm mechanisation. The p resen t  populat ion is  e v i d e n t l y  i n  reason- 

a b l e  balance wi th  t h e  resources .  S t a b i l i s a t i o n  a t  t h i s  l e v e l  

should ensure  t h a t  t h e  a r e a  w i l l  cont inue t o  be a v i a b l e  breeding 

a r e a  and s u p p l i e r  of working s tock  f o r  o t h e r  r eg ions  of Yemen and 

Saudi Arabia. 

No s p e c i f i c  h e a l t h i n v e s t i g a t i o n  was p o s s i b l e  i n  t h e  p r o j e c t  a r e a  

and que r i e s  m e t  w i t h  nega t ive  response. Camels on t h e  whole 

appeared i n  reasonable  t o  good condi t ion  bu t  c a s e s  of  severe  emaci- 

a t i o n  i n  a d u l t  females were observed a s  w e r e  a  number of carcases  

and ske le tons .  Discussion wi th  t h e  l eade r  of t h e  B r i t i s h  Veterin- 

a r y  Team l e d  t o  t h e  sugges t ion  t h a t  t h e s e  animals w e r e  s u f f e r i n g  

from advanced cases  of  mange which is o f t e n  f a t a l  t o  camels i n  

o t h e r  p a r t s  of Yemen. Externa l  and i n t e r n a l  p a r a s i t e s  a r e  repor ted  

i n  camels i n  Yemen a s  a whole and t h e r e  would appear t o  be no 

reason why i n f e s t a t i o n  should n o t  be p resen t  i n  Wadi ~ b i d a ,  espec- 

i a l l y  a s  no c o n t r o l  measures of any kind a r e  taken  i n  t h e  a rea .  

These a r e  mainly t y p i c a l  f a t  t a i l  d e s e r t  sheep,  coa r se  wooled, 



black  t o  dark brown wi th  occas iona l  whi te  and of  medium s i z e ;  

probably of  t h e  'Nejdi '  type .  A few l a r g e r  and less woolly chesnut 

brown specimens w e r e  observed,  t h e  exac t  o r i g i n  of  t h e s e  was no t  

e s t a b l i s h e d  b u t  s i m i l a r  sheep w e r e  noted i n  t h e  f o o t h i l l  a r e a s  of 

t h e  western s lopes  between Taiz and Tihamas. 

The e w e s  a r e  milked f a i r l y  ex tens ive ly  and many w e r e  observed wi th  

bags p r o t e c t i n g  t h e  udder from suckl ing.  Nei ther  t h e  length  of 

t h e  l a c t a t i n g  pe r iod  nor  t h e  q u a n t i t y  of milk produced w e r e  es tab-  

l i s h e d  b u t  it i s  u n l i k e l y  t h a t  more than 500 g p e r  day would be 

produced a t  peak of product ion,  a s  su rp lus  a f t e r  suckl ing.  Biannual 

breeding i s  apparent ly  q u i t e  common and it i s  t h e r e f o r e  u n l i k e l y  

t h a t  e w e s  can be milked f o r  more than 3 months a f t e r  lambing and 

probably t h e  average i s  considerably less. A good e w e ,  lambing 

twice i n  t h e  yea r  may t h e r e f o r e  produce up t o  4 0  l i t res  p e r  annum 

b u t  a poorer e w e  on t h e  o t h e r  hand may no t  produce s u f f i c i e n t  sur -  

p l u s  over  suckl ing  t o  warran t  any hand milking.  

It has  n o t  been p o s s i b l e  t o  e s t a b l i s h  o t h e r  product ion parameters 

under t h e  circumstances p reva i l ing .  Through observa t ion  and very 

l i m i t e d  ques t ion ing  it was ind ica t ed  t h a t  sheep a r e  sheared twice 

a yea r ,  t h e  average production per  shear ing  being less than 1 kg 

of  wool; male lambs w e r e  n o t  c a s t r a t e d  and, except  those  r e t a i n e d  

f o r  breeding,  a r e  s l augh te red  between 8 and 15 months a t  l i v e -  

weights  of between 15 and 2 0  kg. No f a c t o r s  could be e s t a b l i s h e d  

f o r  b i r t h ,  weaning o r  m o r t a l i t y  r a t e s  al though d i scuss ion  wi th  

workers i s  o t h e r  p a r t s  of  Yemen ind ica ted  t h a t  lamb m o r t a i l i t y  is  

no t  high i n  a reasonable  season and t h e  lambing r a t e  is  a l s o  

a f f e c t e d  by season. The p r o j e c t  a rea  en joys  somewhat more consis-  

t e n t  condi t ions  and could poss ib ly  show a lambing r a t e  a s  high a s  

15% with lamb and e w e  m o r t a i l i t y  r a t e s  a s  low a s  10% i n  a good se i l  

year .  An average taken over  a per iod of  f i v e  yea r s  would be 

u n l i k e l y  t o  achieve such o p t i m i s t i c  r a t e s .  

I t  was poss ib l e  t o  roughly age a few sheep i n  farm f locks  which 

ind ica t ed  t h a t  breeding e w e s  tended t o  be younger than f u l l y  

mature. It  was f u r t h e r  noted t h a t  a d u l t  sheep meat was f requent ly  

ea t en  a t  enter ta inments  and gather ings.  This  sugges ts  t h a t  pro- 

duc t ion  l e v e l s  and t h e r e f o r e  e w e  replacement numbers a r e  s u f f i c i e n t  



t o  al low f a i r l y  r igo rous  c u l l i n g  of t h e  poorer  breeding e w e s  

e s p e c i a l l y  where t h e i r  milk production i s  low. 

One w e l l  f l e shed  ram lamb was purchased i n  t h e  l o c a l  market, s l augh t -  

e red  and dressed  o u t  by t h e  w r i t e r .  This  was t h e  only lamb from 

amongst some 20 on o f f e r  t h a t  c a r r i e d  any f l e sh  on t h e  sternum. 

I t  was es t imated  t o  be i n  t h e  region of 

20 kg l i v e .  

The fol lowing breakdown a f t e r  s l a u g h t e r  

Liveweight 

Hot carcase  (with  kidneys) 

K.O.  

Gut, lungs and con ten t s  

Skin ( w e t  w i th  some f a t )  

Head, f e e t  and f a t  t a i l  

Liver  

Other o f f a l  ( h e a r t ,  pancreas,  testes) 

Loss t o  blood, s c a l e  inaccurac ie s ,  e t c  

8 t o  1 0  months and weighed 

was recorded: 

20 kg 

9 kg 
45% 

4.  50 kg) 

3.00 kg) 

2 .  50 kg) 5 th  q u a r t e r  

0.36 kg) 

0.31 kg) 

10.67 kg 

0.33 kg 

I n  l o c a l  p r a c t i c e  wi th  t h e  except ion of  t h e  gu t  conten t  and s k i n ,  

t h e  5 th  q u a r t e r  i s  gene ra l ly  consumed. This would add a f u r t h e r  

t h r e e  kilograms approximately t o  t h e  ca rcase  weight thereby 

inc reas ing  k i l l i n g - o u t . t o  60%. Some of t h e  poorer  lambs had l i v e -  

weights considerably lower than  t h e  above example, average about 

15 kg, and it is reasonable  t o  assume t h a t  k i l l i n q - o u t  (carcase  

only)  would n o t  exceed 40% - 42%.  

Disease l e v e l s  do n o t  appear t o  be high al though p e r s i s t e n t  

ques t ion ing  e s t a b l i s h e d  t h a t  major l o s s e s  occur p e r i o d i c a l l y ,  

i n d i c a t i n g  epidemics. Close n igh t  penning and f l o o r  feeding must 

lead  t o  heavy i n t e s t i n a l  worm burdens. Heavy f l e a  i n f e s t a t i o n s  

common throughout Yemen w e r e  observed and a l though o t h e r  e x t e r n a l  



p a r a s i t e s  w e r e  n o t  seen it is  l i k e l y  t h a t  they  a r e  p resen t  due t o  

lack  of any t rea tments .  The p resen t  i s o l a t i o n  of Wadi ~ b i d a  con- 

t r i b u t e s  towards what appears t o  be a r e l a t i v e l y  d i sease - f r ee  

s i t u a t i o n  b u t  t h e r e  i s  evidence t h a t  d i s e a s e s  a l r eady  p e n e t r a t e  

t h e  a r e a  and a r e  l i k e l y  t o  become more f r equen t  a s  b e t t e r  comrnuni- 

c a t i o n s  a r e  e s t a b l i s h e d .  

6 .4 .3  Goats 

These a r e  long h a i r e d ,  gene ra l ly  a l l  b lack ,  horned and smal l  t o  

medium i n  s i z e  probably df t h e  'Hejazi '  type.  They a r e  sheared 

along with  t h e  sheep and t h e  h a i r  i s  mixed w i t h  wool f o r  a coa r se  

l o c a l  c lo th .  The females a r e  ex tens ive ly  milked and l o c a l l y  

a sc r ibed  b e t t e r  milking q u a l i t i e s  than t h e  sheep. I t  i s  probable 

t h a t  they a r e  t h e  major s u p p l i e r s  of  household milk i n  t h e  p r o j e c t  

a rea .  S imi la r  t o  t h e  sheep they a r e  b iannual  breeders  and g e n e r a l l y  

accepted a s  more p r o l i f i c .  A good milking female w i l l  probably 

produce a t  l e a s t  t w i c e  a s  much milk a s  a good sheep. The impor- 

t ance  of goa ts '  milk i s  demonstrated i n  t h e  e a r l y  age a t  which 

k ids  a r e  s laughtered .  Except f o r  replacement breeding males and 

females, t h i s  age r a r e l y  exceeds f i v e  months and i s  gene ra l ly  

much lower, wi th  l iveweights  of 9 kg and less. 

I n  common with sheep it i s  d i f f i c u l t  t o  l a y  down production para- 

meters b u t  it would appear t h a t  s i m i l a r  c r i t e r i a  w i l l  apply. The 

goat  is gene ra l ly  accepted a s  a h a r d i e r  animal than t h e  sheep and 

capable of t h r i v i n g  i n  a poorer feed s i t u a t i o n  and t h e r e f o r e  would 

be less s e n s i t i v e  t o  v a r i a t i o n s  i n  condi t ions .  

The few females t h a t  could be aged i n  farm f l o c k s  ind ica ted  t h a t  

t h e  breeding females tended t o  be o l d e r  than t h e  e w e s .  This may 

i n d i c a t e  a longer  and more product ive milking l i f e  than sheep o r  

poss ib ly  only demonstrates t h e  preference f o r  sheep meat over  

goat  meat. 

S p e c i f i c  goat  d i s e a s e s  e x i s t  i n  Yemen b u t  no evidence was found 

t o  confirm t h e i r  presence i n  Wadi ~ b i d a .  I t  is  probable t h a t  t h e  

s i t u a t i o n  is s i m i l a r  t o  t h a t  f o r  sheep with  i n t e r n a l  and e x t e r n a l  



parasites being endemic and epidemics causing major losses period- 

ically. 

In common with sheep many cases of overgrown hooves were seen in 

the farm flocks. This is presumably due to the generally short 

distances moved during the day over soft silt and sand and the 

soft flooring in the night pens. The animals kept by Nomadic 

Bedou do not suffer this complaint as they cover much greater 

distances often on hard and stony ground. 

6.4.4 Donkeys 

These are small and generally dark coloured animals, although 

they are not stunted as found in some parts of the Yemen uplands. 

In general they seem to be in good condition and judging by the 

number of younsters in evidence, their breeding rate is adequate. 

They are generally used as pack and riding animals or occasionally 

for driving oil presses. 

Very few carcases or skeletons were observed and no evidence of 

any specific disease was found. Intestinal parasites (Stronqyle 

9.) are reported as responsible for loss of condition in other 

parts of Yemen and it would therefore appear likely that some 

infestations occur in Wadi ~bida. 

Overloading was not observed and the lameness which is prevalent 

in other districts was not obvious. 

6.5 AVAILABLE FODDER 

6.5.1 . Natural Vegetation 

As previously stated, browse forms a major part of the animal diet 

in the project area. 

In the short time available for the study and the circumstances 

under which it was carried out, it was not possible to quantify 



t h e  value o f  t h i s  feed source nor  t o  a s s e s s  t h e  seasonal  changes 

t h a t  may t a k e  p l a c e  i n  q u a l i t y .  

The farm based animals wi th  a l t e r n a t i v e  sources  of feed  a v a i l a b l e  

a r e  obviously l e s s  dependent on browse i n  t h e  l a t e  win te r  than  

those animals  belonging t o  non-farming owners. Observations made 

dur ing  t h i s  pe r iod  ind ica t ed  t h a t  t h e  va lue  of  t h e  browse, w i th  

t h e  p o s s i b l e  except ion of  Salvadora p e r s i c a  f o r  camels, was a t  a 

very low l e v e l .  Apart from o f f e r i n g  C a l a t r o p i s  s p . ,  non-farming 

owners w e r e  being forced  t o  purchase o r  b a r t e r  f o r  supplementary 

feed s u p p l i e s  from farmers. Table 6 . 2  i n d i c a t e s  t h e  n u t r i e n t  

conten t  a n a l y s i s  of  s e l e c t e d  samples of browse c o l l e c t e d  i n  t h e  

p r o j e c t  a r e a  du r ing  t h e  s tudy.  Fur the r  observa t ions  ind ica t ed  

t h a t  t h e  s i t u a t i o n  f o r  some farmers was be ing  s t r e t c h e d  i n  t h a t  

ex tens ive  lopping of Ziziphus s p i n a - c h r i s t i  t r e e s  was t a k i n g  p lace  

t o  provide supplementary green feed.  

The r e l a t i o n s h i p  between t h e  c u r r e n t  s tock ing  r a t e  and t h e  ca r ry -  

ing  capac i ty  would t h e r e f o r e  appear t o  be very  f i n e l y  balanced a t  

p resent .  I t  is probable t h a t  t h e  s tock ing  r a t e  is gene ra l ly  t o o  

high f o r  t h e  win te r  per iod and t h e  f a i l u r e  o r  even l a t e n e s s  of  t h e  

se i l  could cause s e r i o u s  n u t r i t i o n a l  problems. 

There is some p o t e n t i a l  f o r  improving t h e  s i t u a t i o n  through 

c o n t r o l ,  f o r  b e t t e r  n a t u r a l  regenera t ion ,  and poss ib ly  through t h e  

in t roduc t ion  of new browse s p e c i e s  bu t  t h i s  would be i n  t h e  long 

term and a t  cons iderable  expense. 

The people of Wadi ~ b i d a  appear t o  have a f a i r l y  respons ib le  

a t t i t u d e  t o  t h e i r  environment, a s  demonstrated i n  t h e  d i s p o s a l  of  

t h e i r  c a t t l e  dur ing  t h e  process of mechanisation of c u l t i v a t i o n ,  

and provided t h a t  no major o u t s i d e  in f luence  is  appl ied ,  then  they  

w i l l  probably maintain  the  c u r r e n t  p reca r ious  balance between 

s tocking  and ca r ry ing  capaci ty .  



TABLE 6.2 

N u t r i e n t  a n a l y s e s  of  s e l e c t e d  browse p l a n t s  

( c o l l e c t e d  March, 1977) 

Sample Percen taqe  of cjreen m a t t e r  

Dry m a t t e r  Crude p r o t e i n  MAD (l) 
( a i r  d r i e d  samples)  F i b r e  

C a l a t r o p i s  p r o c e r a  
Flowers 

C a l a t r o p i s  p roce ra  
Leaves 

Salvadora  p e r s i c a  
Leaves and stems 

Ziz iphus  s p i n a - c h r i s t i  
Leaves 

(1) . Modified a c i d  d e t e r g e n t  

Note: Assuming t h e s e  p l a n t  m a t e r i a l s  c o n t a i n  no t o x i c  subs t ances  

t hey  would s e r v e  a s  adequate  p r o t e i n  supplements f o r  

ruminants  be ing  f e d  mainly on sorghum s t a l k s ,  maize s t o v e r  

o r  s t raw.  R a t i o  of  t h e s e  m a t e r i a l s  t o  poor a u a l i t y  

roughage would need t o  be  about  1 t o  1 .5  on a d r y  b a s i s .  



6.5-2 Crops and Crop Residues 

The major crops grown which can c o n t r i b u t e  d i r e c t l y  o r  i n d i r e c t l y  

t o  animal feed inc lude  lucerne ,  wheat, b a r l e y ,  sesame and sorghum, 

No o t h e r  crops a r e  grown a t  f i e l d  s c a l e  and any p a r t  of t h e s e  

which i s  u s e f u l  t o  animals is of l i t t l e  s i g n i f i c a n c e  i n  t h e  over- 

a l l  feed s i t u a t i o n .  Table 6.3 i n d i c a t e s  es t imated  crop a r e a s  and 

s t r aw y i e l d s .  

Table 6 . 4  shows t h e  es t imated  value of  t h e  major crops i n  terms of  

T o t a l  D iges t ib l e  N u t r i e n t s  (TDN)  and D i g e s t i b l e  P r o t e i n  ( D P )  f o r  

t h e  es t imated c u r r e n t  cropped a r e a  and l e v e l s  of  product ion.  

The l a s t  column conver t s  t h e  TDN va lue  t o  Livestock N u t r i t i o n a l  

Uni t s ,  ( L N U ) ,  each r ep resen t ing  100 kg of  l iveweight  r e q u i r i n g  a  

b a s i c  maintenance l e v e l  of 546 kg TDN inc lud ing  43.7 kg DP p e r  

yea r .  Conversion t o  l i v e s t o c k  numbers i s  based on t h e  assumptions 

t h a t  four  l o c a l  sheep o r  goa t s  equal  one LNU. Table 6.5 shows t h e  

conversion of t h e  es t imated  populat ion a s  shown i n  Table 6 . 1  t o  LNU. 

Comparison of t o t a l  LNU i n  Tables 6 . 4  and 6.5 shows t h a t  crops and 

r e s idues  provide about 4 4 %  of t h e  requi red  n u t r i t i o n .  The remain- 

i n g  56% must t h e r e f o r e  be drawn from n a t u r a l  browse, Salvadora 

p e r s i c a  p l a n t a t i o n s  and oppor tuni ty  graz ing  of  s t u b b l e  and fa l low 

land.  This l a t t e r  category may provide f o r  up t o  1 000 LNU p e r  

annum which s t i l l  leaves  approximately 48% t o  be found from o t h e r  

sources .  

Assuming t h a t  some 26 000 ha of  n a t u r a l  browse i s  a v a i l a b l e  it 

would be requi red  t o  supply n u t r i t i o n  f o r  some 6 000 LNU, i .e .  a  

s tock ing  r a t e  of one LNU t o  4.3 ha. A t  a  d a i l y  i n t a k e  r a t e  of 

dry mat te r  i n  t h e  o r d e r  of 3% of l iveweight ,  one LNU would r e q u i r e  

about one tonne pe r  annum. The s tock ing  r a t e  of  1 LNU t o  4.3 ha 

would t h e r e f o r e  r e q u i r e  an annual e d i b l e  dry  ma t t e r  production of 

about 230 kg pe r  h e c t a r e  which should be r e l a t i v e l y  e a s i l y  obta ined .  



TABLE 6.3 

Es t imated  Crop Areas  and S t raw Y i e l d s  

Farm Type T o t a l  Area Grain  y i e l d  T o t a l  g r a i n  St raw y i e l d  T o t a l  s t r a w  
p e r  h e c t a r e  y i e l d  p e r  h e c t a r e  y i e l d  

h e c t a r e s  t onnes  tonnes  tonnes  t onnes  

Groundwater i r r i q a t i o n  

Wheat 

Ba r l ey  

Maize 

Sesame 

Lucerne 

S e i l  i r r i g a t i o n  

Wheat 

Sorghum 

1664 2 . 0 0  

124 1.50 

249 2.50 

2 50 0 .75 

s eed  cake  

0.35 

9960 

1664 

1 2 4  

415 

375 

s e e d  cake  

175 

Source: HTS e s t i m a t e s  



TABLE 6 . 4  

Estimated Animal Feed Value of Present  Croppinq i n  T D N ,  DP and LNU 

T o t a l  Proport ion T o t a l  TDN T o t a l  D P  T o t a l  LNU 
Yield a v a i l a b l e  a v a i l a b l e  s e r  cent  TDN  er cent  D P  
Tonnes t o  s tock  tonnes tonnes 

pe r  cent  

Wheat Straw 1 833 80 1 466  4 0  587 0.3 4 .4  1 074 

Barley Straw 1 2 4  80 

Sesame s t a l k s  1) 375 50 

Maize s t a l k s  415 80 

Sorghum s tover  1 972 80 

Lucerne 9 960 95 
cn 
I Sesame cake 175 50 2 

T o t a l  

Source: HTS es t imates  

Notes on t ab le :  

1) Sesame s t a l k s  a r e  no t  genera l ly  recognised a s  a s tandard  animal feed  and information on d i g e s t i b i l i t y ,  
p a l a t i b i l i t y  and n u t r i t i v e  value i s  no t  recorded. The f a c t o r s  appl ied  assume t h a t  it i s  a low value 
f ib rous  ma te r i a l  of low p a l a t a b i l i t y  s i m i l a r  t o  groundnut bushes o r  co t ton  seed h u l l s .  

2 )  The proport ion a v a i l a b l e  t o  s tock  i s  s e t  a t  50% a s  it i s  understood t h a t  s e l e c t e d  m a t e r i a l  i s  a l s o  
used f o r  human consumption. 



TABLE 6.5 

Conversion of e s t ima ted  l i v e s t o c k  popula t ion  t o  LNU 

Clas s  T o t a l  Number Fac tor  T o t a l  LNU 

C a m e l s  1 067 2.50 2  667 

Donkeys 1 733 1.25 2  166 

Sheep and goa t s  31 155 0.25 7  789 

T o t a l  

6.5.3 P r o t e i n  Balance 

The base  maintenance r a t i o n  c a l l s  f o r  a  TDN/DP r a t i o  of  12.5 t o  1. 

The r a t i o  i n  t h e  c r q p i n g  s e c t o r ,  c a l c u l a t e d  from Table 6.4, shows 

a  s u r p l u s  of p r o t e i n  where t h e  r a t i o  is  about 8  t o  1. A t  most 

t i m e s  of t h e  year  p r o t e i n  l e v e l s  i n  browse w i l l  be s a t i s f a c t o r y ,  

w i th  t h e  l a t e  w in t e r  pe r iod  be ing  t h e  t i m e  when d e f i c i e n c i e s  may 

occur .  This  de f i c i ency  may be  ev iden t  amongst animals  which do no t  

r e c e i v e  lucerne  r a t i o n s  a t  t h i s  per iod  bu t  t h e s e  w i l l  be  found 

mainly amongst t h e  non-farm animals.  

This  i s  no t  seen a s  a  major problem i n  comparison t o  t h e  danger of 

o v e r a l l  fodder de f i c i ency .  

6.5.4 Minerals  

The B r i t i s h  Veter inary Team have found evidence of  phosphorus 

d e f i c i e n c y  i n  o t h e r  p a r t s  of Yemen and pre l iminary  f i n d i n g s  i nd i -  

c a t e  low l e v e l s  of t h i s  minera l  i n  s o i l s  i n  Wadi ~ b i d a .  Although 

no obvious c l i n i c a l  s i g n s  o f  t h e  def ic iency  w e r e  observed i n  t h e  

p r o j e c t  a r e a  dur ing  t h e  s h o r t  v i s i t ,  t h e r e  would appear t o  be a  

s t r o n g  p o s s i b i l i t y  t h a t  t h e  de f i c i ency  i s  p re sen t .  

S a l t  is r epo r t ed ly  given t o  animals bu t  whether t h i s  i s  i n  s u f f i c -  

i e n t  q u a n t i t y  i s  no t  known. 



CHAPTER 7 

DEVELOPMENT POTENTIAL 

7.1 GENERAL 

The c u r r e n t  g r o s s  c u l t i v a t e d  a r e s  i n  Wadi ~ b i d a  i s  some 4 472 ha 

and t h e  p o t e n t i a l  g ros s  c u l t i v a b l e  a r e a  i s  cons idered  t o  be  10 738 

ha. To ach ieve  maximum development of t h i s  p o t e n t i a l  t h e r e  must 

be f u r t h e r  mechanisation of  a g r i c u l t u r e ,  mainly i n  t h e  form of 

seed  d r i l l s  and combine h a r v e s t e r s  and t h e  assurance  and provis ion  

of  a r e g u l a r  supply of  i r r i g a t i o n  water .  It i s  proposed t o  b u i l d  

a dam wi th  low l e v e l  r e l e a s e  g a t e s  a c r o s s  t h e  Wadi Dhanah, above 

t h e  s i t e  of  t h e  o l d  Sabean dam, t o  provide   rat er f o r  s e i l  i r r i g a t i o n  

from A p r i l  t o  November o r  December, t o  improve a q u i f e r  recharge and 

t o  reduce water  l o s s e s  caused by excess  water  f lowing i n t o  t h e  

d e s e r t .  The dam w i l l  t empora r i l y  r e t a i n  and r e g u l a t e  t h e  flow of 

t h e  wate r  from t h e  catchment a r e a  enab l ing  it t o  be more f u l l y  

u t i l i s e d  over  an extended per iod .  Fu r the r  s t u d i e s  regard ing  t h e  

f low p e r i o d s  and q u a n t i t i e s  of  sei l  water  a r e  r e q u i r e d ,  b u t  it is 

in tended ,  s u b j e c t  t o  t h e s e  f u r t h e r  s t u d i e s ,  t o  a l low a flow of up 
3 t o  50 m p e r  second of wate r  through t h e  low l e v e l  s l u i c e  g a t e s  

from A p r i l  t o  t h e  middle of  August. The f lood  wate r  w i l l  tempor- 

a r i l y  be  r e t a i n e d  by t h e  dam dur ing  August and September and then 

r e l e a s e d  f o r  t h e  i r r i g a t i o n  of s e i l  land  t o  be cropped wi th  wheat. 

Between t h e  o l d  dam and ~ u s u n  a 1  ~ a l h  permanent d i v e r s i o n  works 

a r e  proposed, i n  s i m i l a r  l o c a t i o n s  t o  t h e  p r e s e n t  main bunds, t o  

r e t a i n  t h e  water  r e l e a s e d  from t h e  dam, p r i n c i p a l l y  f o r  t h e  se i l  

i r r i g a t i o n  of  ad j acen t  a r e a s  b u t  a l s o  t o  i n c r e a s e  a q u i f e r  recharge.  

From t h e  lower bund near  Birsaud t h e  se i l  i r r i g a t i o n  wate r  would be 

c a n a l i s e d  t o  t h e  des igna ted  se i l  i r r i g a t i o n  a r e a s .  The p r e s e n t  

s y s t e m  of bunds b u i l t  i n  minor wadis w i l l  s t i l l  be  r equ i r ed  t o  

d i v e r t  t h e  water  on to  t h e  land  b u t  t h e i r  cons t ruc t ion  and mainten- 

ance w i l l  b e  f a c i l i t a t e d  due t o  t h e  improved c o n t r o l  of  t h e  se i l  

water .  I n  add i t i on  t o  meeting t h e  aims s t a t e d  above, t h e  improved 

wate r  c o n t r o l  r e s u l t i n g  from t h e  proposed works w i l l  l e a d  t o  re- 

duced e r o s i o n  of a g r i c u l t u r a l  l and  and less damage t o  wadi banks. 

Only sma l l  changes i n  s e i l  wate r  r i g h t s ,  s o c i a l  o r g a n i s a t i o n s  and 



l and  r i g h t s  a r e  r equ i r ed  t o  achieve t h e s e  improvements i n  water  

a v a i l a b i l i t y  necessary  f o r  t h e  f u l l  development of  Wadi ~ b x d a .  

The cons t ruc t ion  and f u n c t i o n  of t h e  dam, main d i v e r s i o n  works 

and t h e  groundwater development a r e  d i scussed  i n  a p p r o p r i a t e  

d e t a i l  i n  Annexes V1 and V I I .  

7.2 FARMING SYSTEMS AND CROPPING PATTERNS 

The proposed dam and s e i l  wate r  d i s t r i b u t i o n  wiLl r e s u l t  i n  

v a r i o u s  changes i n  t h e  farming systems enab l ing  g r e a t e r  crbp 

produc t ion  through p r o v i s i o n  of a  more r e l i a b l e  and r e g u l a r  

supply  of water .  

The land c u l t i v a t e d  through s e i l  i r r i g a t i o n  on ly ,  w i l l  g r adua l ly  

be p l an t ed  wi th  more wheat i n  t h e  w i n t e r  and more sorghum and 

some sesame i n  t h e  summer. A s  a  r e s u l t  of t h e  c o n t r o l l e d  flow of 

wate r  from t h e  dam dur ing  t h e  summer months it should be p o s s i h l e  

t o  i r r i g a t e  sorghum more f r equen t ly  and maybe t a k e  an a d d i t i o n a l  

r a toon  c rop  i n  some a r e a s .  The s e i l w a t e r  r e t a i n e d  by t h e  dam 

dur ing  August and September should be r e l e a s e d  from l a t e  September 

onwards, enab l ing  t h e  s o i l  mois ture  t o  be r ep l en i shed  i n  t h e  s e i l  

l ands  and subsequent p l a n t i n g  of  wheat. Although t h e  improved 

supply  of s e i l  wate r  from t h e  dam cannot be guaranteed nor t h e  

t ime of  supply,  t h e  c rop  y i e l d s  should be h ighe r  t han  a t  p r e s e n t  

e s p e c i a l l y  when t h e  farmers  have l e a r n t  t o  c o n t r o l  and f u l l y  

u t i l i z e  t h e  water .  I t  i s  envisaged t h a t  t h e  cropping i n t e n s i t y  

of sorghum w i l l  r i s e  from i t s  p re sen t  60% t o  80% j u s t  a f t e r  t h e  

dam i s  o p e r a t i o n a l  b u t  reduce t o  70% a t  f u l l  development a s  

sesame w i l l  become p a r t  (up t o  15%) of t h e  cropping p a t t e r n .  

Cropping i n t e n s i t y  of wheat w i l l  s i m i l a r l y  r i s e  from i t s  p r e s e n t  

10% t o  20% and then  t o  30% a t  f u l l  development. 

The land  farmed under groundwater and s e i l  i r r i g a t i o n  system w i l l  

a l s o  b e n e f i t  through t h e  improved c o n t r o l  of s e i l  water .  I t  

should be  p o s s i b l e  t o  i r r i g a t e  t h e  sorghum on t h e  s e i l  land more 

f r equen t ly  thus  i n c r e a s i n g  y i e l d s  and t h e r e f o r e  r e l e a s i n g  some 

land f o r  o t h e r  more p r o f i t a b l e  crops .  I t  i s  reasonable  t o  assume 

t h a t  through t h e  i nc reased  wate r  c o n t r o l  t h r e e  o r  f o u r  s e i l  



irrigations of a crop will be possible and thus some sesame can 

be grown. In the event of a bad seil year it would be possible to 

supplement the seil irrigation with groundwater. It may not be 

possible to apply the full crop water requirement in such cases but 

enough water should be available to produce a reasonable crop and 

thereby avoiding complete failure. Through the improved seil 

water control and agricultural improvements it is envisaged that 

the cropping intensity will increase after the dam is in operation 

from the present 109% to 121% and at full development to 139%. (1) 

The effect of the proposed engineering works on farms relying 

solely on groundwater irrigation will be indirect in that due to 

increased aquifer recharge it will maintain the reliability of 

water extraction from the existing wells and also ensure that there 

is sufficient groundwater supply for new wells. This also applies 

to the wells on the groundwater and seil irrigated farms. Farms 

near seil water conveyance structures should be able to take advan- 

tage of this alternative water supply and use it during neriods of 

seil water surplus. Through agricultural improvements the cropping 

intensity on the groundwater irrigated farms is envisaged to incre- 

ase from its present 120% to 137% when the dam is operational, and 

then to 155% at full development. 

The cropping intensities of the three different farming systems 

are shown in Table 7.1 for the first year the dam is operational 

and in Table 7.2 for full development. A typical cropping pattern 

for a groundwater irrigated farm and a seil irrigated farm at 

full development are shown in Figures 7.1 and 7.2. A typical 

cropping calendar at full development is shown in Figure 7.3. 

(1) Reservoir operation studies have shown that the security of 
the surface supplies is such that no practical difference 
between the cropping patterns of the groundwater only and 
mixed supply farms will develop. However, the conjunctive 
use pattern is included for completeness. 



TABLE l .  1 

Future  Cropping Systems and I n t e n s i t i e s  
( F i r s t  yea r  of dam o p e r a t i o n )  

Farm Type Crops % Winter C r o ~ s  % Summer Crops Cropping \l) 

I n t e n s i t y  ( % )  

A )  S e i l  i r r i q a t i o n  only  Wheat 20 - 20 
(Net c u l t i v a t e d  a r e a  
5 ha p e r  farm) Sorghum - 80 80 

T o t a l  20 80 100 

B )  Groundwater i r r i g a t i o n  only  Wheat 
(Net c u l t i v a t e d  a r e a  4 ha - 
p e r  farm) Sesame 

Maize 

Lucerne 10 10 20 

Vegetables  1 2 3 

Orchard 2 2 4 

Wheat 

Sesame 

Maize 

Sorghum 

Lucerne 

Vegetables  

Orchard 

T o t a l  

C )  Groundwater + s e i l  
i r r i g a t i o n  
(Net c u l t i v a t e d  a r e a  5 ha 
p e r  farm) 

T o t a l  58 ' 6 4  1 2  1 

Note (1) There a r e  two p o s s i b l e  cropping seasons ,  each w i t h  a p o t e n t i a l  c r o ~ p i n g  i n t e n s i t y  of 100% t h u s  
g i v i n g  a maximum p o s s i b l e  i n t e n s i t y  of  200%. 



Fu tu re  Crop I n t e n s i t i e s  ( F u l l  ~ e v e l o p m e n t )  

Farm Type Crops % Winter Crops % Summer Crops C r o ~ n i n g  (1) 

I n t e n s i t y  % 

A )  S e i l  i r r i g a t i o n  only  Wheat 30 - 30 
(Net c u l t i v a t e d  a r e a  5 ha  
p e r  farm) Sesame 

Sorghum (2)  

Vegetable  2 2 
- 

T o t a l  

B) Groundwater I r r i g a t i o n  only  Wheat 
(Net c u l t i v a t e d  a r e a  5 ha 
p e r  farm) Sesame 
- 

Maize 

Lucerne 10 10 20 

Vegetables  2 2 4 

Orchard 3 3 6 

T o t a l  

C )  Groundwater & s e i l  
i r r i g a t i o n  
(Net c u l t i v a t e d  a r e a  5 ha  
p e r  farm) 

Wheat 

Bar ley 

Sesame 

Maize 

Sorqhum 

Lucerne 

Vegetables  

Orchard 

T o t a l  73 66  139 

Note (1) There a r e  two p o s s i b l e  cropping seasons ,  each wi th  a p o t e n t i a l  c r o p ~ i n g  i n t e n s i t y  of  100% t h u s  
g i v i n g  a maximum p o s s i b l e  i n t e n s i t y  of 200%. 

( 2 )  Assumes t h a t  through b e t t e r  c o n t r o l  of t h e  s e i l  more p r o f i t a b l e  crops  t han  sorghum can be grobm. 



Cropping pattern at full development : Groundwater irrigated farm 
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Cropping pattern at full development: Seil irrigated farm 
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Figure 7.3 
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7.3 IMPROVEXENTS TO CROPPING 

7.3.1 General 

The objective of the agricultural improvements is to increase pro- 

duction per unit area and to bring into cultivation additional 

land, including some of that presently fallow, through methods 

that will be acceptable to the local people and that do not alter 

greatly existing social rights or organisations. These improve- 

ments consist initially of better cultural methods and the pro- 

vision of extension services and later, the introduction of new 

crops, new varieties, harvesting machinery and improved water 

control from the completion of the dam. The cultural improvements 

do not have a time limit as they are an ongoing process and will 

still be continuing when the area reaches full development. 

Future crop yields are summarized in Table 7.3. 

Table 7.3 Crop yields 

Crop Yield kg/ha 
Present Intermediate (l) Full development 

Wheat (well) 2 000 2 700 

Wheat (seil) 900 1 000 

Sorghum (seil) 850 1 000 

Maize (well) 1 500 2 500 

Sesame (weel) 5 00 800 

Sesame (seil) - 
Vegetables (well) 1 500 9 000 

Vegetables (seil) - - 
Orchard (well) 1 500 3 000 

Lucerne (well) 60 000 70 000 
(Green matter) 

Note: (1) Intermediate stage assumes that all cultural 
improvements have been implemented, and coincides 
with the first year of dam operation. 



There are many husbandry improvements that are common to all 

crops and these are as follows:- 

a) Improved land levelling in the fields thereby establishing 

a more even application or irrigation water which will result 

in a more even crop stand. 

b) Through improved land levelling bigger individual irrigation 

plots can be introduced thus reducing labour requirements 

for bund making and irrigation attendance time. At present 

the typical 30 to 40 m2 irrigation plot takes six to ten 

minutes to irrigate and if this size is increased to 120 - 
2 160 m then the irrigation time will be 25 - 40 minutes, 

possibly allowing sufficient time for the person in attendance 

to carry out another useful job such as weeding. The exact 

plot size will need to be determined by trials carried out 

at the field trial-demonstration farm. 

c) The introduction of a pre-cultivation irrigation followed by 

cultivation a few weeks later will improve weed control and 

facilitate cultivation. The irrigation also helps to build 

up the available soil moisture content. 

d) The introduction of row cropping by use of a seeder attached 

to a tyne cultivator will greatly reduce seeding time, 

improve plant populations and facilitate weeding. 

e) The labour demand for weeding will be reduced by the use of 

a hand hoe especially amongst crops sown in rows. Weeding by 

hoe, apart from being more effective, breaks up the soil 

surface thereby preventing soil capping. 

f) From the irrigation trials conducted at the demonstration 

farm it will be possible to make recommendations to the 

e farmers on irrigation techniques, timing and application 

rates. Correct irrigation applications will not only result 

in a higher yield but also in more economical use of water. 



The i n t r o d u c t i o n  of seed d re s s ings  w i l l  h e l p  prevent  l o s s e s  

from s o i l  i n s e c t s .  However, g r e a t  c a r e  must be taken  t o  

exp la in  t o  farmers  t h a t  d ressed  seed cannot be e a t e n  and 

must no t  be  s o l d  u n l e s s  s u i t a b l y  marked and then  only t o  

farmers o r  merchants f o r  seed purposes.  

Most farmers use  t h e i r  own seed f o r  p l a n t i n g  and b e t t e r  

methods of seed  s e l e c t i o n  w i l l  improve c rop  s t a n d s  and reduce 

t h e  q u a n t i t y  of seed r equ i r ed  t o  achieve such s t ands .  Pos- 

s i b l e  methods of  improving seed s e l e c t i o n  a r e  s e l e c t i o n  of 

seed from t h e  hea l thy  high y i e l d i n g  s t a n d s ,  exc lus ion  of 

weed seeds ,  c a r e f u l  t h re sh ing  avoid ing  phys i ca l  damage and 

s t o r a g e  of low mois ture  conten t  seed  i n  a  s u i t a b l e  p l ace  

where i n s e c t  o r  rodent  damage i s  minimal. 

The c u l t u r a l  improvements o u t l i n e d  should g ive  a  25% y i e l d  inc re -  

a s e  over t h e  f i r s t  few yea r s  on w e l l  i r r i g a t e d  land.  A seed r a t e  

of about 150 kg p e r  ha should be used. During t h i s  t i m e  t i r i a l s  

can be conducted on new wheat v a r i e t i e s ,  p l a n t i n g  d a t e s  and f e r -  

t i l i z e r  response.  Promising new v a r i e t i e s  of wheat have been 

grown i n  Ibb and Yarim under guidance from t h e  Cen t r a l  A g r i c u l t u r a l  

Research and Tra in ing  Centre ,  Taiz (CARTC) (l) where a  25% y i e l d  

i n c r e a s e  was exper ienced.  The German P r o j e c t  (Sana 'a)  claims 

y i e l d s  of up t o  t h r e e  tonnes  per  h e c t a r e  from farmers '  f i e l d s  

us ing  new v a r i e t i e s .  These new v a r i e t i e s  (Kalyan Sona, Sonal ika  

and Chenab 70) respond t o  n i t rogen  f e r t i l i z e r  and CARTC made t en -  

t a t i v e  recommendations f o r  a  s p l i t  a p p l i c a t i o n  of 90 kg of N on 

i r r i g a t e d  land and 60 kg of N on r a i n  f ed  land.  When improved 

v a r i e t i e s  a r e  in t roduced  t o  t h e  farms i n  Wadi ~ b i d a  and smal l  

a p p l i c a t i o n s  of n i t rogen  f e r t i l i z e r  a r e  used,  a  f u r t h e r  y i e l d  

i n c r e a s e  of 25% - 30% i s  expected b r ing ing  t h e  y i e l d  t o  about 

3500 kg per  ha. The new v a r i e t i e s  w i l l  be r u s t  t o l e r a n t  bu t  o l d  

v a r i e t i e s  grown i n  t h e  a r e a  a r e  n o t ,  and t h e r e f o r e  it i s  l i k e l y  

t h a t  t h e  inc idence  of r u s t  on t h e  e x i s t i n g  v a r i e t i e s  w i l l  i n c r e a s e  
- 

(1) Ta laa t ,  E . H . ,  Wheat and Barley Breeding and Agronomy 
Programme 1976 Cen t ra l  A g r i c u l t u r a l  Research and Training 
Centre,  Taiz - Minis t ry  of Agr i cu l tu re ,  Yemen Arab 
Republic. 



p o s s i b l y  caus ing  a r educ t ion  i n  y i e l d .  The s i t u a t i o n  must be  

monitored c l o s e l y  and i f  r u s t  d i s e a s e  becomes p r e v a l e n t ,  t h e n  a 

s p e c i a l  e f f o r t  by t h e  ex t ens ion  s e r v i c e  w i l l  be necessary  t o  per-  

suade t h e  fa rmers  t o  change r a p i d l y  t o  t h e  new r u s t  t o l e r a n t  

v a r i e t i e s .  

A s  wheat p roduc t ion  i n c r e a s e s  and new a r e a s  a r e  brought under 

c u l t i v a t i o n ,  h a r v e s t i n g  by hand w i l l  become i n c r e a s i n g l y  more 

d i f f i c u l t  and more l abour  consuming. The i n t r o d u c t i o n  of a combine 

f o r  h a r v e s t i n g  w i l l  a l l e v i a t e  t h i s  l abou r  shorage and enab le  t h e  

crop t o  be  ha rves t ed  i n  a few weeks. A t  f u l l  development t h e  

whole wheat c rop  w i l l  be  d r i l l  seeded i n  t h e  f i r s t  two weeks o f  

Octover and ha rves t ed  by combine about  f o u r  and a h a l f  months 

l a t e r  i n  February.  To ach ieve  a cropping i n t e n s i t y  o f  155% on 

groundwater i r r i g a t e d  farms a t  f u l l  development it i s  very  import-  

a n t  t h a t  a l l  wheat i s  harves ted  by t h e  middle of  March s o  t h a t  t h e  

l and  can be  c u l t i v a t e d  and sown wi th  sesame and maize du r ing  t h e  

same month. The i n t r o d u c t i o n  of a s m a l l  t h r e s h e r  w i th  a c a p a c i t y  

o f  about one t o n  p e r  hour w i l l  reduce l abour  demand and g i v e  

c l e a n e r ,  b e t t e r  s eed ,  and improve s t r a w  q u a l i t y .  The t h r e s h e r  be- 

i n g  r e l a t i v e l y  sma l l  can be  moved e a s i l y  from one t h r e s h i n g  f l o o r  

t o  ano ther  o r  t o  d i f f e r e n t  a r ea s .  

Wheat on se i l  i r r i g a t e d  land can be  expec ted  t o  reach  a y i e l d  o f  

1 000 kg p e r  ha  w i th  improved c u l t u r a l  methods, mainly i n c r e a s e d  

p l a n t  popu la t i on  and weeding. No f u r t h e r  i n c r e a s e s  can be  expec- 

t e d  u n t i l  s e i l  wa te r  c o n t r o l  i s  improved, t he reby  prov id ing  a 

h ighe r  r e s i d u a l  s o i l  mois tu re  con ten t  f o r  t h e  p l a n t s  t o  draw on. 

7 . 3 . 3  Barley 

Bar ley i n  Wadi ~ b I d a  i s  low y i e l d i n g  and i t  is  proposed t o  r e p l a c e  

t h e  smal l  a r e a ,  some 83 ha ,  by wheat which i s  more p r o f i t a b l e .  

However, a r e a s  w i th  h igh  s o i l  s a l i n i t y  o r  which development h i g h  

s a l i n i t y  w i l l  b e  b e t t e r  cropped wi th  b a r l e y  t han  wheat a s  it is  

more t o l e r a n t  under such condi t ions .  



7.3.4 Sesame 

I t  is  s tong ly  recommended t h a t  sesame be sown i n  rows and grown 

i n  pure s t a n d s  and n o t  mixed with  maize. This  w i l l  enable  a  more 

even s t and  of a  h ighe r  p l a n t  populat ion t o  be achieved and w i l l  

f a c i l i t a t e  t h e  s i n g l i n g  and weeding ope ra t ions .  Optimum seed 

r a t e s  and spac ings  w i l l  need t o  be determined through t r i a l s  b u t  

should be i n  t h e  region of 6 - 8 kg of seed p e r  ha a t  a  row spacing 

of 30 - 40 cm. T r i a l s  should be conducted wi th  new non-sha t te r ing  

types ,  p r e f e r a b l y  white seeded, a s  t h e  borwn seeded v a r i e t y  i s  

undes i rab le  f o r  i n d u s t r i a l  purposes. Response t o  f e r t i l i z e r  from 

t h e  l o c a l  v a r i e t i e s  is  l i k e l y  t o  be very  smal l  and t h e r e f o r e  n o t  

recommended. These c u l t u r a l  improvements a r e  expected t o  r a i s e  

t h e  y i e l d  from 500 kg t o  800 kg p e r  ha. Fur ther  y i e l d  i n c r e a s e s  

w i l l  depend on new v a r i e t i e s  and f e r t i l i z e r  response,  a l though 

experimental  y i e l d s  of up t o  1 200 kg p e r  ha have been obta ined  i n  

t e h  Tihama (1) us ing  l o c a l  v a r i e t i e s  wi th  no f e r t i l i z e r .  A s imple  

motor d r iven  o i l  p r e s s  should be introduced t o  r ep lace  t h e  e x i s t i n g  

camel p r e s s  t h u s  inc reas ing  t h e  r a t e  of e x t r a c t i o n  and t h e  percent -  

age of o i l  expressed from t h e  seed.  The camel used on e x i s t i n g  

p res ses  would be r e l eased  f o r  o t h e r  work o r  f o r  breeding purposes.  

The p o t e n t i a l  t o  g r e a t l y  inc rease  sorghum y i e l d s  i s  l imi t ed  by 

water a v a i l a b i l i t y .  With e x i s t i n g  v a r i e t i e s  t h e  y i e l d  can be 

expected t o  reach 1 000 kg per  ha,  mainly through row p l a n t i n g  and 

b e t t e r  weeding. The optimum seed r a t e  i s  a  mat te r  of i n d i v i d u a l  

judgement a s  t h e  seils a r e  extremely v a r i a b l e  bu t  shouls  be i n  

t h e  region of 15 - 2 0  kg per  ha. Experimental y i e l d s  of 3  000 

t o  4 000 kg pe r  ha have been obtained i n  t h e  Tihama with new 

v a r i e t i e s  b u t  with  an i r r i g a t i o n  i n t e r v a l  of 15 days. Such an 

i r r i g a t i o n  i n t e r v a l  under w e i l  i r r i g a t i o n  condi t ions ,  even wi th  

improved water  c o n t r o l  through t h e  dam, appears un l ike ly .  Average 

(1) Shehata A . H . ,  Muqbal A.H. ,  Shuja 'a  A . H . ,  Abdel-Hamid F.A., 
Technical  Bu l l e t ing  No 6 1977. Tihama Development Author- 
i t y ,  Minis t ry  of Agr icu l ture ,  Yemen Arab Republic. 



y i e l d s  u s i n g  new v a r i e t i e s  a r e  expec ted  t o  rise t o  2 000 kg p e r  ha .  

Threshing by machine shou ld  b e  cons ide r ed  a s  it i s  l i k e l y  t h a t  a 

s i n g l e  t h r e s h e r  cou ld  be  economical ly  run  o f f  t h e  pump motor.  

7.3.6 Maize 

P r e s e n t  maize  y i e l d s  a r e  low mainly  due t o  i n t e r c r o p p i n g  w i t h  

sesame and t h e r e f o r e  it i s  s t r o n g l y  recommended t h a t  maize b e  

grown i n  a  p u r e  s t a n d .  Monoculture shou ld  be  ach ieved  w i t h i n  

t h r e e  y e a r s  and y i e l d s  a r e  expec t ed ,  w i t h  e x i s t i n g  v a r i e t i e s ,  t o  

r ise t o  an e s t i m a t e d  2 500 kg p e r  ha. Two new v a r i e t i e s ,  Tihama 

Composite 1 and Tihama Composite 2 ( l )  b red  i n  t h e  Tihama, have i n  

f i e l d  t r i a l s  y i e l d e d  3  000 - 6  000 kg per ha u s ing  a  recommended 

seed  r a t e  o f  30 - 35 kg p e r  ha  and a  row spac ing  o f  60 - 70 cm. 

It i s  recommended t h a t  t r i a l s  shou ld  b e  s t a r t e d  imrnediatelv w i t h  

t h e s e  two v a r i e t i e s  i n  Wadi Abida and t h e  husbandry recommendations 

pu t  forward by t h e  Tihama Development A u t h o r i t y ,  ( l )  where 

a p p l i c a b l e ,  fo l lowed  c l o s e l y .  T r i a l s  t o  determine  optimum nl;nt ing 

d a t e s ,  p l a n t  p o p u l a t i o n s  and f e r t i l i z e r  r equ i rements  shou ld  be  

c a r r i e d  o u t .  I n  t h e  Tihama, ammonium s u l p h a t e  a t  100 kg o f  a c t i v e  

n i t r o g e n  p e r  ha  i s  recommended. I t  i s  l i k e l y  t h a t  Tihama Composite 

1 w i l l  be  p r e f e r r e d  l o c a l l y  a s  it i s  ye l low g ra ined  s i m i l a r  t o  

e x i s t i n g  v a r i e t i e s  grown. Tihama Composite 2 i s  w h i t e  g r a i n e d .  

Using new maize v a r i e t i e s  and f e r t i l i z e r s ,  y i e l d s  a r e  expec ted  

t o  rise t o  3  000 kg p e r  ha. 

A s imple  mechanised maize s h e l l e r  shou ld  be  cons ide red  e s p e c i a l l y  

when y i e l d  i n c r e a s e s  become a p p a r e n t  and t h e  l abour  demand f o r  

hand s h e l l i n g  i n c r e a s e s .  

7.3.7 P u l s e s  

The f r e e  d r a i n i n g  s o i l s  of t h e  a r e a  w i t h  t h e i r  i n h e r e n t  f e r t i l i t y  

and t h e  g e n e r a l  c l i m a t i c  c o n d i t i o n s  a r e  s u i t a b l e  f o r  p u l s e s .  Beans 

u n l i k e  some p u l s e s  a r e  n o t  d r o u g h t - t o l e r a n t  and r e q u i r e  m o i s t u r e  

throughout  t h e  growing pe r i od .  P u l s e  c rops  a r e  p a r t i c u l a r l v  
p-p p 

(1) Sheha ta  A . H . ,  Muqbal A . H . ,  S h u j a ' a  A . H . ,  ~bdel-  amid F.A., 
Techn i ca l  B u l l e t i n  No. 6  1977. Tihama Development A u t h o r i t y ,  
M i n i s t r y  o f  A g r i c u l t u r e ,  Yemen Arab Republic  



sensitive to irrigation during critical response Deriods which 

occur at flowering and pod development. No nulses are grown on 

a field scale at present but it is strongly recommended that 

trials should be started. If the results prove satisfactory the 

pulses should be ihtroduced into the cropping pattern to increase 

crop diversification and to improve crop rotations. Pulses, being 

legumes,, formroot nodules in the presence of the specific 

nodulating bacteria. Atmospheric nitrogen is fixed in these 

nodules and made available to the legume plant thus improvina the 

nutrient availability. The nitrogen fixed in the nodules will be 

of benefit to a closely following cron such as wheat. Pulses are 

easily dried and transported but if consumed locally they will 

improve the protein content of the local diet. The haulms, 

providing they are not too dry, are palatable to livestock and will 

become an additional source of fodder. 

From the many types of pulses it is recommended that trials should 

start with Haricot beans (Phaseolus vulgaris), chick nea (Cicer 

arietinum) Lentil (Lens esculenta) qreen gram (Phaseolus aureus) 

and black gram (Phaseolus mungo). The most suitable ty~es and 

varieties for planting in March - April and harvesting in July/ 
August should be identified first and then more detailed trials 

concerning plant spacing, water requirements, irrigation frequency 

and cultural practices should be carried out before they are fully 

recommended and released to farmers. The plants should be sown on 

the ridge in pure stands and initially it mav be necessary to 

innoculate the seed with the specific Rhizobium bacteria. Where 

legumes have not previously been used in a rotation a response to 

innoculurn can be expected. Various lequme trials have been 

conducted at CARTC Taiz, but no data are available on yields 

obtained at farm level. Yields in Wadi ~bida are initially 

expected to be 500 kg per ha rising to about 1 200 kg per ha at 

full establishment. 

7.3.8 Groundnut 

It is proposed that 

Pulses should be introduced before groundnuts. 

field trials should be conducted with 



groundnuts a s  a p a r t  from being a sou rce  of  food w i t h e r  raw o r  

r o a s t e d ,  t hey  can be processed f o r  o i l  and t h e  haulms a r e  n u t r i -  

t i o u s  and p a l a t a b l e  t o  l i v e s t o c k .  The husks from t h e  nu t  a r e  a l s o  

a source  o f  roughage f o r  u se  wi th  o t h e r  animal feeds .  Groundnuts, 

being a legume, have r o o t  nodules f i x i n g  a tmospher ic  n i t r o g e n  f o r  

p l a n t  use. I n  Wadi Abida it should be  r o t a t e d  wi th  wheat which 

should b e n e f i t  from t h e  r e s i d u a l  f i x e d  n i t r o g e n .  Groundnut re- 

q u i r e s  a warm c l i m a t e  and grows w e l l  on l i g h t  reasonably f e r t i l e  

s o i l s  such a s  found i n  t h e  a r ea .  S o i l  mois ture  must be  mainta ined 

throughout t h e  growth pe r iod  o r  poor y i e l d s  r e s u l t .  A t  h a r v e s t ,  

d r y  cond i t i ons  are r e q u i r e d  a l though t h e  s o i l  should be s u f f i c i e n t l y  

mois t  t o  a l low t h e  n u t s  t o  be pu l l ed  wi thout  t o o  many remaining i n  

t h e  ground. The Spanish o r  Valencia t ype  of  groundnut a r e  e r e c t  and 

bunched i n  growth h a b i t  and mature i n  about  f o u r  months. This  t ype  

is more s u i t a b l e  f o r  t h e  a r e a  due t o  t h e  s h o r t e r  growing season 

than  t h e  V i r g i n a i  groundnut,  which i s  branching i n  growth h a b i t  

and has  a growth pe r iod  of  f i v e  t o  s i x  months. The Spanish- 

Valencia groundnut produces a h igher  q u a l i t y  o i l  b u t  has  a lower 

y i e l d .  

T r i a l s  should be  conducted wi th  t h e  Spanish-Valencia groundnuts 

t o  determine s u i t a b l e  v a r i e t i e s ,  p l a n t i n g  d a t e s ,  spacing,  wate r  

requirements and c u l t u r a l  p r a c t i c e s .  Very few groundnuts a r e  

grown a t  p r e s e n t  and t h e  optimum p l a n t i n g  d a t e  wi thout  r r i a l s  is 

d i f f i c u l t  t o  determine.  However, p l a n t i n g  i n  A p r i l  and h a r v e s t i n g  

i n  August is  envisaged.  Groundnuts grown i n  Taiz and Tihama have 

been seve re ly  damaged by t e rmin te s  and it i s  p o s s i b l e  t h a t  s i m i l a r  

damage could be experienced i n  Wadi Abzda. However, dur ing  t h e  

s h o r t  s tudy  pe r iod  no evidence of termite e x i s t e n c e  o r  damage was 

seen.  Chemicals a r e  a v a i l a b l e  f o r  termite c o n t r o l  b u t  must be 

used with  cau t ion  a s  t h e  cheaper chemicals cause  t a i n t i n g  o f  t h e  

n u t s .  Generally it is  n o t  economic t o  u se  t h e  expensive,  non- 

t a i n t i n g  chemicals f o r  termite c o n t r o l .  Groundnuts do no t  l i k e  

s t and ing  wate r  and t h e r e f o r e  p l a n t i n g  on t h e  r i d g e  is recommended. 

The optimum seed  r a t e  w i l l  probably be i n  t h e  reg ion  of 4 0  kg p e r  

hec t a re .  App l i ca t ions  of phosphate f e r t i l i z e r s  a r e  l i k e l y  t o  i n -  

c r e a s e  y i e l d s .  A y i e l d  of 750 kg of  s h e l l e d - n u t s  p e r  ha i s  expec ted  

i n i t i a l l y  r i s i n g  t o  1 500 kg per  ha a f t e r  a few yea r s .  



7.3.9 Lucerne 

Lucerne i s  an extremely important  source  of animal fodder  and 

y i e l d  i n c r e a s e s  w i l l  h e l p  t o  reduce t h e  browsing o f  n a t u r a l  vege- 

t a t i o n  and provide  a more n u t r i t i o u s  d i e t .  Yie ld  i n c r e a s e s  can 

be  a t t a i n e d  through sowing luce rne  i n  rows the reby  f a c i l i t a t i n g  

weeding and he lp ing  t o  main ta in  a pure  s t and .  Lucerne should b e  

c u t  above t h e  crown and n o t  a t  ground l e v e l .  Th i s  w i l l  i n c r e a s e  t 

t h e  recovery rate o f  t h e  p l a n t s  r e s u l t i n g  i n  h ighe r  y i e l d s  pe r  

c u t  o r  more c u t s  p e r  yea r .  P re sen t  y i e l d s  are t e n t i v e l y  e s t ima ted  

a t  60  t o m e s  green matter p e r  y e a r  p e r  ha and i n c r e a s e s  t o  80 

tonnes  should be  p o s s i b l e  w i th  12-15 c u t s  annua l ly .  I n  Saudi 

Arabia'') green m a t t e r  y i e l d s  of  120 tonnes  p e r  ha have been 

achieved exper imenta l ly  u s ing  f e r t i l i z e r  and good i r r i g a t i o n  manage- 

ment. 

7.3.10 Vegetables and tree crops  

Both summer and w i n t e r  vege t ab l e s  can be grown i n  Wadi Abida, 

however l o c a l  a t t i t u d e s  and l ack  of e a s i l y  r eachab le  o u t s i d e  markets  

l i m i t  t h e  expansion.  Vegetables product ion w i l l  i n c r e a s e  slowly 

a t  f i r s t ,  a l though a more r a p i d  i n c r e a s e  can be expected a f t e r  

completion of t h e  Sana'a-Ma'rib road. Many types  of  vege tab les  

can be grown and a r e  p r e s e n t l y  grown i n  ones and twos on i n d i v i d u a l  

w e l l  i r r i g a t e d  farms. Product ion should be concen t r a t ed  on on ions ,  

peppers ,  egg p l a n t ,  tomatoes,  g a r l i c ,  c a r r o t s ,  cabbage, beans, 

s w e e t  melon and water melon. Pidgeon pea,  should be mentioned 

because i f  p l an t ed  on farm per imeters  o r  i r r i g a t i o n  d i t c h e s  it n o t  

on ly  provides  a wind break b u t  a l s o  a source  o f  human and animal 

food. It i s  grown i n  t h e  a r e a  b u t  no t  f u l l y  u t i l i z e d  because t h e  

pods a r e  no t  picked f o r  l o c a l  consumption nor  a r e  t h e  l eaves  widely 

used f o r  animal fodder .  Young p l a n t s  y i e l d  b e s t  and should n o t  

be grown beyond t h r e e  t o  f o u r  yea r s .  

(1) Farnworth, J. 1976 I r r i g a t e d  forage  produc t ion  under extreme 

a r i d  zone cond i t i ons  i n  Saudi Arabia. Experimental  Agr i cu l tu re  

12,  177-187 (Great  B r i t a i n ) .  - 



Improved and more s u i t a b l e  v a r i e t i e s  of vegetable  seed should be 

made a v a i l a b l e  a s  l o c a l  vege tab le  v a r i e t i e s  appear poor and seed 

brought from Sana'a is  no t  i d e a l l y  s u i t a b l e .  Under improved 

husbandry techniques,  y i e l d s  should be h igher  and of b e t t e r  q u a l i t y .  

Experimental t r i a l s  conducted by t e h  Tihama Development Authori ty  

have shown water melon (l) t o  y i e l d  38 tonnes pe r  ha and tomatoes ( 2 )  

2 0  tonnes pe r  ha wi thout  f e r t i l i z e r .  

The c l imate  appears s u i t a b l e  f o r  t h e  production of c i t r u s  and 

o t h e r  f r u i t s  such a s  grape pomegranate, and f i g  bu t  husbandry 

techniques  need t o  be improved. Apricots  should be considered 

and pre l iminary  t r i a l s  c a r r i e d  o u t  t o  determine s u i t a b i l i t y  and 

y i e l d  p o t e n t i a l .  Establ ishment  of orchards  i s  long t e r m  and 

c a p i t a l  involvement i s  high a s  t h e r e  i s  no f i n a n c i a l  r e t u r n  f o r  

t h e  f i r s t  few years .  I n i t i a l  r e t u r n s ,  however, can be achieved 

i f  t h e  rows between t h e  trees a r e  intercropped wi th  vege tab les  

o r  lucerne.  

C i t r u s  appears  t o  be t h e  most promising commercial crop and con- 

s i d e r a b l e  i n t e r e s t  has  been shown by l o c a l  farmers i n  a t tempting 

t o  e s t a b l i s h  f r u i t  bear ing  c i t r u s  trees, a l though s o  f a r  unsuc- 

c e s s f u l l y .  Care should be taken  t o  e s t a b l i s h  trees i n  p l aces  

s h e l t e r e d  from t h e  wind o r  t o  e s t a b l i s h  windbreaks. C i t r u s  is  

e a s i l y  damaged by wind, producing s c a r s  where rubbing occurs  and 

l o s s  of l eaves ,  blossom and smal l  f r u i t  i n  s t r o n g  winds. Oranges 

which grow on t h e  o u t s i d e  of  t h e  l e a f  canopy a r e  l i a b l e  t o  s u f f e r  

from sun sco ld  dur ing  t h e  high summer temperatures  whereas grepe- 

f r u i t  which grow on t h e  i n s i d e  of t h e  l e a f  canopy a r e  less a f f e c t e d  

and t h e r e f o r e  more s u i t a b l e  f o r  t h e  a rea .  Rough lemon roo t s tocks  

a r e  gene ra l ly  used bu t  t h e s e  a r e  n o t  t o l e r a n t  of s a l i n e  s o i l s  an- 

must be avoided under s a l i n e  condi t ions .  The high PH of  t h e  s o i l s  

i n  t h e  a r e a  could cause mineral  d e f i c i e n c i e s  bu t  can e a s i l y  be 

ad jus t ed  us ing  granular  f e r t i l i z e r s  o r  f o l i a r  sprays .  T r i a l s  

should be conducted us ing  improved roots tock  and compared wi th  

(1) Shehata,  A.H. ,  Muqbel, A.H.  Shuja,  A.H. Technical  B u l l e t i n  
No. 5 Tihama Development Authori ty  1976 - Yemen Arab 
Republic. 

( 2 )  Shehata,  A.H. ,  Muqbel A.H. ,  Shuja A.H. ,  Abdel-Hamid F.A. 
Technical  B u l l e t i n  No. 6 1977 Tihama Development Authori ty  - 
Yemen Arab Republic. 



l o c a l  ones which do n o t  appear t o  be  of  good q u a l i t y .  Rootstocks 

t h a t  have been s u c c e s s f u l  e lsewhere  and have performed w e l l  under 

co ld  w i n t e r  cond i t i ons  a r e  ' t r i f o l i a t e  orange '  and ' t r o y e r  c i t r a n g e ' .  

Rootstock is  brought  i n t o  Wadi ~ b i d a  from many d i f f e r e n t  p l a c e s  

a t  p r e s e n t  and i f  c i t r u s  p roduc t ion  becomes e s t a b l i s h e d  some form 

o f  c o n t r o l  maybe r equ i r ed  t o  p reven t  t h e  spread o f  v i r u s  d i s e a s e s  

from i n f e c t e d  trees brought i n t o  t h e  a r ea .  

7.3.11 Pests and Diseases  

P l a n t  damage o r  l o s s  r e s u l t i n g  from d i s e a s e s  o r  p e s t s  is a t  t h e  

moment low b u t  a s  y i e l d s  and cropping i n t e n s i t i e s  i n c r e a s e  s o  t o o  

w i l l  t h e  inc idence  of d i s e a s e .  The opening of  t h e  San's-Ma'rib 

road could a l s o  b r i n g  i n t o  t h e  a r e a  new d i s e a s e s  o r  s t r a i n s  t o  

which l o c a l  c rop  v a r i e t i e s  a r e  no t  t o l e r a n t .  N e w  v a r i e t i e s  o r  

crops  in t roduced  must be accompanied wi th  t h e  r e s p e c t i v e  c u l t u r a l  

improvements, f e r t i l i z e r s  and d i s e a s e  c o n t r o l  p r a c t i c e s  necessary  

t o  ach ieve  optimum y i e l d s  o the rwi se  t h e  t r u e  p o t e n t i a l  w i l l  n o t  

be  r e a l i s e d .  No chemical c o n t r o l  is  used a t  p r e s e n t  and an inc rease  

i n  p e s t s  and d i s e a s e s  should be  c o n t r o l l e d  by improvements i n  cu l -  

t u r a l  methods, seeds  and c rop  hygiene and jud ic ious  use  of  p e s t -  

i c i d e s .  The p o t e n t i a l  dangers  of  chemical c o n t r o l  should be 

expla ined  t o  t h e  farmers ,  e s p e c i a l l y  concerning seed  d r e s s i n g s ,  

and they should only  be in t roduced  a s  requred. The c o n t r o l  of  

weeds by t h e  i n t roduc t ion  of  expensive he rv i c ides  i n t o  a community 

no t  accustomed t o  chemical methods of  c o n t r o l  could be  p o t e n t i a l l y  

dangerous due t o  misuse and sp ray  d r i f t  caused by t h e  a lmost  

p e r p e t u a l  windy condi t ions .  The b e n e f i t s  of  c rop  r o t a t i o n  f o r  

i nc reas ing  y i e l d s ,  reducing weeds, p e s t s  and d i s e a s e s  and i n  main- 

t a i n i n g  s o i l  f e r t i l i t y  a r e  g e n e r a l l y  recognised b u t  should be 

f u r t h e r  s t r e s s e d  a s  c rop  produc t ion  inc reases  and more land  is 

brought under c u l t i v a t i o n .  

Mechanisation 

The i n t r o d u c t i o n  of t r a c t o r s  and equipment t o  t h e  a r e a  over  t h e  

l a s t  decade has  almost  completely rep laced  t h e  camel ploughs 



t r a d i t i o n a l l y  used. C a m e l  ploughs a r e  however s t i l l  used on se i l  

i r r i g a t e d  land  mainly f o r  sorghum product ion.  Farmers o r  contrac-  

t o r s  own t h e  equipment and it gene ra l ly  c o n s i s t s  o f :  

1) Trac to r  - Massey Ferguson 165 

2 )  3 furrow d i s c  ploughs - Massey Ferguson 765, 25 inch d i s c  

3 )  C u l t i v a t o r  - Massey Ferguson - n ine  types  i n  two rows g iv ing  

width o f  s i x  f e e t  

4 )  Grader - Massey Ferguson - s i x  f e e t  wide. 

Land p repa ra t ion  and c u l t i v a t i o n  is  f u l l y  mechanised bu improve- 

ments can be achieved i n  p l a n t i n g  and ha rves t ing  both o f  which 

a r e  s t i l l  by hand. A simple seeder  a t t ached  t o  t h e  tyne  c u l t i v a -  

t o r  o r  t r a c t o r  drawn d r i l l  w i l l  speed up t h e  p l a n t i n g  ope ra t ions  

ans a s s i s t  i n  e s t a b l i s h i n g  w e l l  spaced optimum p l a n t  s t a n d s  of 

crops i n  rows. The rows al low e a s i e r  weeding and t h e  more even 

p l a n t  s t ands  and crop r ipen ing ,  enable  ha rves t ing  t o  be c a r r i e d  

o u t  by combine. Harvesting by combine, e s p e c i a l l y  of  wheat, 

w i l l  reduce t h e  labour requirement and make labour a v a i l a b l e  f o r  

o t h e r  work. Farmers a r e  accustomed t o  paying c o n t r a c o t r s  f o r  t h e  

h i r e  of machines and combines and, i f  a v a i l a b l e ,  they  w i l l  be 

much i n  demand. Some a l t e r a t i o n  i n  farm layout  w i l l  be necessary 

f o r  combining. The width of t h e  i r r i g a t i o n  p l o t s  when made should 

be a m u l t i p l e  of t he  combine c u t t e r  b lade  width and t h e  l eng th  

should be a s  long a s  p o s s i b l e  bu t  c o n s i s t e n t  with  good i r r i g a t i o n  

p r a c t i c e s .  The c ross  bunds should be gen t ly  s lop ing  and no h igher  

than  r equ i red  t o  r e t a i n  i r r i g a t i o n  water .  I n i t i a l l y  t h e  bunding 

ope ra t ions  w i l l  need t o  be organized s o  t h a t  t h e  i r r i g a t i o n  s t r i p s  

a r e  l a r g e r  and more r egu la r  and t h a t  t h e  major bunds fol low t h e  

contour.  The present  system of  bunding is  haphazard g iv ing  

i r r e g u l a r  i r r i g a t i o n  bas ins  wi th  d i f f e r e n t  shapes and s i z e s .  The 

r a t e  of combining w i l l  be slow because of t h e  bunds and smal l  

a r e a s ,  bu t  one combine wi th  a reasonalbe d r i v e r  should be a b l e  

t o  ha rves t  a t  l e a s t  100 ha. 

There i s  some i n d i c a t i o n  t h a t  t h e  p resen t  method of ploughing 

us ing  25 inch d i s c s  is causing s o i l  e ros ion .  The s o i l s  of Wadi 



~bida, with their very high content of silt and very fine sand, 

once broken up and exposed to the wind, are very easily eroded. 

Disc ploughing is only practised for wheat cultivation and trials 

should be conducted using a tyme cultivator instead of the disc 

plough. It may be necessary to use a chisel plough every few years 

in conjunction with the tyme harrow to break up the sub-soil. 

7.4 LIVESTOCK PRODUCTION 

The new road, currently under construction, from Sana'a to Ma'rib 

will reduce the present isolation of the area. It may also initiate 

a number of changes of which some will be of benefit to livestock 

and others detrimental. 

In the long term better access will no doubt improve the chances 

of establishing beneficial infrastructure, such as extension and 

animal health services. It will also open a new market outlet 

for all agricultural procude including livestock. There is little 

doubt that the high price of firewoood in Sana'a will encourage 

tree and shrub destruction, which will have serious effects on the 

natural browse situaion and aggravate the already present problem 

of erosion and dune encroachment. New settlers will be attracted 

to the area and inevitably will bring in animals and therefore 

threats of more disease. Unless carefully supervised such add- 

ition livestock may upset the existing fine balance between stock 

and feed resources. 

It has already been stated that there is opportunity for making 

significant and rapid improvements in the cropping sector through 

increasing yield levels, increasing crop intensity and expansion 

of cultivated area. Progress in livestock production would be 

in pace with the crop development and would largely depend on 

the introduction and expansion of extension and health services 

to ensure that the greater availability of animal feed was more 

efficiently used. 

There seems to be little potential for any large scale livestock 

enterprises in view of ineffective rainfall and the need to use 

groundwater for continuous production of fodder. 



The p r e s e n t  mix o f  an imals  i s  i d e a l l y  s u i t e d  f o r  t h e  f u t u r e .  Camels 

should  c o n t i n u e  t o  e x p l o i t  t h e i r  s p e c i f i c  browse w i th  t h e  o b j e c t  o f  

producing mi lk  and s a l e  s t o c k .  Goats  shou ld  c o n t i n u e  a s  t h e  major  

mi lk  p roducer  and th rough  breed and management improvement t a k e  

over  mi lk  c u r r e n t l y  supp l i ed  by sheep;  l e v e l s  o f  mi lk  p r o d u c t i o n  

cou ld  be  r a i s e d  s u f f i c i e n t l y  t o  a l l o w  f o r  an o v e r a l l  r e d u c t i o n  i n  

g o a t  numbers. Sheep development shou ld  be concen t r a t ed  on improved 

meat p r o d u c t i o n  w i th  some a t t e n t i o n  t o  be t ter  q u a l i t y  wool; t h e  

numbers r e t a i n e d  cou ld  be i n c r e a s e d  c o n s i d e r a b l y  i f  t h e  g o a t  popula-  

t i o n  w e r e  t o  d e c l i n e .  C a t t l e  shou ld  n o t  be r e in t roduced  i n t o  t h e  

a r e a .  

A nuc l eus  p o u l t r y  i n d u s t r y  i s  c u r r e n t l y  be ing  developed i n  Yemen 

c e n t r e d  on Sana ' a .  I n  t h e  s h o r t  t e r m  t h e r e  may be an o p p o r t u n i t y  

t o  e s t a b l i s h  a  sma l l  commercial u n i t  i n t h e p r o j e c t  a r e a  t o  r e ~ l a c e  

t h e  p r e s e n t  s u p p l i e s  of  imported eggs .  Under more p r o p i t i o u s  con- 

d i t i o n s  it might  have been p o s s i b l e  t o  have  c a r r i e d  o u t  a  more 

d e t a i l e d  i n v e s t i g a t i o n  i n t o  t h i s  s e c t o r  b u t  a  demand f o r  eggs  does  

e x i s t  and l o c a l  g r a i n  i s  a v a i l a b l e  f o r  b a s i c  r a t i o n s .  

Dune encroachment is a  s low b u t  p r o g r e s s i v e  danger  t o  t h e  p r o j e c t  

a r e a .  E f f e c t i v e  measures must i n c l u d e  t h e  e x c l u s i o n  of  l i v e s t o c k  

from a r e a s  where r e t a i n i n g  v e g e t a t i o n  a l r e a d y  e x i s t s  and where 

new f i x i n g  v e g e t a t i o n  and windbreakers  a r e  t o  be p l an t ed .  Under 

p r e s e n t  c o n d i t i o n s  t h i s  would be hard  t o  e n f o r c e  u n l e s s  t h e  p e o p l e  

a r e  persuaded t o  co-opera te  f o r  t h e i r  own b e n e f i t .  T h i s  p e r s u a s i o n  

might r e q u i r e  t h e  p r o v i s i o n  of a n  a l t e r n a t i v e  fodde r  sou rce  which 

cou ld  o n l y  be p rov ided  through i r r i g a t e d  fodde r  e i t h e r  f o r  c u t t i n g  

o r  g r az ing .  I t  i s  stressed t h a t  t h e  i n t r o d u c t i o n  of  medium o r  

l a r g e  s c a l e  i r r i g a t e d  fodde r  p roduc t i on  cou ld  n o t  be j u s t i f i e d  on 

t h e  grounds o f  a  l i v e s t o c k  p r o j e c t  a l o n e ,  t h e  s o c i a l  n e c e s s i t y  

a s s o c i a t e d  w i th  dune f i x a t i o n  would be e s s e n t i a l .  



7.5  TREE BELTS AND SAND DUNE STABILISATION 

7.5 .1  Tree B e l t s  

The p l a n t i n g  o f  t ree bel ts  a s  s o u r c e s  of t i m b e r  o r  a s  windbreakers  

shou ld  be  c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  t h e  sand dune s t a b i l i s a -  

t i o n  programme s i n c e  t h e y  a r e  complimentary and r e q u i r e d  i n  t h e  

same a r e a s .  The a r e a s  where trees a r e  t o  b e  e s t a b l i s h e d  f o r  wind- 

b r e a k  purposes  would need t o  be  s u b j e c t e d  t o  t h e  same s t r ic t  con- 

t r o l s  a s  t h e  dune  s t a b i l i s a t i o n  programme r e g a r d i n g  c u t t i n g ,  p o l l a r -  

d i n g ,  browsing,  g r a z i n g  and p r o t e c t i o n .  

Timber i s  n o t  p l e n t i f u l  and t h e  a v a i l a b l e  s u p p l y  is  o f  poor q u a l i t y  

b e i n g  brought  down a n n u a l l y  by t h e  seils o r  lopped from t h e  few 

e x i s t i n g  trees i n  t h e  a r e a .  The p l a n t i n g  o f  trees would s e r v e  

t h r e e  purposes  ( a )  windbreaks ,  ( b )  t i m b e r  f o r  b u i l d i n g ,  and (c)  

f  irewood. 

( a )  Windbreaks: These  c a n  b e  e i t h e r  trees (Tamarix spp,  E u c a l y p t u s  

SJJ) i n  n o n - c u l t i v a t e d  a r e a s  and on t h e  edges  of t h e  farms o r  

u s e f u l  bushes  (Ca janus  c a j a n )  and t a l l  g r a s s e s  (Saccharum and 

Pennisetum spp)  w i t h i n  t h e  boundar ies  of t h e  farm. The u s e  of 

q u i c k  growing trees a s  windbreaks p r o v i d e s  a n  e x c e l l e n t  oppor- 

t u n i t y  f o r  i n t e g r a t i o n  o f  wood p r o d u c t i o n  and a g r i c u l t u r e .  

The e f f e c t  o f  a  w e l l  e s t a b l i s h e d  windbreaks  is t o  reduce  wind 

v e l o c i t y  by a b o u t  50% over  an a r e a  two t o  t h r e e  t i m e s  t h e  

h e i g h t  on t h e  leeward s i d e .  A windbreak shou ld  c o n s i s t  of o n e  

t o  t h r e e  rows of  t a l l  trees, 5  m a p a r t  between t h e  rows and 

3 - 4 m w i t h i n  t h e  rows. S e v e r a l  rows o f  s h r u b s  should  b e  

p l a n t e d  on t h e  down wind s i d e  of t h e  trees. By a  r e d u c t i o n  

i n  wind v e l o c i t y  t h e  harmful  e f f e c t  of wind blown s o i l  p a r t i -  

cles on c r o p s  is  l e s s e n e d  and due  t o  reduced a i r  movement t h e  

e v a p o t r a n s p i r a t i o n  is c u t  down, w h i l s t  t h e  r e l a t i v e  humidi ty  

is i n c r e a s e d .  These e f f e c t s  r e s u l t  i n  an  improvement i n  c r o p  

q u a n t i t y  and q u a l i t y ,  which is  e s p e c i a l l y  i m p o r t a n t  f o r  vege- 

t a b l e s  and tree c r o p s .  Also ,  t h e  g e n e r a l  l i v i n g  c o n d i t i o n s  

f o r  t h e  i n h a b i t a n t s  a r e  improved. 



Timber f o r  bu i ld ings :  Bu i ld ing  t imber needs t o  be s t r a i g h t  

and of reasonable  s t r e n g t h  u n l i k e  wood used f o r  f i r e s .  

Timber from t h e  mature windbreak trees could be  used assum- 

ing  t h e  f e l l i n g  and r e p l a n t i n g  of such trees i s  c o n t r o l l e d .  

Firewood: From t h e  windbreak trees t h e r e  would be a c e r t a i n  

amount of t imber  wastage t h a t  could be used t o  supplement 

t h e  e x i s t i n g  firewood supply from l o c a l  v e g e t a t i o n  and t h e  

s e i l .  The p r e s s u r e  f o r  firewood is l i k e l y  t o  i n c r e a s e  a s  

t h e  a r e a  develops .  I n t r o d u c t i o n  of gas  cooking s t o v e s  would 

h e l p  t o  a l l e v i a t e  t h e  sho r t age ,  thereby  p r o t e c t i n g  l i v i n g  

t r e e s  from e x p l o i t a t i o n  and would a l s o  improve cooking con- 

d i t i o n s .  

Trees p lan ted  w i t h i n  farm boundar ies  should be mult i-purpose v a r i e -  

t i es  l i k e  Ziziphus  s p i n a - c h r i s t i  which i s  a source  of  t imber ,  

animal fodder ,  e d i b l e  f r u i t  and shade. The advantages  of p l a n t i n g  

more t r e e s  should be explained t o  t h e  farmer by t h e  ex tens ion  ser- 

v i c e  and encouragement given by t h e  prov is ion  of tree p l a n t i n g  

m a t e r i a l .  Acacia and Ziziphus  a r e  p lan ted  by d i r e c t  sowing o f  t h e  

seeds  whi le  Tamarix i s  p l an t ed  by unrooted c u t t i n g s  and Eucalyptus 

by nursery  grown s tock .  T r i a l s  concerning t h e  most s u i t a b l e  tree 

v a r i e t i e s  and methods of es tab l i shment  should b e  c a r r i e d  o u t  

through t h e  f i e l d  t r i a l -demons t r a t i on  farm b u t  t h e  v a r i e t y  t r i a l s  

should be conducted wi th  l o c a l l y  adapted t r e e s  a t  f i rst  r a t h e r  

t han  e x o t i c  v a r i e t i e s .  

Areas where t r e e  b e l t s  a r e  t o  be p lan ted  could be c o n t r o l l e d  on a 

community b a s i s  through agreement wi th  t h e  land owning Sheik.  

With t h e  i n t roduc t ion  of  a community water  supply it may be poss- 

i b l e  t o  persuade t h e  Sheik  t o  set a s i d e  land c l o s e  t o  t h e  community 

w e l l s  f o r  t h e  es tab l i shment  of tree b e l t s  and f o r  t h e  prov is ion  of  

subsequent p r o t e c t i o n .  

7 . 5 . 2  Sand Dune S t a b i l i s a t i o n  

There is r e l a t i v e l y  l i t t l e  sand dune movement i n  Wadi ~ b I d a ,  t h e  



main a r e a s  of dune movement be ing  n o r t h  of t h e  main wadi and , in  

p a r t i c u l a r ,  nea r  A 1  ~hebwan ,  A 1  Awash and t h e  pe r ime te r  of t h e  

p r o j e c t  a r ea .  The n a t u r a l  v e g e t a t i o n  on t h e s e  e l e v a t e d  sandy 

a r e a s  i s  dying o f f  through l ack  of wate r  which is  probably a 

r e s u l t  of  t h e  b igger  s e i l  bunds t h a t  a r e  being b u i l t  between 

H U S ~  a 1  ~ a l a l  and A 1  Shebwan. The removal of t h i s  cover  exposes 

t h e  sand t o  t h e  wind t h u s  caus ing  sand movement. During t h e  

summer months when t h e  wind i s  s t r o n q  t h e r e  i s  even a sma l l  - 
amount o f  s and / so i l  movement i n  a r e a s  where t h e r e  i s  reasonable  

n a t u r a l  vege t a t i on  cover.  The blown sand t h a t  accumulates i n  

t h e  wadis dur ing  t h e  d ry  windy pe r iod  of t h e  yea r  i s  swept away 

when t h e  s e i l  water  f lows down t h e  wadi, t hus  avoid ing  t h e  b u i l d  

up of sand dunes i n  t h e  wadi which, i f  l e f t  undis turbed ,  would 

e v e n t u a l l y  encroach i n t o  t h e  c u l t i v a t e d  a r e a s .  

The ba lance  between t h e  n a t u r a l  vege t a t i on  a s  a source  of  browse 

f o r  l i v e s t o c k  and t o t a l  l i v e s t o c k  numbers appears  a t  p r e s e n t  t o  

be i n  equi l ib r ium.  Th i s  means t h a t  t h e  consumption r a t e  of t h i s  

browse i s  approximately t h e  same a s  t h e  regrowth r a t e  of  t h e  

p l a n t s .  However an i n c r e a s e  i n  l i v e s t o c k  numbers wi thout  an 

adequate  i n c r e a s e  i n  a v a i l a b l e  fodder  sources  would upse t  t h e  

d e l i c a t e  balance and through t h e  increased  g raz ing  p r e s s u r e ,  a 

r a p i d  d e t e r i o r a t i o n  of  t h e  n a t u r a l  vege t a t i on  would occur .  Over 

t h e  l a s t  t e n  yea r s  through t h e  advent of mechanized c u l t i v a t i o n  

and t r a n s p o r t  coupled w i t h  t h e  high p r i c e s  f o r  ho r se s  and camels 

i n  Saudi Arabia t h e r e  has  been a d e c l i n e  i n  l i v e s t o c k  numbers. 

With p r e s e n t  high animal p r i c e s  and apparent  boom economy i n  Wadi 

~ b i d a  t h e r e  could be a r e v e r s a l  i n  t h i s  t r e n d  over  t h e  nex t  few 

y e a r s  l ead ing  t o  f u r t h e r  sand dune encroachment. 

Sand dunes c o n s i s t  mainly of medium t o  coa r se  sand which moves 

almost  e n t i r e l y  by s a l t a t i o n  and s u r f a c e  c reep  and s t a b i l i z a t i o n  

depends on reducing wind v e l o c i t y  a t  t h e  s u r f a c e  o r  e s t a b l i s h i n g  

a v e g e t a t i v e  cover. S u i t a b l e  p l a n t s  must be ones t h a t  a r e  w e l l  

anchored, a b l e  t o  hold sand,  ca t ch  t h e  wind borne load and keep 

a e r i a l  p a r t s  above t h e  accumulated sand. They must a l s o  be 

a b l e  t o  wi ths tand  abras ion .  



Before any v e g e t a t i o n  cover can be e s t a b l i s h e d  on dunes it i s  

impera t ive  t h a t  t h e  p a r t i c u l a r  a r e a  be p ro t ec t ed  from a l l  l i v e s t o c k  

browsing and t h a t  t h e r e  i s  no ~ o l l a r d i n g  o r  c u t t i n g  of  s c rub  bushes,  

o r  trees, o r  v e g e t a t i o n ,  t h a t  becomes s e l f  e s t a b l i s h e d .  

A programme f o r  sand dune s t a b i l i z a t i o n  needs t o  h e  e s t a b l i s h e d  

and should i n c l u d e  i n v e s t i g a t i o n s  i n t o :  

( a )  Area i d e n t i f i c a t i o n :  

The l o c a t i o n  and e x t e n t  of a r e a s  r e q u i r i n g  sand dune 

s t a b i l i z a t i o n  should be i d e n t i f i e d  and a l i s t  of p r i o r i t y  

a r e a s  drawn up. 

(b)  S e l e c t i o n  of  s u i t a b l e  spec i e s :  

T r i a l s  should be s e t  up t o  f i n d  t h e  most s u i t a b l e  s n e c i e s  of 

trees, bushes and g r a s s e s  and should s t a r t  w i th  a l r e a d y  

e s t a b l i s h e d  s p e c i e s  i n  t h e  a r ea .  Succes s fu l ly  e s t a b l i s h e d  

s p e c i e s  of t r e e s  which would be s u i t a b l e  a r e  Acacia,  Tamarix, 

Eucalyptus  and Ziziphus s p i n a - c h r i s t i .  Other s u i t a b l e  

p l a n t s  a r e  Salvadora  p e r s i c a ,  Calligonum commosum, Rhazia 

s t r i c t a  and Leptadaenia pyro technica  al though t h e  f i r s t  

two p l a n t s  a r e  a source  of  animal fodder  e s p e c i a l l y  f o r  camels. 

( c )  S e l e c t i o n  of  app rop r i a t e  p l a n t i n g  and p r o t e c t i o n  methods: 

Before sand dunes can be permanently s t a b i l i z e d ,  temporary 

s t a b i l i z a t i o n  by a r t i f i c i a l  means needs t o  be achieved f i r s t .  

Th i s  could b e  done by cover ing t h e  dune su r f ace  w i th  ~ l a n t  

r e s i d u e s ,  brushwood o r  mulching wi th  s p e c i a l  wetroleurn by- 

p roduc ts  and enc los ing  t h e  whole a r e a  wi th  barbed w i r e  fence.  

For p l a n t i n g  methods s e e  s e c t i o n  on T r e e  Be l t s .  The w a t e r  

requirement f o r  t h e  es tab l i shment  of t h e  p l a n t s  needs t o  be  

determined,  probably f i v e  o r  s i x  good water ings  f o r  t h e  f i r s t  

y e a r  would be s u f f i c i e n t .  A f t e r  es tab l i shment  t h e  wa te r ings  

could be reduced b u t  t h i s  would be  dependant on t h e  t r i a l  

r e s u l t s .  I n  t h e  ma jo r i t y  of t h e  a r e a s  a we l l  would need t o  

be cons t ruc t ed  t o  provide t h e  wate r  necessary f o r  i r r i g a t i o n  

of t h e  p l a n t s .  The number of w e l l s  would depend on t h e  a r e a  

t o  be i r r i g a t e d  and t h e  wa te r  requirements.  



(d) Local attitudes towards protection of the selected areas: 

The views of the local people would have to be assessed 

regarding the value they would attribute to such ~rotected 

areas and whether they are prepared to abide by the control 

regulations for protection and future browsing of the area. 

A community based system of control and protection would be 

most effective and acceptable and possible methods for 

setting up such control groups, may be through the Land 

Development Association, should be investigated. Selected 

areas would need to be in blocks within one sheikdom and 

control would have to be exercised by each sheikdom over 

its respective blocks. 

The establishment of an efficient extension service would reflect 

in the success of the sand dune stabilization programme. 



7.6 EXTENSION AND RESEARCH 

7.6.1 General  

A g r i c u l t u r a l  ex t ens ion  and r e sea rch  s e r v i c e s  a r e  t h e  respons- 

i b i l i t y  of  t h e  Min i s t ry  of A g r i c u l t u r e .  Nat iona l  coverage i s  

uneven and a t  p r e s e n t  confined t o  t h e  c e n t r a l  and sou th  h igh lands  

and t h e  Tihama c o a s t a l  b e l t .  The Min i s t ry  has  only  r e c e n t l y  been 

e s t a b l i s h e d  and a l though i t s  budget i nc reased  from R1.71 m i l l i o n  

i n  1973/4 t o  R 1 0 . 4  m i l l i o n  i n  1975/6 expansion of i t s  a c t i v i t i e s  

i s  l i m i t e d  by t h e  human r e sou rces  a v a i l a b l e .  

The Min i s t ry  employs a  t o t a l  of 4 2 0  people  (1975) of which on ly  

54 a r e  u n i v e r s i t y  g radua tes  and a  f u r t h e r  51 have secondary o r  

p o s t  secondary educat ion.  Farmer l e v e l  ex tens ion  o f f i c e r s  under 

p r e s e n t  p o l i c y  a r e  s e l e c t e d  from t h e  a r e a s  i n  which they  w i l l  

s e rve ,  f o r  a  n ine  month course  a t  Wadi Zabid i n  t h e  Tihama. They 

then r e t u r n  t o  t h e i r  a r e a s  and provide  t h e  e s s e n t i a l  l i n k  i n  t h e  

development p rocess .  

Government p o l i c y  i s  t o  expand such s e r v i c e s  t o  t h e  h ighe r  

p o t e n t i a l  a r e a s  f i r s t  and i n  l i n e ,  a s  f a r  a s  p o l i t i c a l l y  p o s s i b l e ,  

wi th  t h e  M i n i s t r y ' s  resources .  The r e l a t i v e l v  low p o t e n t i a l  

e a s t e r n  a r e a s  of Yemen ( t h e  Mishrag) have very low p r i o r i t g  f o r  

a t t e n t i o n  bo th  f o r  crop and f o r  l i v e s t o c k  husbandry. 

A g r i c u l t u r a l  r e s e a r c h  f o r  t h e  Republic i s  co-ordinated by t h e  

Cen t r a l  A g r i c u l t u r a l  Research Organisa t ion  a t  Taiz .  This  

o r g a n i s a t i o n ,  supported by t h e  Food and A g r i c u l t u r a l  Organisa t ion  

of t h e  United Nat ions ,  has a l r eady  undertaken va luab le  work i n  

s e v e r a l  p a r t s  of t h e  country.  

7.6.2 The P r o j e c t  Area 

The Wadi ~ b i d a  i n  common with  t h e  r e s t  of t h e  Mishraq r e c e i v e s  

no ex tens ion  o r  r e sea rch  se rv i ces .  The proposed developments w i l l  

be dependent upon an e f f e c t i v e  ex t ens ion  programme supported by 

f i e l d  t r i a l  experiments t o  s e l e c t  s u i t a b l e  c rop  v a r i e t i e s  and new 

crops.  



There i s  good j u s t i f i c a t i o n  f o r  extending t h e  Minis t ry  of 

A g r i c u l t u r e ' s  coverage t o  t h e  p r o j e c t  a r e a  immediately i n  

c o n t r a s t  t o  t h e  ve ry  low p r i o r i t y  g iven  a t  p r e sen t :  

The Wadi ~ b r d a  has a  popula t ion  of about 13 000 l a r g e l y  

dependent upon i r r i g a t e d  c rop  husbandry. The popula t ion  

i s  i n  a  compact a r e a  wi th  easy i n t e r n a l  phys i ca l  acces s  f o r  

s t a f f .  

Investment i n  developing a g r i c u l t u r e  i n  t h e  a r e a ,  p a r t i c u l a r l y  

wate r  e x t r a c t i o n  and f i e l d  c u l t i v a t i o n s ,  i s  s u b s t a n t i a l .  

It c l e a r l y  i l l u s t r a t e s  fa rmers '  i n t e r e s t  i n  improving 

product ion.  Crop y i e l d s  a r e  however o f t e n  no t  h igh enough 

t o  j u s t i f y  t h e  investment l e v e l s  though they could be  made 

s o  i f  husbandry was improved. 

The Yemen i s  a  n e t  importer  of b a s i c  foods tu f f s .  The t x o j e c t  

a r e a  i s  renowned f o r  producing good q u a l i t y  wheat a s  w e l l  a s  

sorghum, sesame and o t h e r  crops .  Inc reas ing  t h e  t o t a l  

ou tpu t  of  t h e s e  crops  and expanding i n t o  vege tab le  p roduc t ion  

w i l l  h e lp  t o  reduce t h e  t r a d e  d e f i c i t .  The completion of  

t h e  new Ma'rib - Sana'a road w i l l  open up t h e  urban markets  

of  Sana 'a  and Taiz  making c rop  d i v e r s i f i c a t i o n  p r a c t i c a l .  

The p r e s e n t  t r a d e  i n  wheat from t h e  a r e a  t o  Saudi Arab ia  can 

a l s o  be expected t o  be d i v e r t e d  t o  t h e  home market. 

The proposa ls  i n  t h i s  r e p o r t  show t h a t  t h e r e  i s  p o t e n t i a l  t o  

i n c r e a s e  t h e  a r e a ' s  ou tpu t .  For s o c i a l  reasons  t h i s  ou tpu t  

can only  be achieved by i n c r e a s i n g  t h e  p r o d u c t i v i t y  of t h e  

p re sen t  r e s i d e n t  populat ion r a t h e r  than by any r a p i d  

expansion of  t h e  a r a b l e  a r e a  o r  i n t roduc t ion  of new sett lers.  

Th i s  r e q u i r e s  access  t o  ex t ens ion  s t a f f  f o r  t h e  p rov i s ion  

of adv ice  on improved husbandry techniques .  

The a r e a ' s  p r e sen t  l i v e s t o c k  popula t ion  i s  i n  a  d e l i c a t e  

ba lance  wi th  t h e  resources  a v a i l a b l e .  Education and 

p r a c t i c a l  adv ice  a r e  needed t o  ensure  t h a t  t h i s  ba lance  i s  

mainta ined a s  t h e  human popula t ion  and farmed a r e a  grows. 



( f )  P r a c t i c a l  a s s i s t a n c e  t o  t h e  ~ e o p l e  of  t h e  Wadi ~ b I d a ,  i f  

undertaken wi thou t  i n i t i a l  h a s t e  should extend Government's 

o v e r a l l  i n f l u e n c e  i n  t h e  region.  The community's l o y a l t i e s  

t o  t h e  Republic and p a r t i c i p a t i o n  i n  i t s  a f f a i r s  would be 

extended. The a r e a  i s  of importance i n  t h e  Mishrag and 

and developments w i t h i n  it can be expected t o  have a 

s t a b i l i s i n g  i n f l u e n c e  on t h e  reg ion  a s  a whole .  

(g )  Establ ishment  of t h e  Minis t ry  i n  t h e  Mishrag a t  t h e  

Governorate C a p i t a l  i n  t h e  p r o j e c t  a r e a  w i l l  provide a good 

b a s i s  f o r  t h e  ex t ens ion  of a c t i v i t i e s  t o  Harieb,  Jawbah and 

Wadi Jawf. 

7 . 6 . 3  P r o j e c t  Requirements 

To implement t h e  p roposa l s  mad-e i n  t h i s  r e p o r t  Government and 

o t h e r  agencies  w i l l  need t o  provide t h e  fo l lowing  se rv i ces :  

C r e d i t  f a c i l i t i e s  through t h e  Yemen A g r i c u l t u r a l  C r e d i t  Bank 

(See Chapter  9 )  . 

Basic c rop  and l i v e s t o c k  husbandry advice .  

Advice and co-ordinat ion on sand dune s t a b i l i s a t i o n  and tree 

p l an t ing .  

F i e l d  t r i a l s  on new crop v a r i e t i e s  and types  and exper imental  

work t o  a s s e s s  t h e  e f f e c t s  of "improved" husbandry p r a c t i c e s .  

Advice on human n u t r i t i o n  and home economics. This  a c t i v i t y  

w i l l  g i v e  t h e  p r o j e c t  a  chance t o  i n f l u e n c e  developments 

through t h e  women of t h e  a r e a .  

7 . 6 . 4  S t a f f  

The s t a f f  r equ i r ed  t o  provide t h e  ex t ens ion  and r e sea rch  s e r v i c e s  

would be: 



1 X l o c a l  g r a d u a t e  a g r i c u l t u r a l  o f f i c e r ,  t o  t a k e  charge  o f  t h e  

M i n i s t r y ' s  work i n  t h e  p r o j e c t  a r e a .  The o f f i c e r  would be  

r e s p o n s i b l e  f o r  t h e  fo rmula t ion  and implementat ion of t h e  

ex t ens ion  programme a s  w e l l  a s  f o r  t h e  o p e r a t i o n  o f  t h e  proposed 

exper imenta l  - demons t ra t ion  farm. Th i s  o f f i c e r  w i l l  most l i k e l y  

be  a  young g radua t e  w i t h  l i t t l e  f i e l d  expe r i ence  i n  view of  t h e  

s c a r c i t y  of pe r sonne l  w i t h  t h i s  l e v e l  of educa t i on .  H e  should  

t h e r e f o r e  be  a b l e  t o  r e l y  upon suppor t  from M i n i s t r y  headqua r t e r s  

p a r t i c u l a r l y  i n  t h e  fo rmu la t i on  of t h e  e x t e n s i o n  programme. 

1 X e x p a t r i a t e  g r adua t e  a g r i c u l t u r a l  o f f i c e r  t o  Qrov ide  s u ~ p o r t  

f o r  t h e  o f f i c e r - i n - cha rge  and t o  have s p e c i a l  r e s ~ o n s i b i l i t y  f o r  

f i e l d  t r i a l s .  T h i s  o f f i c e r  should have p r ev ious  expe r i ence  i n  

i r r i g a t e d  a g r i c u l t u r e  i n c l u d i n g  p r a c t i c a l  ex t ens ion  work o r  agron- 

omic r e sea rch  o r  i n  bo th  of t h e s e  f i e l d s .  

1 X diploma l e v e l  a g r i c u l t u r a l  o f f i c e r  t o  s u p p o r t  t h e  o f f i c e r - i n -  

charge  p a r t i c u l a r l y  i n  t h e  g roup ' s  e x t e n s i o n  a c t i v i t i e s .  

1 X female g r adua t e  o r  diploma l e v e l  home economist  f o r  work 

s p e c i f i c a l l y  w i t h  women i n  t h e  f i e l d s  of n u t r i t i o n ,  home economics 

and, 'where neces sa ry ,  a g r i c u l t u r e .  

11 X a g r i c u l t u r a l  demonstra tors .  These o f f i c e r s  t o  be  s e l e c t e d  

by t h e  people o f  t h e  a r e a  i n  which they  a r e  t o  work i n  con junc t i on  

w i t h  t h e  Min i s t ry  of  A g r i c u l t u r e  f o r  t r a i n i n g  a t  t h e  Wadi Zabid 

t r a i n i n g  c e n t r e .  The numbers t o  be  b u i l t  up over  two y e a r s ,  o r  

longer ,depending upon t h e  w i l l i n g n e s s  of  each  a r e a  t o  agree  t o  

t h e  i d e a  and select s u i t a b l e  cand ida t e s .  

Demonstrators t o  be  s e l e c t e d  a s  fol lows:  

Ma ' r ib  a 1  Ashraf 2 A r  Ramsah and A r  Rukzah 1 - 
~ u s u n  a 1  ~ a l a l  2 A 1  J i thwah and A 1  Hani 3 

~1 Masal 1 ~1 ~ a r d a  2 

S t a f f  should b e  of  " a l l  round" a b i l i t y  and a b l e  t o  p rov ide  

ex t ens ion  r e l a t i n g  t o  c rops ,  l i v e s t o c k  and r e sou rce  management. 



Work should be  con f ined ,  du r ing  t h e  f i r s t  y e a r s  e s p e c i a l l y ,  t o  

t h e  i n t r o d u c t i o n  of  improved c u l t u r a l  t e chn iques  and c rop  

v a r i e t i e s .  No a t t e m p t  should  be  made t o  cover  a s p e c t s  such a s  

t h e  r edes ign  of  farm l a y o u t s  which could  l e a d  t o  misunders tandings  

and d i s p u t e s .  Cons iderab le  p a t i e n c e  and an i n i t i a l  low-key 

approach w i l l  be  needed s i n c e  t h e  o f f i c e r s  w i l l  b e  Government 

pe rsonne l  and a s  such t h e i r  motives w i l l  b e  s u s p e c t  u n t i l  

s u f f i c i e n t  t r u s t  and goodwi l l  ha s  been b u i l t  UD. 

7.6.5 F i e l d  Tr ia l /Demonstra t ion Farm 

The ex t ens ion  s e r v i c e  would be  based upon a  10 - 15 h e c t a r e  f i e l d  

t r i a l / d e m o n s t r a t i o n  farm. The aims of  t h e  c e n t r e  t o  be: 

To provide  f o r  f i e l d  t r i a l s  of  new v a r i e t i e s  and c rops  and 

improved husbandry t echn iques  b e f o r e  i n t r o d u c t i o n  i n t o  t h e  

a r e a ' s  farming systems.  

To provide  a  s m a l l  demonstra t ion a r e a .  

To provide  a  p h y s i c a l  ba se  i nc lud ing  o f f i c e s  and houses f o r  

ex t ens ion  s t a f f ,  a n d a  seminarroom f o r  t e a c h i n g a n d d i s c u s s i o n s .  

Demonstration work should  p r i n c i p a l l y  be  c a r r i e d  o u t  on i n d i v i d u a l  

f a rmer ' s  lands  and n o t  s o l e l y  upon t h e  Government farm. 

There i s  no Government o r  Waqf land i n  t h e  p r o j e c t  a r e a .  It  

could  be  ob ta ined  by d i r e c t  Government purchase ,  by l e a s i n g  a  

s u i t a b l e  a r e a  from an i n d i v i d u a l  o r  by l e a s i n g  from t h e  Local  

Development Assoc i a t i on  a f t e r  it had purchased l and  from an 

i n d i v i d u a l .  The l a t t e r  method might be p r e f e r r e d  i n  t h a t  it would 

h e l p  t o  e s t a b l i s h  t h e  c e n t r e  a s  a  community s e r v i c e  i n  t h e  minds 

o f  t h e  popula t ion .  However t h e  l and  i s  ob t a ined ,  it i s  e s s e n t i a l  

t h a t  t h e  Sheik and people  of t h e  a r e a  i n  which it is  s i t u a t e d  

agree  t o  i t s  use  and g i v e  f i r m  assurances  t h a t  it  w i l l  b e  

t r e a t e d  a s  a n e u t r a l  a r e a  and t h a t  people from a l l  o t h e r  a r e a s  

w i l l  b e  g iven f r e e ,  unhindered acces s  t o  it. 



The i n t r o d u c t i o n  of  new p l a n t i n g  m a t e r i a l  should  fo l l ow  t h e  quaran- 

t i n e  recommendations of Government s p e c i a l i s t s  i n  P l a n t  Pathology 

and P e s t  Con t ro l .  Eva lua t ion  t r i a l s  should  l e a d  t o  demonstra t ion/  

source  m a t e r i a l  p l o t s  f o r  t h e  s u c c e s s f u l  i n t r o d u c t i o n s .  These 

should i nc lude  t h e  f  allowing. 

( a )  I n t r o d u c t i o n  of new v a r i e t i e s  o f  p r e s e n t  a r a b l e  c rops .  Some 

very  good work on improved v a r i e t i e s  ha s  been c a r r i e d  o u t  a t  

Ta iz  and a t  t h e  Wadi Zabid Research Cen t r e  and it i s  probable  

t h a t  some o f  t h e s e  improved v a r i e t i e s  can be d i s t r i b u t e d  t o  

t h e  fa rmers  a f t e r  on ly  s h o r t  eva lua t ion .  

(b) I n t r o d u c t i o n  of improved c i t r u s  and g rape  roo t s tocks .  

(c )  I n t r o d u c t i o n  of  new c r o p s  - i n i t i a l l y  l i m i t e d  t o  beans,  

groundnuts,  v e g e t a b l e s ,  c i t r u s  and a p r i c o t s .  

( d )  Seed s e l e c t i o n ,  s t o r a g e  and d r e s s i n g .  

Improvements i n  animal husbandry should be  an ex t ens ion  e x e r c i s e  

on ly ,  adap t ing  and making u s e  of r e s e a r c h  r e s u l t s  f o r  elsewhere.  

I n t r o d u c t i o n  of animal h e a l t h  s e r v i c e s  cou ld  l a t e r  bu t  on ly  i n  

l i n e  wi th  s u i t a b l e  a t t i t u d e s  towards and f a c i l i t i e s  f o r  marketing.  

7 .6 .6  F i e l d  T r i a l s  

The f i e l d  t r i a l s  and demonstra t ion p l o t s  must be planned and managed 

a t  t h e  h i g h e s t  s t a n d a r d s  t o  be of any s c i e n t i f i c  v a l u e  and t o  be  

convincing a s  demons t ra t ions  t o  l o c a l  fa rmers .  A l l  experiments must 

be  p rope r ly  des igned and s y s t e m a t i c a l l y  recorded s o  t h a t  t h e  r e s u l t s  

can be s t a t i s t i c a l l y  analysed.  T r i a l s  wi th  f i e l d  c rops  should 

r e c e i v e  b a s a l  management a t  t h e  a n t i c i p a t e d  optimum l e v e l ,  i n c l u d i n g  

thorough c o n t r o l  of p e s t s ,  d i s e a s e s  and weeds and t h e  use  of  f e r t i -  

l isers,  i n  o r d e r  t h a t  each experiment tests  t h e  v a r i a b l e  i n  

q u e s t i o n  and i s  n o t  l i m i t e d  by an  uncon t ro l l ed  c o n s t r a i n t .  Maximum 

u s e  should be made of r e s u l t s  of exper imenta l  work i n  o t h e r  a r e a s  

w i t h  s i m i l a r  c o n d i t i o n s .  



Crop exper iments  should be  des igned ,  d i r e c t e d  and ana lysed  by 

s t a f f  of t h e  Min is t ry  of A g r i c u l t u r e ' s  Research Cen t r e  a t  Ta iz .  

The agronomist  based a t  t h e  F i e l d  Tr ia l /Deomonstra t ion Farm would 

be  r e s p o n s i b l e  f o r  day-to-day s u p e r v i s i o n  of  t h e  t r i a l s  and t h e  

r eco rd ing  of  d a t a .  The i n i t i a l  r e s e a r c h  programme should  n o t  be 

over-ambit ious.  

Experimental  programme should e v e n t u a l l y  cover  t h e  fo l lowing:  

( a )  C u l t u r a l  t echn iques  t o  i n c r e a s e  c r o p  y i e l d s  and reduce s o i l  

e r o s i o n  and labour  requ i rements  - p l a n t  d e n s i t y  and spacing;  

p l a n t i n g  d a t e s ;  weed c o n t r o l ;  c rop  r o t a t i o n s ;  mechanisat ion 

of p l an t ing , ,  h a r v e s t i n g  and t h r e s h i n g ;  f e r t i l i s e r  usage.  

( b )  I r r i g a t i o n  l a y o u t  and methods - i r r i g a t i o n  f requency,  t iming  

and a p p l i c a t i o n  r a t e ;  t h e  p o s s i b i l i t y  o f  furrow i r r i g a t i o n  

f o r  some c rops .  

(c)  Methods o f  s t a b i l i s a t i o n  of  sand dunes - l e a d i n g  t o  a conser-  

v a t i o n  programme. 



CHAPTER 8 

IRRIGATION WATER REQUIREMENTS 

8.1 GENERAL 

The water requirements of a crop can be determined from meteorolo- 

gical data in conjunction with various factors or CO-efficients. 

There are many methods using climatic data the principal ones 

being those of Penman, Blaney Criddle, Thornwaite and Lowry 

Johnson. Penman's method, based on open water evaporation (Eo), 

is used in this report as factors like wind speed, air temperature, 

relative humidity solar radiation and sunshine hours are taken 

into account in the calculations and it has been successfully used 

in Wadi Ea-jran which is 270 km northwest of the project area and 

in a similar location and altitude (see Chapter 2). Climatic 

observations and records were collected in Wadi Najran between 

1968 and 1974 and in view of the similarity between the two loca- 

tions and the non-existence of any form of weather data in Wadi 

~b?da the Penman monthly open water evaporation estimates from 

Wadi Najran have been used to calculate the crop water requirements. 

8.2 POTENTIAL EVAPOTRANSPIRATION 

Potential evapotranspiration (Et) refers to the water used for 

growth processes by crops grown under ideal conditions where 

available moisture, crop cover and leaf area are not limiting and 

also to the water evaporated from adjoining soil surfaces. In 

these conditions Et is related to open water evaporation (Eo) by 

a specific crop factor which varies according to crop growth stage, 

height, roughness and albedo. 

At present the cropped areas tend to be isolated fields or blocks 

of fields. The hot dry air blowing in from the Empty Quarter over 

these irrigated areas will cause the actual evapotranspiration to 

be somewhat higher than Et estimates, especially on the field 

boundaries facing the prevailing wind. With the establishment of 

larger cropped areas and adequate windbreaks this edge effect will 

be reduced or eliminated. 



The crop factors (f) used (Table 8.1) were obtained from exper- 

ience in Pakistan, Nigeria, Australia and Ethiopia and adapted 

to local conditions. 

8.3 ACTUAL EVAPOTRANSPIRATION 

Actual evapotranspiration (Ea) refers to field conditions where 

the available soil moisture varies from a maximum immediately 

after irrigation or rainfall to a lower value prior to the next 

rain or irrigation. Potential evapotranspiration represents the 

potential demand for water by the crop and if this exceeds the 

potential transmission rate, the plant must either reduce the 

transpiration rate or become temporarily wilted. In either case 

the water used by the plant is reduced to below the potential 

evapotranspiration rate, the reduction increasing as the open 

water evaporation values increase. Therefore, by the introduction 

of a soil moisture factor (P) the variations in the rate of 

water uptake by the plant caused by the high evaporation rates 

are taken into account in calculating the water requirements. 

The report uses the soil moisture factors proposed by Fleming (1) 

which approximate to the Ea/Et curves of Denmead and Shaw (2) 

(Table 8.2). 

(1) Fleming, P.M. 'A water budgeting method to predict plant 
response and irrigation requirements for widely varying 
evaporation conditions'. V1 Congress of Agricultural 
Engineering, Lausanne, Switzerland. 1963. 

(2) Denmead, O.T. and Shaw, R.H. 'Availability of soil water 
as affected by soil moisture content and meteorological 
conditions'. Journal of Agronomy, - 54, 385-390. 1962. 



TABLE 8 .1  

Adouted monthly crop f a c t o r s  
( f )  

Summer Winter Wheat Sesame Sorghum Maize Beans Groundnuts vegetables vegetables Barley Lucerne Grapes C i t r u s  

January 

February 

March 

A p r i l  

May 
June 

J u l y  

August 

September 
0 
0 October 

I 

November 

December 

Source: HTS e s t i m a t e s .  

Note: A s  lucerne  i s  c u t  once p e r  month t h e  growth s t a g e s  go from 0 t o  100% p e r  month wi th  c rop  f a c t o r s  
ranging  from 0.45 t o  1.20, g iv ing  an average crop f a c t o r  of 0.95. 



TABLE 8.2 

S o i l  mo i s tu r e  f a c t o r s  

Ava i l ab l e  
s o i l  F a c t o r  P  f o r  each range of Eo i n  mrn/month 

misture 
p e r  c e n t  

Thus E t  = Eo . f  

Ea = E t  . P  

E a = E o .  f  . P  

where Eo i s  open w a t e r  evapo ra t i on ,  E t  i s  p o t e n t i a l  evawotranspir -  

a t i o n ,  Ea i s  a c t u a l  e v a p o t r a n s p i r a t i o n ,  f  i s X P c r o p  f a c t o r  and P 

i s  a  s o i l  mo i s tu r e  f a c t o r .  

The e s t ima ted  monthly a c t u a l  e v a p o t r a n s p i r a t i o n  t o t a l s  f o r  a l l  

c rops  a r e  g iven  i n  Tab le  8.3 and i n d i v i d u a l  c rop  c a l c u l a t i o n s  

i n c l u d i n g  p r e - i r r i g a t i o n  amounts a r e  g iven i n  Tab l e s  8.4 t o  8.14. 

8.4 CROP COVER 

The c rop  cover  r e f e r s  t o  t h e  t e a l  pe rcen tage  of  any one croD 

growing i n  t h e  p r o j e c t  a r e a  i n  a  p a r t i c u l a r  month. The ~ l a n t i n g  

of  a  c rop  i s  n o t  l i m i t e d  t o  a  few days b u t  i s  u s u a l l y  s ~ r e a d  over  

one month a s  i s  t h e  h a r v e s t i n g .  Most of  t h e  c rops  have a  f i xed  

growth c y c l e  dependent  on c r o p  v a r i e t y ,  s o i l  f e r t i l i t y  and 

a v a i l a b l e  mois tu re .  For vege t ab l e  and fodder  c rops  a  s t agge red  

p roduc t ion  i s  d e s i r a b l e .  



TABLE 8.3 
Es t imated  monthly a c t u a l  e v a p o t r a n s p i r a t i o n  

3 m / h e c t a r e  

Month Wheat Sesame Sorghum Maize Groundnut Beans Vege tab les  
Bar ley  Summer Winter  Lucerne Grapes C i t r u s  

J anua ry  1 470 

February  8 4 0  

March 

A p r i l  

May 

J u n e  

J u l y  

August 

September 

October  6 30 

November 1 200 

December 1 460 

T o t a l  f o r  
growing 5 600 6 280 7 0 0 0  7 430 6 940 7 730 8 040 5 310 21  050 11 970 15  940 
Season 

Source:  HTS e s t i m a t e s .  



. ! 

TABLE 8.4 

Estimated net monthly water reeuirement for wheat and barley 

Wheat 4% month crop grown over 5 months. Effective rooting depth 80 cm. 

Barley Available soil moisture 25% volume. Total soil moisture available to crop 200 mm. 

Month Sent. Oct. Nov. Dec. Jan. Feb. Total 

Evaporation Penman Eo (mm) 

Crop cover ( % )  

Crop factor (f) 

Soil moisture factor (P) 
I 

Actual evaportranspiration (Ea) 
W 
I Soil moisture storage, pre-irrigation (mm) 100 

Soil moisture deficit (mm) 

Net water requirement (mm) 1.00 

Source: HTS estimates. 
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TABLE 8.6 

Estimated net monthly water requirement for maize 

Maize 3 %  month crop grown over 5 months. Effective rooting de~th 80  cm. 

Available soil moisture 25% volume. Total soil moisture available to crop 200 mm. 

Month Feb. Mar. .Apr. Y ~ Y  June July Total 

Evaporation Penman Eo (mm) 217 

Crop cover ( % )  50 

I 
Crop factor ( £ 1  0.45 

Soilmoisture factor (P) 0 0.80 
UI 
I Actual evapotranspiration (Ea) 39 

Soil moisture storage, pre-irrigation (mm) 100 50 

Soil moisture deficit (mm) - 
Net water requirement (mm) 100 89 

Source: HTS estimates 



TABLE 8.7 

Estimated net monthlv water reauirement for sorghum 

Sorghum 3% month crop grown over 5 months. Effective rooting depth 80 cm. 

Available soil moisture 25% volume. Total soil moisture available to crop 200 fnm. 

Month Apr. May June July Aug. Total 

Evaporation Penman Eo (mm) 2 40 

Crop cover ( % )  50 

Crop factor (f) 0.45 

Soil moisture factor (P) 0.80 

Actual evapotranspiration (Ea) 43 

Soil moisture storage, pre-irrigation (mm) 150 

Soil moisture deficit (mm) - 
Net water requirement (mm) 193 

Source: HTS estimates 





TABLE 8.9 

Beans 

Estimated net monthly water requirement for beans 

4 month crop grown over 5 months. Effective rooting depth 60 cm. 

Available soil moisture 25% volume. Total soil moisture available to crop 150 mm. 

Month Mar. Apr. May June Ju lv Au9 Total 

Evaporation Penman E0 (nun) 

Crop cover ( % )  

I Crop factor (f) r o Soil moisture factor (P) 
Q, 
I Actual evapotranspiration (Ea) - 

(1) Soil moisture storage , pre-irrigation (mm) 75 

Soil moisture deficit (mm) 

Net water requirement (mm) 75 

Source: HTS estimates 

(1) Note soil moisture storage is brouqht ur, to full capacity hy end April to reduce overall water demand 
in May. 



TABLE 8.10 
Estimated net monthlv water reauirement for summer veqetables 

Summer vegetables Average effective rooting depth 60 cm. 

Available soil moisture 25% volume. Total soil moisture available to cron 150 mm. 

Month Feb. Mar. Apr. May June July Aug. Sept. Total 

Evaporation Penman E0 (mm) 217 

I 
Crop cover ( % )  50 

Crop factor (f) 0.45 
W 
I Soil moisture factor (P) 0.80 

Actual evapotranspiration (Ea) 39 

Soil moisture storage, pre-irrigation (mm) 75 40 

Soil moisture deficit (1) (mm) - 
Net water requirement (mm) 75 79 

Source: HTS estimates 

Note: (1) Soil moisture deficit has been taken as 50% of total soil moisture available. 
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TABLE 8.12 

Est imated n e t  monthly wate r  requirement  f o r  l uce rne  

Month Jan.  Feb. Mar. Apr. May. June J u l y  Aug. Sep t .  Oct. Nov. Dec. T o t a l  

Evaporation 
Penman Eo (mm) 

, Crop cover ( % l  
r 
r Crop f a c t o r  ( f )  
r ' S o i l  mois ture  

f a c t o r  ( P )  

Actual  E v a ~ o -  
t r a n s p i r a t i o n  (Ea) 

Net wate r  
requirement  (mm) 

Source: HTS e s t i m a t e s  



P 
cn 
rl 

rl 

03 
m 

m 
W 

W 
CO 

W 
rl 
rl 

P 
m 
rl 

ot! 
P 
l-i 

W 
03 
d 

m 
W 
d 

W 
cn 

cn 
W 

m 
W 

0 
W 

h 

I 
V 

+' 
c : g 

+'a, 
I d &  
3 -g 
401 
a, a, 
Z 



CV 
m 
W 

CV 

rl m 
w ' w  
rl W 

0 

u' m 
u ' w  
r l .  

0 

z 
CV 

C 

W m 
u ' w  
d .  

0 

U' 
m 
m 
rl 

CV 
CO 

P 
m 

CO 
rl 
d 

m 
m 
d 

m 
W 
rl 

m 
CO 
d 

W 
CO 
d 

P 
W 
rl 

U' 
m 
rl 

M 
d 
d 

P 
m 

P 
CO 

I 
a, 
k 

a d  

? 
b- 
a, 
k 

h 

B a, 
c,' 
rd 

c, 
c, C 

2 



8.5 FIELD CAPACITY AND WILTING POINT 

F i e l d  c a p a c i t y  i s  t h e  maximum amount of  w a t e r  t h e  s o i l  can h o l d  

once t h e  g r a v i t a t i o n a l  w a t e r  h a s  d r a i n e d  away. Normally f i e l d  

c a p a c i t y  i s  determined one o r  two days  a f t e r  an i r r i g a t i o n  o r  

heavy r a i n .  Permanent w i l t i n g  p o i n t  i s  reached  when t h e  p l a n t  

can no longer  e x t r a c t  s u f f i c i e n t  w a t e r  from t h e  s o i l  t o  m a i n t a i n  

t r a n s p i r a t i o n  and growth p r o c e s s e s  and permanent w i l t i n g  o c c u r s .  

The d i f f e r e n c e  i n  m o i s t u r e  c o n t e n t  of  t h e  s o i l  between f i e l d  

c a p a c i t y  and nermanent w i l t i n g  p o i n t  i s  c a l l e d  t h e  a v a i l a b l e  

w a t e r  c a p a c i t i e s  (AWC) . 

T e s t s  c a r r i e d  o u t  i n  t h e  p r o j e c t  a r e a  have shown t h a t  t h e  

a v a i l a b l e  s o i l  m o i s t u r e  i s  s l i g h t l y  lower f o r  t h e  o l d  s i l t s  t h a n  

f o r  t h e  more sandy s o i l s  i n  t h e  A 1  Awash and A 1  ~ h e b w a n  a r e a .  An 

a v e r a g e  AWC of  25% by volume h a s  been t a k e n  because  approximate ly  

70% o f  t h e  s o i l s  i n  t h e  , c u l t i v a t e d  and ~ o t e n t i a l l v  c u l t i v a b l e  

a r e a  a r e  s i l ts .  

8 .6  ROOTING DEPTH 

The e f f e c t i v e  r o o t i n g  d e p t h  o f  a  p l a n t  governs  t h e  dep th  t o  which 

m o i s t u r e  can b e  e x t r a c t e d  from t h e  s o i l .  The f o l l o w i n g  e f f e c t i v e  

r o o t i n g  depths  were assumed: 

Lucerne - 120 c m  

Wheat, Bar ley ,  Maize, Okra, Sorghum - 80 cm 

Sesame, Groundnut, Egg P l a n t ,  - 6 0 c m  
Pepper ,  Melon, Tomato, P u l s e s ,  Beans) 

Onion, Cabbage, C a r r o t s  - 4 0  c m  

8.7 PRE-PLANTING IRRIGATION 

The m o i s t u r e  c o n t e n t  of t h e  s o i l  b e f o r e  c u l t i v a t i o n  f o r  p l a n t i n g  

a r a b l e  o r  f i e l d  c r o p s  i s  p robab ly  c l o s e  t o  permanent w i l t i n g  

p o i n t  and a  p r e - c u l t i v a t i o n  i r r i g a t i o n  i s  n e c e s s a r y  t o  r e s t o r e  

s o i l  mois tu re .  G e n e r a l l y  a  n r e - c u l t i v a t i o n  i r r i g a t i o n  of  50% o f  

t h e  t o t a l  a v a i l a b l e  s o i l  m o i s t u r e  i s  adequa te  t o  mois ten  t h e  s o i l  

c a u s i n g  t h e  ge rmina t ion  of t h e  weed s e e d s  which a r e  s u b s e a u e n t l y  



des t royed  by c u l t i v a t i o n  ~ r a c t i c e s .  The i r r i g a t i o n  a l s o  

prov ides  s u f f i c i e n t  a v a i l a b l e  s o i l  mois ture  f o r  s a t i s f a c t o r y  

germinat ion of t h e  p l a n t e d  seeds .  The  re-cultivation i r r i g a t i o n  

should be app l i ed  two t o  t h r e e  weeks be fo re  p l an t ing , a l l owing  

t ime f o r  c u l t i v a t i o n  p r a c t i c e s .  The remaining 50% of t h e  t o t a l  

a v a i l a b l e  s o i l  mois ture  should be app l i ed  wi th  t h e  scheduled 

i r r i g a t i o n s  b u t  w i t h i n  t h e  f i r s t  s i x  weeks a f t e r  p l a n t i n g  t h u s  

o b v i a t i n g  any p o s s i b i l i t i e s  of wate r  s t r e s s  on t h e  p l a n t s .  

RAINFALL 

The r a i n f a l l  has no t  been taken  i n t o  c o n s i d e r a t i o n  because a l though 

it i s  thought t o  be i n  t h e  reg ion  of 5 0  - 100 mm p e r  year  and 

f a l l i n g  between March-May and July-August, t h e r e  is no informat ion 

on t h e  r a i n f a l l  i n t e n s i t y ,  d-uration o r  peak r a i n f a l l  months. I t  

i s  l i k e l y  however, due t o  high a i r  temperatures  and s h o r t  d u r a t i o n  

ra ins torms  of moderate i n t e n s i t y ,  t h a t  t h e  e f f e c t i v e n e s s  of t h e  

r a i n f a l l  i s  low. R a i n f a l l  r eco rds  from o t h e r  p a r t s  of Yemen show 

t h a t  t h e  r a i n f a l l  i s  ve ry  v a r i a b l e  and cannot be  guaranteed.  

8 .9  IRRIGATION INTERVAL AND EFFICIENCY 

The i r r i g a t i o n  frequency i s  determined by d a i l y  c rop  water  u se ,  

r o o t i n g  depth,  a l lowable  degree  of s o i l  mois ture  d e p l e t i o n ,  water  

holding capac i ty  of t h e  s o i l  and r a i n f a l l .  I t  has  been assumed t h a t  

t h e r e  i s  no c a p i l l a r y  r i s e  of water  from t h e  wate r  t a b l e  as t h i s  
i s  approximately 2 0  m t o  30 m deep. The a l lowable  degree  of s o i l  

mois ture  d e p l e t i o n  has  been taken a s  60% f o r  a l l  crops  and 50% 

f o r  vege tab les  with i r r i g a t i o n  a p p l i c a t i o n  depth ranging from 5  cm 

t o  1 2  cm. Towards h a r v e s t i n g  o r  matur i ty  of  t h e  c rop ,  i r r i g a t i o n  

a p p l i c a t i o n s  a r e  reduced t o  encourage even r i p e n i n g  and it has  

been assumed t h a t  75% of t h e  a v a i l a b l e  s o i l  mois ture  conten t  w i l l  

be  taken up by f i e l d  c rops  and 50% by vege tab le  c rops .  

Water conveyed by i r r i g a t i o n  d i t c h e s  from t h e  w e l l  head t o  t h e  

f i e l d s  i s  s u b j e c t  t o  l o s s e s  by evapora t ion ,  seepage and water  use  

by p l a n t s  growing i n  o r  near  t h e  d i t c h e s .  These d i t c h e s  al thouqh 

reasonably s h o r t  a r e  un l ined  and o f t en  wind t h e i r  way t o  t h e  f i e l d s  



l b u t  p r e s e n t  t r a n s i t  l o s s e s  a r e  though t  t o  b e  low. I r r i g a t i o n  

l o s s e s  i n  t h e  f i e l d  a r e  mainly  through run-off  and deep  

p e r c o l a t i o n .  C u r r e n t  f i e l d  l o s s e s  a r e  low a s  t h e  i r r i g a t i o n  

p l o t s  a r e  s m a l l ,  some 30 - 4 0  m s q u a r e ,  and someone i s  i n  c o n s t a n t  

a t t e n d a n c e  d u r i n g  i r r i g a t i o n s .  Farms under  good management w i t h  

s t r a i g h t  i r r i g a t i o n  d i t c h e s  b u i l t  w i t h  puddled  s i l t  and s t r a w  w i l l  

a c h i e v e  h i g h e r  i r r i g a t i o n  e f f i c i e n c i e s  t h a n  t h e  farms w i t h  winding,  

u n l i n e d  d i t c h e s .  F u t u r e  i r r i g a t i o n  l o s s e s  have  been e s t i m a t e d  

a t  10% t r a n s i t  l o s s  and 15% f i e l d  l o s s  g i v i n g  an o v e r a l l  

i r r i g a t i o n  e f f i c i e n c y  of  75%. 

/' 

It h a s  been shown i n  Annex I t h a t  t o  m a i n t a i n  a  low s a l t  e q u i l i -  

br ium i n  t h e  r o o t  zone would r e q u i r e  a l e a c h i n g  f r a c t i o n  of 5% - 
g % ,  depending on groundwater  q u a l i t y .  Obvious ly  t h i s  w i l l  be  

a d e q u a t e l y  m e t  w i t h i n  t h e  assumed f i e l d  loss of 15%.  

The e s t i m a t e d  n e t  monthly c r o p  w a t e r  r e q u i r e m e n t s  a r e  summarized 

i n  T a b l e  8.15 and t h e  number of i r r i g a t i o n s  r e a u i r e d  on a  monthly 

b a s i s  a r e  shown i n  T a b l e  8.16. 



TABLE 8.15 

E s t i m a t e d  n e t  monthlv  c r o p  w a t e r  r e q u i r e m e n t s  

(m3/ha) 

P- - - - 

Wheat Veqe tah les  
B a r l e y  Sesame Sorghum Maize Beans Groundnut Summer Win te r  Lucerne  G r a ~ e s  C i t r u s  

J a n u a r y  

February  

March 

A p r i l  

May 
J u n e  

I L J u l y  
4 

I August 

September 

October  

November 

December 

T o t a l  6 100 6 660 7 500 7 930 8 110 7 320 8 800 5 $10 21  050 1 1 9 7 0  1 5 9 4 C  

Source:  HTS e s t i m a t e s .  



TABLE 8 . l6  

Es t imated  i r r i g a t i o n  i n t e r v a l s  

Crop E f f e c t i v e  P e r m i s s i b l e  Maximum Average Average Number o f  i r r i q a t i o n s  per month 
Rooting level  of  c a l c u l a t e d  f i e l d  evapo- i n c l u d i n g  p r e - i r r i g a t i o n  
dep th  ( D )  d ry ing  o f f  wa t e r  t o  a p p l i c a t i o n  t r a n s p i r a t i o n  

(mm) (p r e p l a c e  per ( i n c l .  f i e l d  du r ing  J P M A M J J A S O N D  
i r r i g a t i o n  l o s s e s  15%)  i r r i g a t i o n  

(mm (mm) i n t e r v a l  (IrRl) 

Wheat 800 0 .60 1 2 0  1 2 0  9 3  1 - - - - - - - 1 1 2 1  

Sesame 600 0 .60  90 98 

Sorghum 800 0 . 6 0  1 2 0  110 

A Groundnut 600 0 .60  
P qo Beans 600 0 .60 

Summer 
Vegetables  6 0 0  0 .50  

Winter  
Vegetables  4 0 0  0.50 50 53 45 3 1 - - - - - -  2 3 2 2  

Lucerne 1 200 0.60 180 118 100 1 2 2 2 2 2 2 2 2 2 1 1  

Grapes 1 500 0.50 187 117 100 - 1 1 2 2 1 2 1 1 1 -  

C i t r u s  1 500 0 .50 187 117 100 1 1 1 1 2 2 2 2 2 1 1 -  

Source: HTS e s t i m a t e s .  

Note: (1) A v a i l a b l e  s o i l  mo i s tu r e  (A)  = 25% by volume C a l c u l a t i o n :  D X P X A 

100 



CHAPTER 9 

AGRICULTURAL CREDIT 

9.1 SOURCES OF CREDIT 

Funds for investment in the Yemen Arab Re~uhlic are most 

generally available from the savings of private individuals and 

from the private commercial sector. The banking system onlv 

extends back to 1962 and for the subsequent eight years the 

country's civil war effectively impeded its expansion. In 1962 

the Yemen Bank for Reconstruction and Development was established 

to act both as an independent economic agent and as the agency 

for Government policy. The latter function was taken over in 1971 

by the Central Bank of Yemen established in that year. Four other 

banks were established in 1970 and 1971 but were concerned 

overwhelmingly with the industrial and commercial sectors. In 

1969 and 1971 attempts were made to form a national credit 

institution to serve the agricultural sector. These failed 

because of insufficient funds and the absence of adequately 

trained staff. In 1974 Government authorised the formation of 

the Agricultural Credit Fund (AFC). 

The Yemen Agricultural Credit Bank was established in 1975 as a 

national organisation with a wider eventual coverage than the AFC. 

PRIVATE SECTOR CREDIT 

Government sponsored credit for the agricultural sector has been 

recently established and its coverage is only gradually being 

extended. In most areas, including Ma'rib, credit is only 

available from private individuals and merchants. Funds for 

development have been made available from earnings of individual 

family members working outside the Republic, in particular,in 

Saudi Arabia. Private transfers to the Republic have qrown from 

R563.6 million in 1972/3 to R2363.3 million in 1975/6 and show no 

sign of reducing. In the project area, as elsewhere in the Yemen, 

individuals have used such monies for investment in their own 

farming operations. In particular funds have been invested in 

wells, engines and pumps, new and often more ~ermanent housing 



and t o  a  lesser e x t e n t  i n  farm machinery.  Sav ings  from o u t s i d e  

t h e  Yemen a r e ,  however, commonly s u p p l e m e n t e d b y l o a n s  from l o c a l  

merchants ,  t h e  s u p p l i e r s  of t h e s e  new i n p u t s ,  and from l a n d l o r d s .  

Merchant and l a n d l o r d  c r e d i t  i s  g e n e r a l l y  s h o r t  t e r m ,  r e p a y a b l e  

over  f o u r  months t o  two y e a r s  depending on t h e  amount and u s e .  

A s  a  r e s u l t  o f  t h e  I s l a m i c  s t igma  r e l a t i n g  t o  u s u r y , i n t e r e s t  on 

loans ,  a l t h o u g h  charged,  is  n o t  s p e c i f i e d  as such.  The a v a i l a b i l i t y  

of c r e d i t  t o  i n d i v i d u a l s  depends upon t h e i r  s t a n d i n g  i n  t h e  

community, t h e i r  r e c o r d ,  i f  any,  of s e t t l i n q  p r e v i o u s  d e b t s  an* 

t h e  l e n d e r ' s  n e r s o n a l  knowledge o f  t h e  p e r s o n .  F i g u r e s  o b t a i n e d  

i n  t h e  p r o j e c t  area i n d i c a t e  r a t e s  of  i n t e r e s t  of 12% t o  15% on 

l o a n s  r e p a y a b l e  o v e r  one t o  two y e a r s .  E x c e s s i v e  r a t e s  a r e  

undoubtedly p r e v e n t e d  by t h e  I s l a m i c  t r a d i t i o n  r e l a t i n g  t o  l o a n s .  

The a v a i l a b i l i t y  o f  c r e d i t  t o  i n d i v i d u a l s  v a r i e s  a  g r e a t  d e a l  and 

t h e  non-repayment o f  a  loan  w i t h i n  t h e  s t i n u l a t e d  q e r i o d  can  l e a d  

t o  r e p o s s e s s i o n  and a  d r y i n g  up of a l l  f u t u r e  c r e d i t .  

S h o r t  t e rm c r e d i t  i s  on ly  i n  demand f o r  f u e l  and t h e  h i r e  of 

machinery. F o r  t h e  fa rmer  i n t e r e s t  i s  h igh .  For  example d i e s e l  

f u e l  can  be  o b t a i n e d  f o r  R 1 0 4  p e r  2 2 0  l i t r e s  f o r  cash ,  f o r  c r e d i t  

t h i s  i n c r e a s e s  t o  R195 ( + 8 8 % ) .  For  t r a c t o r  h i r e  a  cha rge  of  R25 

p e r  hour i s  made f o r  c a s h ,  R30 p e r  hour f o r  s e a s o n a l  c r e d i t  ( 2 0 % ) .  

(Fue l  p r i c e s  v a r y  accord inq  t o  a v a i l a b i l i t y  and t h e  f i g u r e s  above 

a r e  lower t h a n  t h o s e  p r e v a i l i n g  d u r i n g  A n r i l ,  1977) .  Such s h o r t  

term l o a n s  a r e  g e n e r a l l y  r e p a y a b l e  when t h e  c r o p  i s  h a r v e s t e d ,  a 

~ e r i o d  o f  t h r e e  t o  f o u r  months. Renayment mav be i n  cash  o r  i n  

k ind .  Where i n  k i n d  t h e  c rop  i s  va lued  a t  t h e  c u r r e n t   us& A 1  

~ a l a l  buying price. I n  a t  l e a s t  one a r e a ,  however, t h e  v a l u e  o f  

croD i s  d e c i d e d  i n  advance between t h e  She ik  and t h e  merchant  

supp ly ing  c r e d i t ,  t h u s  reduc ing  t h e  u n c e r t a i n t y  p r e v a l e n t  i n  such  

t r a n s a c t i o n s .  I n  some c a s e s  c r e d i t  i s  p rov ided  f o r  t h e  p u r c h a s e  

of  machinery under  an aqreement whereby t h e  buyer r e p a y s  by 

p rov id ing  t h e  sel ler  w i t h  25% of  h i s  c r o p  d u r i n g  t h e  nayment 

pe r iod .  The s u p p l i e r  i n  such c a s e s  i s  r e s p o n s i b l e  f o r  r e p a i r s  

and maintenance d u r i n g  t h e  repayment p e r i o d ,  t h e  farmer  b e i n g  

r e s p o n s i b l e  f o r  t h e  p r o v i s i o n  of f u e l  and l u b r i c a n t s  on ly .  



9 . 3  AGRICULTURAL CREDIT FUND (ACF) 

The A g r i c u l t u r a l  C r e d i t  Fund i s  f i nanced  by t h e  Yemen Bank f o r  

Recons t ruc t ion  and Development through an arrangement w i t h  

C e n t r a l  Bank of  Yemen. The I n t e r n a t i o n a l  Rank f o r  Recons t ruc t i on  

and Development and t h e  Kuwait Fund u s e  t h e  ACF a s  a  channel  f o r  

inves tment .  The ACF has  o f f i c e s  i n  Sana ' a ,  Wadi Mawr and Wadi 

Zabid c o n f i n i n g  i t s  a c t i v i t i e s  t o  t h e  Tihama and Southern  Uplands 

Development P r o j e c t s .  Shor t  t e r m  p roduc t ion  and medium term 

c a p i t a l  l o a n s  a r e  provided i nc lud ing  c r e d i t  f o r  t h e  development 

of  p roces s ing  and market ing ven tu re s .  Borrowers a r e  expec ted  t o  

p rov ide  20% o f  t h e  development c o s t  and a r e  charged i n t e r e s t  a t  

8% t o  98 per annurn accord ing  t o  t h e  t y p e  o f  loan.  

9.4 YEMEN AGRICULTURAL CREDIT BANK (YACB) 

I n  1975 Government e s t a b l i s h e d  t h e  Yemen A g r i c u l t u r a l  C r e d i t  Bank 

w i th  t h e  o b j e c t i v e  of  p rov id ing  c r e d i t  f a c i l i t i e s  f o r  t h e  s e c t o r  

throughout  t h e  Republ ic  over  a  f i v e  y e a r  pe r iod .  I t  i s  e a r l y  y e t  

t o  a s s e s s  t h e  degree  of  succes s  ob t a ined .  O f f i c e s  have been 

opened i n  Sana 'a ,  Ta i z  and Ibb.  I n  t h e  Tihama c o a s t a l  b e l t  t h e  

Bank o p e r a t e s  through t h e  A g r i c u l t u r a l  C r e d i t  F u r d l s  o f f i c e s .  

Care i s  t aken  t o  ensu re  t h a t  serv'ices a r e  n o t  d u p l i c a t e d  between 

t h e  ACF and t h e  YACB. The YACB' s  wol icy  i s  t o  s t a f f  i t s  branches  

a s  f a r  a s  p o s s i b l e  w i th  people  from t h e  a r e a s  i n  which t h e y  a r e  

s i t u a t e d .  I ts  p o l i c y  of  g r adua l  expansion has  been thought  o u t  

bear ing  i n  mind t h e  va r ious  r e g i o n ' s  p o s s i b l e  p o t e n t i a l  f o r  c r e d i t  

ab so rb t i on  and Government c o n t r o l .  M a l r i b  a s  a  r e s u l t  i s  

scheduled t o  r e c e i v e  a  branch on ly  d u r i n g  t h e  l a s t  y e a r  o f  t h e  

f i v e  y e a r  pe r iod .  However, t h e  p l a n  i s  f l e x i b l e  and t h e  Bank would 

be w i l l i n g  t o  c o n s i d e r  o p e r a t i n g  i n  t h e  ~ r o j e c t  a r e a  p r o v i d i n g  

c e r t a i n  s a f egua rds  were assured .  These i n c l u d e  t h e  p r o v i s i o n  o f  

funds from government o r  o t h e r  sou rce s  f o r  t h e  a r e a  which cou ld  

be on- lent  a t  t h e  minimum of r i s k .  I d e a l l y  t h e  rewayrnent by 

farmers  o f  such funds  would have t o  b e  guaranteed by t h e  funding 

body, t h e  Bank merely a c t i n g  a s  a  s e r v i c i n g ,  n o t  a  r i s k  t a k i n g ,  

agent .  



The p r i n c i p l e  d i f f i c u l t y  foreseen by t h e  YACB i s  t h a t  of s e c u r i t y .  

Generally t h i s  i s  i n  t h e  form of land and t h e  Bank f e a r s  p o s s i b l e  

problems i n  a r e a s  of l i t t l e  Government c o n t r o l  such a s  t h e  Wadi 

~ b i d a .  Repayment l e v e l s  t o  d a t e  have however been good i n  t h e  

a reas  now covered. 

The YACB provides  a  comprehensive s e t  of loan types  both t o  

ind iv idua l s  and t o  Local Development Associat ions  and co-operat ives .  

Short  t e r m  c r e d i t  i s  a v a i l a b l e  f o r  ~ e r i o d s  of l e s s  than twelve 

months a t  an annual i n t e r e s t  r a t e  of 9 % .  

Medium and long term c r e d i t  f o r  machinery, bu i ld ings  and o t h e r  

farm improvements i s  a v a i l a b l e  a t  8% annual i n t e r e s t .  

Loans a r e  a v a i l a b l e  f o r  a l l  farming, l i v e s t o c k ,  f o r e s t r y  and 

f i s h e r i e s  a c t i v i t i e s .  Cred i t  i s  a s  f a r  a s  poss ib l e  provided i n  

kind,  very l i t t l e  cash being d isbursed  and each branch employs 

s t a f f  s u f f i c i e n t  t o  adequately supe rv i se  loans.  

The i n t e r e s t  r a t e s  a r e  a t t r a c t i v e  t o  borrowers compared t o  those  

charged by merchants and landlords  and t h e  Sana'a branch has 

a l ready  been approached by a  number of ~ r o d u c e r s  i n  t h e  Ya ' r ib  

a rea  f o r  loans .  These cannot be gran ted ,  however, u n t i l  t h e  

YACB i s  o p e r a t i o n a l  i n  t h e  Governorate. 

9 . 5  CONCLUSIONS 

Development i n  t h e  p r o j e c t  a rea  w i l l  i nc rease  t h e  demand f o r  

c r e d i t  a t  reasonable  i n t e r e s t  l e v e l s .  The expansion of seasona l  

c r e d i t  can be expected i n   articular a s  growers a r e  encouraged 

t o  purchase improved seed and extend mechanical c u l t i v a t i o n  and 

harves t ing .  

The Yemen A g r i c u l t u r a l  Cred i t  Bank should be ind.uced t o  open a  

branch i n  t h e  p r o j e c t  a rea  a s  soon a s  t h e  p r o j e c t  commences. The 

YACB w i l l  r e q u i r e  some degree of guarantee aga ins t  l o s s e s  t h a t  

might a r i s e  a s  a  r e s u l t  of t h e  independent na tu re  of t h e  a rea .  

However, t h i s  could only be j u s t i f i e d  f o r  a  l imi ted  pe r iod ,  t h e  



f i r s t  t h r e e  y e a r s  a t  t h e  most. During t h i s  per iod  it i s  

reasonable  t o  assume t h a t  Government c o n t r o l  w i l l  have been 

s u f f i c i e n t l y  extended t o  b r i n g  t h e  l e v e l s  of r i s k  i n t o  l i n e  w i t h  

t hose  now i n  a r e a s  where t h e  YACB opera tes .  

I n i t i a l l y  t h e  YACB branch w i l l  b e  sma l l ,  opera ted  by one loans- 

supe rv i so ry  o f f i c e r  and a c l e r k .  



CHAPTER 10 

AGRICULTURAL TAX 

10.1  SYSTEM OF TAXATION 

I n  common wi th  a l l  o t h e r  p a r t s  of  t h e  Republic farmers  and 

l i v e s t o c k  owners i n  t h e  Wadi Abida a r e  s u b j e c t  t o  a g r i c u l t u r a l  

t a x e s ,  c o l l e c t i v e l y  known a s  Zakat.  This  t r a d i t i o n a l  system 

of t a x a t i o n  has  a  r e l i g i o u s  o r i g i n  and i s  s t i l l  g e n e r a l l y  viewed 

a s  a  r e l i g i o u s  o b l i g a t i o n ,  p a r t i c u l a r l y  i n  t h e  more t r a d i t i o n a l  

a r e a s  such a s  Ma'r ib.  Revenues a r e  now c o l l e c t e d  by Government 

where it i s  i n  a  p o s i t i o n  t o  do so .  

Income under t h e  Zakat system accrues  from crops ,  l i v e s t o c k  and 

from i n d i v i d u a l  weal th .  

Nat iona l  revenues from t h i s  source  t o t a l l e d  R19 m i l l i o n  i n  1975/76 

of which R 1 2  m i l l i o n  was from crops  and R1.5 m i l l i o n  from l i v e -  

s tock .  S ince  t h e  end of t h e  r e c e n t  c i v i l  war c o l l e c t i o n  o f  Zakat 

has  i nc reased  s u b s t a n t i a l l y  a s  shown i n  Table 10.1, an i n d i c a t i o n  

of Government's i nc reased  acceptance throughout t h e  c o u n t r y .  

Table  10.1  Zakat revenue accru ing  t o  C e n t r a l  Government 

R m i l l i o n  

Source 1971/2 1972/3 1973/4 1974/5 1975/6 

Crops 

Livestock 

Wealth 

Pool 

T o t a l  Zakat 10.76 6.14 15.75 14.65 19 .OO 
- 

T o t a l  Revenue 151.27 199.02 275.20 379.60 455.30 

Crop and l i v e s t o c k  

Zakat a s  p ropor t ion  

of t o t a l  revenues 3 7 .1  3.1 5.7 3.9 3.9 

Source: S t a t i s t i c a l  Year Books 1974 - 75 and 1976 Yemen Arab 
Republic Cen t r a l  Planning Organisa t ion  Sana'a.  



There a r e  however s t i l l  a r e a s  from which very l i t t l e  o r  no 

revenue i s  ob ta ined .  Zakat a s  a p ronor t ion  of t o t a l  Government 

revenue has been f a l l i n g  a s  income from o t h e r  sources  i n c r e a s e s ,  

~ a r t i c u l a r l y  i n d i r e c t  t a x e s  i nc lud inq  imwort t a x  and customs 

d u t i e s .  Zakat now s t ands  a t  almost  4% of t o t a l  revenue. 

1 0 . 2  LEVEL OF ZAKAT 

Zakat under t h e  Republ ic ' s  p rev ious  regime was a s s e s s e d  f o r  each 

i n d i v i d u a l  by s p e c i a l l y  appointed o f f i c e r s .  A t  p r e s e n t  however 

t h e  t a x  i s  se l f - a s se s sed  by each i n d i v i d u a l  on t h e  b a s i s  set  ou t  

i n  t h e  Koran. There a r e  no Government checks on t h e  assessment 

l e v e l s .  

The t a x  i s  l ev i ed  a t  r a t e s  s t i p u l a t e d  i n  t h e  Koran which a r e  

uniform throughout t h e  country .  Crops a r e  a s se s sed  on t o t a l  

p roduc t ion  inc lud ing  t h a t  used by producers f o r  subs i s t ence .  

Crops de r ived  from w e l l  i r r i g a t e d  lands  a r e  s u b j e c t  t o  Zakat a t  

5% of t h e i r  va lue ,  from s e i l  i r r i g a t e d  and dryland a r e a s  a t  10%. 

I n  t h e  Ma'r ib  Nahiyat l i v e s t o c k  i s  assessed  on t h e  b a s i s  of t h e  

Nesab system, This r e s u l t s  i n  t h e  fol lowing l e v i e s :  

Came 1s - R 1 0 0  f o r  every  f i v e  head 

Sheep, g o a t s  - R 1 0 0  f o r  every f o r t y  head 

C a t t l e  - R 1 0 0  f o r  every t e n  head 

There a r e  no owners i n  t h e  Governorate who q u a l i f y  f o r  Zakat 

on c a t t l e .  The t a x  i s  n o t  payable i n  r e s n e c t  of p o u l t r y  o r  

l i v e s t o c k  products .  

The t a x  i s  nayable t o  t h e  Government's o f f i c e  w i t h i n  one month 

of h a r v e s t .  I t  must be  made i n  cash f o r  l i v e s t o c k  b u t  can be  i n  

cash  o r  i n  kind f o r  crops .  The cash value f o r  crops  i s  determined 

by t h e  gene ra l  p r i c e  l e v e l  p r e v a i l i n g  i n  ~ u s u n  A 1  ~ a l a l  du r ing  t h e  

h a r v e s t  per iods .  

Zakat c o l l e c t e d  i n  each Governorate i s  shared on an equa l  b a s i s  

-125- 



between c e n t r a l  Government and t h e  a r e a  i t se l f .  50% o f  t h e  t a x  

can b e  r e t a i n e d  i n  each  Governora te  f o r  e x p e n d i t u r e  on community 

p r o j e c t s .  The d i s p e r s a l  o f  t h e s e  funds  is  dec ided  by a s m a l l  

committee under  t h e  cha i rmansh ip  o f  t h e  Governor.  I n  most areas 

t h i s  group i n c l u d e s  s t r o n g  r e p r e s e n t a t i o n  from t h e  L o c a l  

Development A s s o c i a t i o n  which i s  o f t e n  t h e  body r e s p o n s i b l e  f o r  

t h e  implementa t ion  of community p r o j e c t s .  

10.3 M A ' R I B  ZAKAT INCOME AND EXPENDITURE 

1 

Government 's p r e s e n c e  i n  t h e  Ma ' r ib  area w a s  o n l y  e s t a b l i s h e d  i n  

1973 and i s  s t i l l  nominal i n  a  number o f  a r e a s  i n c l u g i n g  t h o s e  

i n  t h e  p r o j e c t  area. Cash s u b m i t t e d  t o  Government from c r o p s  and 

l i v e s t o c k  i n  t h e  whole Governora te  amounted t o  R300 000 i n  1976. 

I n  a d d i t i o n  1 300 kada ( 4 2  900 k g )  o f  wheat ,  300 kada (9 900 kg)  

of  sesame and a  v e r y  s m a l l  q u a n t i t y  o f  sorghum was p a i d  t o  

Government. I n  1973 t h e  Zahat  c o l l e c t e d  amounted t o  o n l y  250 kada 

( 8  250 kg)  o f  wheat  and 70 kada (2 310 kg)  of sesame. 

D e s p i t e  t h e  s t e a d y  improvement i n  Zakat  c o l l e c t i o n  t h e r e  are s t i l l  

many who d o  n o t  pay t h e  t a x  t o  Government o r  who o n l y  pay t h e  50% 

of  t h e i r  a s sessment  t h e y  f e e l  i s  Government 's due. Such p e o p l e ,  

and t h e y  i n c l u d e  many who farm c l o s e  t o  t h e  Governora te  c a n i t a l ,  

pay t h e  t a x  themselves  b u t  i n  t h e  form of  d i r e c t  c o n t r i b u t i o n s  t o  

t h e  a r e a ' s  needy. 

The b u l k  o f  monies p a i d  t o  t h e  Government t h a t  a r e  k e p t  i n  t h e  

a r e a ,  R150 000 i n  1976, a r e  d i s p e r s e d  i n  t h e  form of supplementary  

payments of  R200 p e r  annum t o  t h e  300 t e a c h e r s  i n  t h e  Governora te .  

I n  1976 R20 000 was provided t o  i n i t i a t e  t h e  b u i l d i n g  of  a s c h o o l  

a t  H U S ~  a 1  ~ a l a l  i n  t h e  p r o j e c t  a r e a .  

There  i s  c o n s i d e r a b l e  scope  f o r  t h e  improved c o l l e c t i o n  o f  Zakat  

i n  t h e  Wadi ~ b i d a  a r e a  a s  w e l l  a s  t h e  Governora te  as a  whole. 

The e x p e r i e n c e  of  t h e  p e r i o d  s i n c e  1973 s u g g e s t s  t h a t  improved 

coverage  w i l l  occur  i n  t h e  f u t u r e  though on ly  g r a d u a l l y .  
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11.1 FOREIGN TRADE 
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The  Yemen A r a b  R e p u b l i c  h a s  s u f f e r e d  a g rowing  f o r e i g n  t r a d e  

d e f i c i t  f o r  many y e a r s  as i l l u s t r a t e d  i n  T a b l e  11.1. 

T a b l e  11.1 Summary o f  f o r e i g n  t r a d e ,  Y.A.R.  (1969-77) 

E x p o r t s  19323  13498  24701  25269 55382 52966 50063 3759 

I m p o r t s  166629 174562 204428 410666 444980 981004 1706894 363465 

T r a d e  
d e f i c i t  147306 161064 179727 385397 389598 928038 1656831  359706 

S o u r c e :  F i n a n c i a l  S t a t i s t i c a l  B u l l e t i n .  Vol .  4  N o .  1 C e n t r a l  
Bank o f  Yemen, S a n a ' a .  

(1) J u l y  t o  S e p t e m b e r  1 9 7 6 ,  o n l y .  

The  d e f i c i t  h a s  grown by  o v e r  1000% d u r i n g  t h e  p e r i o d  1969/70 

t o  1975/76 e v e n  t h o u g h  t h e  v a l u e  o f  e x p o r t s  more  t h a n  t r e b l e d  

d u r i n q  t h e  same p e r i o d .  A s  shown i n  T a b l e  1 1 . 2  i m n o r t s  o f  f o o d  

and  l i v e  a n i m a l s  a c c o u n t e d  i n  1975/76 f o r  43% o f  t h e  v a l u e  o f  t o t a l  

i m p o r t s  as compared w i t h  45% i n  1971/72.  

D u r i n g  1975/76 a l m o s t  o n e  t h i r d  o f  t h i s  c a t e g o r y  o f  i m p o r t s  w e r e  

cereals a n d  c e r e a l  p r o d u c t s ,  s e c o n d  i n  v a l u e  o n l y  t o  s u g a r .  

An ima l s  and  a n i m a l  p r o d u c t s  a n d  f r u i t  a n d  v e g e t a b l e s  r e p r e s e n t e d  

6 .5% a n d  9 . 5 %  o f  t h o s e  i m n o r t s  r e s p e c t i v e l y .  



T a b l e  1 1 . 2  V a l u e  of  c e r t a i n  i m p o r t e d  commodi t i e s ,  Y.A.R.  

(L971-77) 

R ' 000 

I t e m  1971/2 1972/3 1973/4 1974/5  1975/6 1976/7(11  

T o t a l  i m p o r t s  204428 410666 744980 981004 1706894 363465 

Food a n d  l i v e  a n i m a l s  90942 176337 364377 418631 741569 111759 

L i v e  a n i m a l s  

Meat and  mea t  p r o d u c t s  

D a i r y  p r o d u c t s  and  e g g s  

C e r e a l s  a n d  c e r e a l  
p r o d u c t s  

V e g e t a b l e s  and  f r u i t s  

C o f f e e ,  t e a  and  s n i c e s  

S u g a r  and  s u g a r  p r o d u c t s  

Animal f e e d s t u f f s  

V e g e t a b l e  o i l s  

S o u r c e :  F i n a n c i a l  S t a t i s t i c a l  B u l l e t i n .  Vol .  4 No. 1. C e n t r a l  
Bank o f  Yemen, S a n a ' a .  

(1) J u l y  t o  Sen temher  1976 ,  o n l y .  



The R e p u b l i c ' s  e x p o r t s  d u r i n q  1976/76 w e r e  p redominan t lv  c o t t o n  

and c o t t o n  s e e d  (52% by v a l u e ) ,  h i d e s  and s k i n s  (16%)  and c o f f e e  

(15%) a s  i l l u s t r a t e d  i n  T a b l e  11.3. 

T a b l e  1 1 . 3  Value of main ex_r,orts ,  Y.A.R.  (1971-77) 

I t e m  1971-2 1972-3 1973-4 1974-5 1975-6 1976-7 (1) 

T o t a l  e x p o r t s  24701 25269 55382 52966 50036 3759 
-- p 

- 

L i v e  an imals  341 768 643 443 6  - 
F r u i t :  f r e s h  & 
d r i e d  161  197 56 88 164 180 

Cof fee  5534 5496 6461 49 72 7588 1030 

C o t t o n  & c o t t o n  
p r o d u c t s  10899 13138 37375 32544 25967 118 

Raw h i d e s  & s k i n s  3271 3325 6241 4404 80 4 0  918 

P o t a t o e s  239 392 115 1 4 1  1.35 1 

Source:  F i n a n c i a l  S t a t i s t i c a l  E u l l e t i n .  Vol. 4 No. 1 

C e n t r a l  Bank of Yemen, S a n a ' a .  

(1) J u l y  t o  September,  1976 on ly .  

It  i s  Government p o l i c y  t o  r e d u c e  t h e  p r e s e n t  dependency on food 

i m p o r t s ,  i n  p a r t i c u l a r ,  by encourag ing  t h e  p r o u d c t i o n  o f  c e r e a l s ,  

v e g e t a b l e s ,  f r u i t s ,  v e q e t a b l e  o i l s  and l i v e s t o c k  wroducts .  

The p r o j e c t  a r e a  produces  s u r w l u s e s  of wheat and sesame a t  t h e  

p r e s e n t  t ime.  

11.2 PROJECT AREA CROPS 

I n  a d d i t i o n  t o  wheat and sesame, sorghum, maize and s m a l l  

q u a n t i t i e s  of  b a r l e y  and v e g e t a b l e s  are now produced i n  t h e  Wadi 

~ b I d a .  For  r o t a t i o n a l  purposes  r a t h e r  t h a n  cash  w r o f i t a b i l i t y  



i t  i s  sugges ted  t h a t  some beans  and groundnuts  b e  grown i n  t h e  

f u t u r e .  

11 .2 .1  C e r e a l s  

Tab l e  1 1 . 4  p rov ides  a  breakdown of  c e r e a l  and f l o u r  impor t s  f o r  

t h e  c a l e n d a r  y e a r s  1973 t o  1975. 

Tab l e  1 1 . 4  Ce rea l  and f l o o r  impor ts  (1973-1975 

1973 1974 19 75 
Q u a n t i t y  Value Q u a n t i t y  Value Q u a n t i t y  Value 

tonnes  R ' 000 tonnes  R ' 000 tonnes  R '000 

Wheat 71216 

R i c e  2145 

Ba r l ey  3 

Millet  - 
Maize 18118 

Sorghum - 
F l o u r  75859 

T o t a l  167341 107583 143903 166201 188104 222474 

Source: Yemen Arab Republ ic  S t a t i s t i c a l  Year Books 1974-5 and 1976. 

C e n t r a l  P lann ing  O f f i c e ,  Sana 'a .  Fo re ign  Trade  S t a t i s t i c s .  

1975. C e n t r a l  Bank of  Yemen. 

The R e p u b l i c ' s  r e s i d e n t  popu l a t i on  p r e s e n t l y  r e q u i r e  about  1 .3  

m i l l i o n  tonnes  o f  g r a i n  annua l l y  and impor t s  p rov ide  15% of  t h i s .  

I n  o r d e r  t o  ach ieve  impor t  s u b s t i t u t i o n  by 1980 l o c a l  p roduc t ion  

w i l l  have t o  be r a i s e d  by 60%. While sorghum and wheat w i l l  

become i n  g r e a t e r  demand a s  incomes i n c r e a s e .  

Impor t s  have cont inued a t  h i g h  l e v e l s  s i n c e  1975 even though l o c a l  

o u t p u t  ha s  i nc r ea sed  d u r i n g  t h e  p a s t  two good growing seasons .  



Wheat: Wheat g r a i n  and f l o u r  a r e  a major import  and Government 

i s  p l a c i n g  emphasis upon i n c r e a s i n g  l o c a l  p roduc t ion  bo th  by 

encouraging wider  p l a n t i n g s  and inc rea sed  y i e l d s .  The ~ r o j e c t  

a r e a  has  a r e p u t a t i o n  f o r  producing l o c a l  wheats o f  t h e  q u a l i t y  

much i n  demand i n  t h e  Republic.  I t  was e s t i m a t e d  by t h e  s tudy  

team t h a t  p roduc t ion  from t h e  1 0 2 0  ha i n  t h e  p r o j e c t  a r e a  

t o t a l l e d  a lmost  1 833 tonnes  i n  1976 - 77 w i t h  a v a l u e  t o  

producers  of  about  R 4 . 6  m i l l i o n .  Wheat i s  cons ide red  a cash cron 

and a good p ropor t i on  i s  s o l d  t o  l o c a l  merchants.  The crop is  

t h e r e a f t e r  expor ted  t o  Saudi  Arabia which is  close and of easy  

acces s  and where very  h igh  p r i c e s  p r e v a i l .  P r e s e n t  product ion 

va lued  a t  import  p r i c e  l e v e l s  would, i f  consumed w i t h i n  t h e  

Republ ic ,  be  worth ove r  R 2 . 1  m i l l i o n  less t h e  v a l u e  o f  t h e  g r a i n  

u t i l i s e d  p r e s e n t l y  w i t h i n  t h e  Wadi ~ b i d a .  

The n r i c e  of  imported and domestic wheat h a s  been f a l l i n g  s i n c e  

t h e  h igh  l e v e l s  of 1974. Th i s  ha s  n o t  however a f f e c t e d  t h e  

p r o j e c t  a r e a  where l e v e l s  are governed by t h o s e  i n  Saudi Arabia 

and by t h e  h igh  q u a l i t y  of  g r a i n ,  which is i n  much demand. During 

1976 and e a r l y  1977 producer  p r i c e s  i n  t h e  a r e a  have va r i ed  from 

R3 100 t o  R 2  300 p e r  tonne  a t  Husun a 1  J a l i i l .  

Barley: A s  it is  n o t  i n  g r e a t  demand, b a r l e y  i s  on ly  produced on 

a smal l  s c a l e  i n  t h e  p r o j e c t  a r e a ,  an e s t ima ted  124 tonnes  from 

83 ha ,  l o c a l l y  valued a t  about  R186 000 i n  1976-77. I t  i s  l i k e l y  

t h a t  t h i s  c rop  w i l l  be  rep laced  by wheat w i t h i n  a few yea r s .  

Local  p r i c e s  vary  from R 2  000 t o  R 1  400 per tonne  i n  t h e  p r o j e c t  

a r e a .  

Sorghum: The p r i n c i p a l  s u b s i s t e n c e  c rop  i n  t h e  p r o j e c t  a r e a  is 

sorghum which i s  p l an t ed  on some 1 130 ha 02 s e i l  i r r i g a t e d  land.  

Over 960 tonnes w e r e  produced i n  1976 w i t h  a l o c a l  va lue  of 

approximately R 1 . O  m i l l i o n .  L i t t l e  of t h i s  g r a i n  i s  t r aded  b u t  

Hus& a 1  J a l a l  p r i c e s  a r e  s a i d  t o  have been from R 1  1 4 0  t o  R850 

p e r  tonne i n  1976. Demand i s  f o r  wh i t e  sorqhum r a t h e r  than  t h e  

r e d  v a r i e t y  and can be  expected t o  i nc rea se .  Onlv sma l l  q u a n t i t i e s  

a r e  imported i n t o  t h e  R e ~ u b l i c .  



Maize: Impor t s  o f  t h i s  g r a i n  have been growing and i n  1975 

t o t a l l e d  6 249 t o n n e s  a t  a  v a l u e  of  a lmos t  R 1  000 p e r  tonne .  

The v a l u e  p e r  t o n n e  h a s  d e c r e a s e d  s i n c e ,  but l o c a l  p r i c e s  remain 

h i g h  and. a s  w i t h  some o t h e r  c r o p s  e s p e c i a l l y  so i n  t h e  p r o j e c t  

a r e a  w i t h  i t s  e a s y  a c c e s s  t o  Saudi  Arabia .  N e v e r t h e l e s s  maize 

i s  n o t  g e n e r a l l y  c o n s i d e r e d  a cash  c r o p  i n  t h e  a r e a  where some 

166 h a  o f  w e l l  i r r i q a t e d  l a n d s  produced abou t  249 t o n n e s  

i n  1976 w i t h  a  median l o c a l  v a l u e  of  R448 000. Much of  t h e  c r o p  

i s  grown a s  a  mixed s t a n d  w i t h  sesame. 

Loca l  p r e f e r e n c e  i s  f o r  t h e  cob r o a s t e d  whole r a t h e r  t h a n  f o r  

maize f l o u r .  The l a t t e r  i s  however consumed on o c c a s i o n s .  The 

local Ma' r ib  market  f o r  maize w i l l  p robab ly  remain  s m a l l  though 

i n  due  c o u r s e  some demand, probably  on an  'own p r o d u c t i o n '  b a s i s ,  

may a r i s e  f o r  i t s  u s e  a s  animal  f e e d .  T h e r e  i s  s c o p e ,  however, 

f o r  s a l e s  t o  o t h e r  p a r t s  of  Yemen a t  p r i c e s  t h a t  w i l l  b e  

c o n s i d e r a b l y  lower t h a n  ~ r e s e n t l y  p r e v a i l  i n  t h e  Wadi ~ h i d a .  

HUS& a 1  ~ a l a l  p r i c e s  i n  1976 w e r e  r e p o r t e d  a s  v a r y i n g  from R 1  700 

t o  R 1  995. Cobs f e t c h  abou t  R1.30 f o r  f o u r .  

11.2.2 Sesame 

T h i s  impor tan t  c a s h  c r o p  i s  t h e  on ly  o i l s e e d  grown i n  t h e  a r e a .  

An e s t i m a t e d  500 h a  produce  250 t o n n e s  of s e e d  r e p r e s e n t i n g  

75 tonnes  o f  sesame o i l  a t  l o c a l  e x t r a c t i o n  r a t e s .  I m ~ o r t s  i n t o  

t h e  Republ ic  of  sesame seed  have grown from 376 t o n n e s  i n  1973 

t o  over  1 0 0 0  t o n n e s  i n  1976. Most of t h i s  i s  used by t h e  Yemen 

B i s c u i t  Company i n  T a i z  f o r  t h e  manufacture  of c o m ~ r e s s e d  sesame 

cake.  U n r e l i a b l e  l o c a l  s u p p l i e s  and h i g h  prices have f o r c e d  t h e  

company t o  r e l y  upon imnor t s .  Larqe  q u a n t i t i e s  of v e g e t a b l e  o i l s  

a r e  a l s o  impor ted  a s  shown i n  Tab le  11.2. Impor t s  f l u c t u a t e  b u t  

averaged R3.3 m i l l i o n  between 1971/72 and 1975/76 r e ~ r e s e n t i n g  

some 1 700 t o n n e s  a n n u a l l y .  

Sesame o i l  i s  e x t r a c t e d  i n  t h e  p r o j e c t  a r e a  by camel powered 

t r a d i t i o n a l  p r e s s e s  w i t h  an e s t i m a t e d  y i e l d  o f  30% o i l .  Millers 

charge  one t e n t h  of t h e  s e e d  brought  i n  f o r  e x t r a c t i o n  a s  w e l l  

a s  keeping t h e  cake.  Loca l  p r i c e s  a r e  g e n e r a l l y  h i g h  though 



extremely v a r i a b l e .  I n  1976 they  reached over  R5 000 D e r  tonne  

of seed and R 2 2  Der l i t r e  f o r  o i l .  More r e a l i s t i c  l e v e l s  

however would be R 1 0  p e r  l i t r e  f o r  o i l  and R3 000 p e r  tonne seed.  

Demand a t  t h e s e  p r i c e s  i s  very l o c a l i s e d  and t o t a l  consumption 

i n  t h e  Republic unknown f o r  lack of d a t a .  I f  t h e  crop can be 

grown more economically t han  a t  p r e s e n t  t hen  t h e  market which 

does e x i s t  i n  Yemen and neighbouring Saudi Arabia  w i l l  be worth  

e x p l o i t i n g .  T h i s  w i l l  mean cons iderab ly  h ighe r  y i e l d s  than  t h e  

es t imated  500 kg p e r  ha  a t  p r e sen t .  

11.2.3 F r u i t  and ~ e q e t a b l e s  

Production of f r u i t  and vege tab les  i n  t h e  Wadi ~ b i d a  i s  sma l l  

and confined t o  t h e  w e l l  i r r i g a t e d  farms.  50 ha a r e  devoted 

t o  t h e s e  crops  producing a p o s s i b l e  t o t a l  of  75 tonnes .  I m ~ o r t s  

i n t o  t h e  Republ ic  have increased  i n  va lue  s i n c e  1971/72 by 770% 

t o  over R70.4 m i l l i o n  i n  1975/76. Table  11.5 s e t s  o u t  t h e  l a t e s t  

f i g u r e s  a v a i l a b l e  f o r  q u a n t i t i e s  imported du r ing  t h e  ca lendar  

yea r s  1973 t o  1975. 

Table  11.5 Fresh  f r u i t  and vege tab le  imports  (1973-1975) 

Fresh f r u i t :  tonnes  3371 3327 3782 

va lue  R'000 49 2 0  4854 7346 

Fresh vege tab les :  tonnes  1 2  1 4  7 391 

va lue  R '000 20 291 554 

Tota l :  tonnes  

va lue  R'000 

Source: YAR. S t a t i s t i c a l  Handbook 1976. C e n t r a l  Planning 

Organisa t ion ,  Sana'a. Foreign Trade S t a t i s t i c s  1975. 

C e n t r a l  Bank of Yemen. 



F r u i t  i m p o r t s  i n c l u d e  s u b s t a n t i a l  q u a n t i t i e s  o f  a p p l e s ,  o r a n g e s ,  

d a t e s  and bananas .  Vege tab les  i n c l u d e  p o t a t o e s ,  tomatoes and a  

r ange  of  o t h e r s .  W h i l s t  f r u i t  i m p o r t s  have  grown modera te ly ,  

impor t s  o f  v e g e t a b l e s  have r i s e n  v e r y  s u b s t a n t i a l l y  indeed .  

Loca l  f r u i t  i s  c o n f i n e d  t o  g r a p e s ,  f i g s ,  w a t e r  and s w e e t  melons.  

Vege tab les  grown i n c l u d e  beans ,  tomatoes ,  o n i o n s ,  o k r a ,  egg p l a n t  

and peppers .  

None o f  t h e  l o c a l l y  grown c r o p s  a r e  t r a d e d  e x c e ~ t  i n  v e r y  s m a l l  

q u a n t i t i e s ,  indeed  on ions  from Har ieb  a r e  commonly t o  b e  found 

f o r  s a l e  i n  H U S ~  a 1  ~ a l a l .  

There  a r e  r e a s o n a b l e  p r o s p e c t s  f o r  i n c r e a s i n g  t h e  p r o d u c t i o n  of  

t h e s e  c r o p s  once t h e  new r o a d  t o  S a n a ' a  i s  completed. L o c a l  

v e g e t a b l e  y i e l d s  a r e  d i f f i c u l t  t o  a s s e s s  b u t  y i e l d s  of 10 t o  15  

tonnes  p e r  h a  shou ld  e a s i l y  b e  r e a l i s e d  and would be  a  

s u b s t a n t i a l  i n c r e a s e  on p r e s e n t  l e v e l s .  

Other  c r o p s  t h a t  a r e  c o n s i d e r e d  f o r  f u t u r e  p r o d u c t i o n  i n  t h e  Wadi 

~ b i d a  i n c l u d e  p u l s e s  and groundnuts .  

11.2.4 P u l s e s  

P r o d u c t i o n  i n  t h e  p r o j e c t  a r e a  of  p u l s e s  i s  v e r y  s m a l l  and i s  

conf ined  t o  beans  f o r  use  g r e e n .  The l o c a l  ~ o p u l a t i o n  i s  n o t  

i n c l i n e d  t o  consume ~ u l s e s  e x c e p t  f o r  s m a l l  q u a n t i t i e s  of  

fenugreek.  

Impor ts  i n t o  t h e  Yemen of  d r i e d  p u l s e s  appear  t o  be v a r i a b l e ,  a s  

shown i n  T a b l e  11 .6 .  



Table  11.6 I m p o r t s  of d r i e d  p u l s e s  (1973-1975) 

Dr ied  p u l s e s :  t o n n e s  335 1417 796 

v a l u e  R v O O O  439 1751 1484 

Source: YAR S t a t i s t i c a l  Handbook 1976. C e n t r a l  P lann ing  

O r g a n i s a t i o n ,  Sana 'a .  F o r e i g n  Trade  S t a t i s t i c s .  

1975 C e n t r a l  Bank of Yemen. 

Market p r o s p e c t s  a r e  good f o r  a v a r i e t y  o f  p u l s e s  i n  t h e  Yemen 

i n c l u d i n g  k idney ,  h a r i c o t ,  broad and o t h e r  beans  and l e n t i l s .  

Groundnuts 

A s  shown i n  t h e  s e c t i o n  on s e s a m e , v e y e t a b l e  o i l  impor t s  i n t o  

n o r t h  Yemen a r e  s u b s t a n t i a l  and r e c e n t l y  an  o i l  e x t r a c t i o n  p l a n t  

has  been e s t a b l i s h e d  a t  Ta iz .  I n  a d d i t i o n  groundnuts  a r e  p o p u l a r  

i n  t h e  main consumption c e n t r e s .  

P roduc t ion  o f  b o t h  p u l s e s  and groundnuts  would however depend 

upon good y i e l d s .  N e v e r t h e l e s s  legumes cou ld  b e  j u s t i f i e d  on a 

s m a l l  s c a l e  f o r  r o t a t i o n a l  purposes  and would r e d u c e  t h e  need 

f o r  n i t r o g e n  f e r t i l i s e r .  

11.3 PROJECT AREA MARKETING 

P r i v a t e  commercial a c t i v i t y  i s  w e l l  e s t a b l i s h e d  i n  t h e  R e p u b l i c ' s  

main c e n t r e s  and most r u r a l  a r e a s  have  a c c e s s  t o  t h e  commercial 

s e c t o r  t o  a  g r e a t e r  o r  lesser degree .  

The p r o j e c t  a r e a  i s  p h y s i c a l l y  i s o l a t e d  from t h e  main c o n s u m ~ t i o n  

c e n t r e s  and t r a d e  i s  d i r e c t e d  mainly  t o  Wadi Najran  i n  Saudi  

Arabia.  T h i s  a p p l i e s  both  t o  e x p o r t s ,  p a r t i c u l a r l y  wheat  and 



imports  inc lud ing  v e h i c l e s ,  f u e l  and machinery. A t  ~ u s u n  a 1  ~ a l a l  

t h e r e  a r e  fou r  p r i n c i p a l  merchants who o p e r a t e  independent ly  though 

t h r e e  a r e  b ro the r s .  There a r e  i n  a d d i t i o n  a number of smal l  s c a l e  

shopkeepers m o s t  of whom were o r i g i n a l l y  from o u t s i d e  t h e  Wadi 

~ b i d a ,  where t h e  a c t i v i t y  of t r a d i n g  t ends  t o  be desp ised .  The 

l e v e l  of commercial a c t i v i t y  i s  not  h igh  and t h e  q u a n t i t y  and 

range of goods r e t a i l e d  i s  a t  p r e sen t  l i m i t e d .  A s  i l l u s t r a t e d  i n  

t h e  s e c t i o n  on farm budgets  n e t ,  d i sposab le  income i s  no t  substan-  

t i a l ,  d e s p i t e  t h e  high investment of r e c e n t  y e a r s  and t h e  high 

p r i c e s  paid  f o r  c a s h  c rops .  

Very few i tems a r e  s o l d  d i r e c t l y  by producers  who g e n e r a l l y  d e a l  

wi th  t h e  l o c a l  r e t a i l e r s  o r ,  f o r  l a r g e r  q u a n t i t i e s ,  w i th  t h e  

merchants. The t r a d i n g  p a t t e r n  i n  t h e  a r e a  does  provide f o r  a 

reasonable  degree  of compet i t ion  though merchant c r e d i t  f o r  cap i -  

t a l  and ope ra t ing  c o s t s  does  mean t h a t  t h e r e  i s  a tendency f o r  

producers  t o  r e g u l a r l y  d e a l  w i th  one o r  o t h e r  of t h e  merchants. 

I t  i s  p o s s i b l e  however t o  s e t t l e  d e b t s  i n  c a s h  r a t h e r  than  i n  

kind.  The merchants have over  a per iod of t ime  e s t a b l i s h e d  a 

range  of  c o n t a c t s  i n  bo th  t h e  Yemen and Saudi  Arabia .  

Wheat i s  mainly t r aded  w i t h  o t h e r  merchants i n  Wadi Najran and 

sesame seed and o i l  t ends  t o  be so ld  t o  Sana ' a  and Taiz  i n  t h e  

Yemen i t s e l f .  Other  g r a i n s ,  f r u i t  and v e g e t a b l e s  a r e  no t  

handled except  i n  t h e  s m a l l e s t  q u a n t i t i e s  a lmost  a l l  f o r  l o c a l  

consumption. The bulk of produce s o l d  i s  done s o  wi th in  a month 

of ha rves t  t o  a l l ow f o r  c r e d i t  payments, Zakat t a x  where pa id  

t o  Government and t o  p rov ide  f o r  immediate cash  needs. Wheat i s  

t r aded  mainly du r ing  February and March, sesame du r ing  J u l y  and 

August. The fa rmers  met by t h e  s tudy team n e v e r t h e l e s s  d i d  show 

an awareness of t h e  va lue  of s e l l i n g  l a t e r  when l o c a l  p r i c e s  

were h igher ,  and s a i d  t hey  d i d  s o  a s  f a r  a s  p o s s i b l e .  The a r e a ' s  

d r y  c l ima te  and freedom from any s e r i o u s  p e s t s  of s t o r e d  g r a i n  

makes t h i s  p o s s i b l e  and s t o r a g e  l o s s e s  would appear  t o  be very 

s l i g h t .  Merchants do n o t  c o l l e c t  produce from farms but  



producers  b r i n g  t h e i r  s u r p l u s e s  t o  t h e  main c e n t r e  of ~ u s u n  

a 1  ~ a G l .  

Records of q u a n t i t i e s  and ~ r i c e s  of produce t r a d e d  i n  t h e  a r e a  

do n o t  e x i s t .  I t  would appear ,  however, t h a t  p r i c e s  vary  

cons iderab ly  from season  t o  season and w i t h i n  each season.  There  

a r e  no p r i c e  d i f f e r e n t i a l s  f o r  t h e  v a r i o u s  q u a l i t i e s  of wheat 

though it i s  conceded t h a t  some v a r i e t i e s  a r e  p r e f e r r e d  t o  o t h e r s .  

The c rop  p r i c e s  a l r e a d y  quoted were de r ived  from informat ion  

supp l i ed  by l o c a l  merchants and a sma l l  number of farmers  l o c a l  

P r i c e s  a r e  high and a r e ,  i n  some c a s e s ,  two o r  t h r e e  t i m e s  world 

p r i c e s .  The l a r g e  d i f f e r e n c e  between l o c a l  ~ r i c e s  and world 

market n r i c e s  of c e r t a i n  c rops  i s  n o t  s o l e l p  l i m i t e d  t o  wadi Abida 

b u t  i s  found throughout  most of t h e  country .  The Sana 'a  t o  Ma ' r ib  

road i s  scheduled f o r  completion i n  1978 t h u s  provid ing  good 

communications w i t h  t h e  c a p i t a l ,  g r e a t e r  a v a i l a b i l i t y  of goods 

and more compe t i t i ve  p r i c i n g .  Th i s  easy acces s  t o  t h e  c a p i t a l  

coupled w i t h  i n c r e a s e d  c rop  product ion i n  Vadi ~ b i d a  w i l l  t end  t o  

lower p r i c e  l e v e l s  r e g a r d l e s s  of whether t h e r e  i s  o r  i s  n o t  a 

p r o j e c t .  The  rice l e v e l s  g iven  i n  Table  11.7 a r e  an a t temnt  t o  

e s t a b l i s h  r e a l i s t i c  c rop  va lues  f o r  farm budgets  and t h e  p r o j e c t  

a n a l y s i s  b u t  s t i l l  ma in ta in ing  a premium over world market n r i c e s  

f o r  l o c a l  produce. 

Table  11.7 Crop p r i c e s  i n  Wadi AbFda (1976-1977) 

R i a l s  per tonne 
- - 

l 

Crop Local Merchant P r i c e  used i n  
p r i c e  range farm budget 

Wheat 2 325 - 3 100 

Bar ley  1 400 - 2 010 

Sorghum 850 - 1 1 4 0  

Maize 1 7 0 0  - 1 9 9 5  

Sesame Seed 2 500 - 5 4 0 0  

Sesame O i l  R / L i t r e  10 - 2 2  

Source: Informat ion from l o c a l  merchants and fa rmers .  
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Sesame ~ r i c e s  i n  p a r t i c u l a r  a r e  extremely v a r i a b l e  p o s s i b l y  

r e f l e c t i n g  l a r g e  f l u c t u a t i o n s  i n  supply.  Wheat p r i c e s  have 

been f a l l i n s  d u r i n g  t h e  p a s t  t h r e e  y e a r s ,  i n  common wi th  those  

i n  o t h e r  p a r t s  of t h e  count ry  and i n  t h e  world markets ,  a l though 

t h e  f a l l s  have been less than  elsewhere.  

Prices f o r  o t h e r  c rops  were n o t  a v a i l a b l e  wi th  t h e  except ions  of :  

Maize cobs: R1.30 f o r  f o u r  

Onions (from Har i eb ) :  RI 600 p e r  tonne 

Water melons: R 2  t o  10 each.  

Merchants i n d i c a t e d  t h a t  they  would welcome and be a b l e  t o  d i s p o s e  

of l a r g e r  q u a n t i t i e s  t h a n  a t  p re sen t  i n  p a r t i c u l a r  of wheat and 

o t h e r  g r a i n s  and of sesame. 

There i s  very  l i t t l e  t r a d e  i n  luce rne  a l though it was r e p o r t e d  

t h a t  smal l  q u a n t i t i e s  a r e  s o l d  t o  t h e  Bedouin. 

1 1 . 4  LIVESTOCK MARKETING 

A s  s t a t e d  i n  t h e  c h a p t e r  on l i v e s t o c k  t h e  p r e s e n t  popula t ion  of  

animals i s  i n  a  d e l i c a t e  equi l ib r ium w i t h  t h e  n a t u r a l  r e sources  

and a r a b l e  fodder  a v a i l a b l e .  Any s i g n i f i c a n t  i n c r e a s e  should 

be  i n  conjunct ion  wi th  inc reased  ou tpu t  from t h e  a g r i c u l t u r a l  

s e c t o r  and t h e r e f o r e  t h e  prospec t  of i n c r e a s i n g  ou tpu t  from t h e  

Wadi ~ b i d a  f o r  s a l e s  i s  l imi t ed .  Cash s a l e s  a t  p re sen t  a r e  

confined t o  camels and smal l  numbers of sheep and goa ts .  P r i c e s  

a r e  high a s  e lsewhere i n  t h e  ~ e p u b l i c .  Camels used mainly 

f o r  breeding may f e t c h  from R 2  000 t o  R 9  000 each,  sheep i n  e a r l y  

1977 w e r e  being s o l d  f o r  R230 t o  R 4 0 0  each and goa t s  from R 1 0 0  t o  

R300. Young s tock  a r e  predominantly used f o r  home consumption and 

t h i s  i s  r e f l e c t e d  i n  t h e  p r i c e s  used f o r  t h e  farm budgets of R250 

f o r  sheep and R150 f o r  goa ts .  

11.5 CONCLUSIONS 

The p resen t  marketing system does appear t o  ope ra t e  w e l l  bo th  f o r  



i m p o r t s  t o  and e x p o r t s  from t h e  p r o j e c t  a r e a .  There  would apnear  

t o  b e  l i t t l e  need f o r  i n t e r f e r e n c e  i n  t h e  sys tem w i t h  t h e  

e x c e p t i o n  o f  p r o v i d i n g  an  a l t e r n a t i v e  s o u r c e  of  c r e d i t ,  from t h e  

Yemen A q r i c u l t u r a l  C r e d i t  Bank, a s  recommended i n  Chap te r  9 .  



CHAPTER 1 2  

FARM BUDGETS 

1 2 . 1  INTRODUCTION 

Farm budgets a r e  

- 4.0 ha farm 

- 5.0 ha farm 

- 5.0 ha farm 

c a l c u l a t e d  f o r  

i r r i g a t e d  from 

i r r i g a t e d  from 

comprising 4.0 

water  and 1 .0  ha i r r i g a t e d  

t h r e e  farm models: 

groundwater on ly ,  

se i l -water  on ly ,  

ha i r r i g a t e d  by ground- 

by se i l -water .  

There a r e  l i k e l y  t o  be wide v a r i a t i o n s  from t h e s e  models, bu t  they 

a r e  considered t o  be s u f f i c i e n t l y  t y p i c a l  t o  form a b a s i s  f o r  an 

examination of farm budgets.  For reasons given elsewhere i n  t h e  

r e p o r t  it was no t  p o s s i b l e  t o  undertake a farm survey i n  t h e  p r o j e c t  

a rea .  Indeed c e r t a i n  important a r e a s  of production w e r e  c losed 

e n t i r e l y  t o  t h e  s tudy team. The d a t a  used a r e  t h e r e f o r e  only approx- 

imate and the  f i g u r e s  a r r i v e d  a t  can only provide a very genera l  

i d e a  of t h e  present  and f u t u r e  l e v e l s  of farm income. 

Crop p r i c e s  received by producers i n  the  a rea  vary considerably.  
The d a t a  c o l l e c t e d  shows t h a t  l o c a l  p r i c e s  a r e  considerably i n  

excess  of world p r i c e s ,  which i s  thought t o  be a r e f l e c t i o n  of t h e  

comparative i s o l a t i o n  of t h e  Study Area. I t  i s  assumed t h a t  with  

t h e  completion of t h e  Sana'a t o  Ma'rib road , loca l  p r i c e s  w i l l  f a l l  

i n t o  l i n e .  P r i ces  have been adopted, t h e r e f o r e ,  which a r e  based 

on world p r i c e s  with  a c o r r e c t i o n  f o r  l o c a l  t r a n s p o r t a t i o n  and hand- 

l i n g  charges. These p r i c e s  which a r e  presented i n  Chapter 11 a r e  

used throughout t h e  Report f o r  eva lua t ions  of both p resen t  and 

f u t u r e  condi t ions .  

Livestock a r e  so ld  only i n  smal l  numbers i n  t h e  p r o j e c t  a rea ,  and 

t t h e  value of production f o r  a l l  ou tput ,  inc luding  home consumption, 

is set  a t  t h e  p r e v a i l i n g  l o c a l  l e v e l .  Animals used f o r  home con- 

sumption a r e  genera l ly  young s tock which command 

value and t h i s  i s  r e f l e c t e d  i n  t h e  average p r i c e  

11. 

a lower marketable 

used, r e f e r  Chapter 



I n  t h e  fol lowing Sec t ions  t h e  d i sposab le  incomes of farmers  

o p e r a t i n g  i n  t h e  t h r e e  i d e n t i f i e d  farm models i s  c a l c u l a t e d  f o r  t h e  

p r e s e n t  s i t u a t i o n  and t h e  f u t u r e  "wi th-pro jec t"  and "without-  

p r o j e c t "  s i t u a t i o n s .  

12.2 PRESENT SITUATION 

12.2 .1  I n p u t s  

The b a s i s  of  t h e  e s t i m a t e s  of t h e  a g r i c u l t u r a l  i n p u t s  which have 

been q u a n t i f i e d  f o r  i n c l u s i o n  i n  t h e  c a l c u l a t i o n  of  t h e  c rop  g r o s s  

margins a r e  p resen ted  below. 

(i) T r a c t o r  work 

A f i g u r e  of YR 4 1  p e r  t r a c t o r  hour i s  adopted.  This  is  i n  

c o n t r a s t  t o  t h e  p r e s e n t  r a t e s  f o r  t r a c t o r  h i r e  of YR25 p e r  

hour f o r  cash and YR35 p e r  hour f o r  seasona l  c r e d i t ,  and rep- 

r e s e n t s  t h e  r e a l  c o s t  a s  de r ived  i n  Table 12.1. 

Mechanical c u l t i v a t i o n s  a r e  p r e s e n t l y  conf ined t o  l and  pre-  

p a r a t i o n  and t h r e s h i n g  by running a  t r a c t o r  and heavy po le  

over  t h e  crop a f t e r  it i s  c u t .  Three furrow d i s c  ploughs 

a r e  used t o  p repare  ground f o r  t h e  w in t e r  crop followed by 

one s p r i n g  tyne c u l t i v a t i o n  t o  provide a  f i n e r  seedbed. 

Summer crops  commonly r e c e i v e  on ly  one s p r i n g  tyne  c u l t i v a t i o n .  

Leve l l i ng  i s  a l s o  c a r r i e d  o u t  on s e i l  i r r i g a t e d  f i e l d s .  The 

sma l l  b a s i n s  used i n  w e l l  a r e a s  a r e  cons t ruc t ed  and l e v e l l e d  

by hand. Table 1 2 . 2  sets ou t  t h e  f i g u r e s  assumed f o r  t r a c t o r  

use  and c o s t  f o r  each crop.  

(ii) I r r i g a t i o n  water  

Pumped water  i n  t h e  Wadi ~ b I d a  is  r e l a t i v e l y  expensive a t  

1 1 . 4  f i l s  p e r  m ( l)  . The use  of unneces sa r i l y  h igh  powered 

(1) Adopting a  c o s t  t h a t  exc ludes  replacement,  r e f e r  Annex I V .  
The reason i s  t h a t  t h e  w e l l s  are l a r g e l y  f inanced  by r emi t t ed  
income f o r  which a t  p r e s e n t  t h e r e  is  l i t t l e  a l t e r n a t i v e  i nves t -  
ment opportuni ty .  



Table  1 2 . 1  

T r a c t o r  c o s t s  

I t e m  

T r a c t o r  

Dep rec i a t i on  R 61 4 0 0  - 8 000 hours  (1) 

I n t e r e s t  10% 
Fuel  8.2 l i t r e s / h o u r s  - R0.65 / l i t r e  
O i l ,  f i l t e r s  and f a n  b e l t s  
Tyres ,  1 set p e r  1 500 hours  - R5 910 
Repa i r s  100% va lue  - 8 000 hours  

Dr ive r  

25% o f  p r e s e n t  R25 h i r e  r a t e  

3  furrow d i s c  plough, 9  t y n e  
c u l t i v a t o r ,  s c r a p e r  b l ade :  

Deprec ia t ion  R20 5000 - 9 000 hours  
I n t e r e s t  10% 
Repa i r s  + maintenance 5% v a l u e  p. a .  

Sub - to t a l  

TOTAL 
.- p 

Source: HTS e s t i m a t e s  

Cost  i n  
YR Jhr/ha 

7.68 
4.09 
5.33 
0.75 
3.94 
7.68 

Notes: 1) A s  t r a c t o r s  a r e  sha red  and h i r e d  and have a  com- 
p a r a t i v e l y  s h o r t  l i f e  t h e i r  f u l l  c o s t  i n c l u d i n g  
replacement i s  inc luded .  

Table  12.2 

Durat ion and c o s t  of t r a c t o r  o p e r a t i o n s  

on of t r a c  
c u l t i v a t e  

1 .5  
1 .5  
1 . 5  
1 .5  
1 .5  - 
1 . 5  

0 . 4  

Crop 

Wheat ( w e l l )  
Wheat ( s e i l )  
Bar ley  
Sorghum ( s e i l )  
Maize 
Sesame 
Vegetables  
Orchard 
Lucerne (1) 

)r use 
l e v e l  

- 
1 .5  - 
1 . 5  - 
- 
- 
- 

m a t  
plough 

2 . 0  
2 . 0  
2 . 0  
2 . 0  - 
1.5 
2.0 
1.0 
0 .5  

Unit  Rate Cost 

185 
205 

4 1  

Source:  HTS e s t i m a t e s  
(1) over  a f o u r  y e a r  c rop  l i f e .  



eng ines  and l a r g e  c a p a c i t y  pumps c o n t r i b u t e s  t o  t h e  r e l a t i v e l y  h igh  

c o s t .  I t  i s  assumed t h a t  c rops  r e c e i v e  less w a t e r  t h a n  t h e  f i g u r e s  

g iven  f o r  c rop  usage i n  Chapter  8 ,  b u t  no a c c u r a t e  wa t e r  a p p l i c a t i o n  

measurements w e r e  p o s s i b l e .  The c o s t  o f  wa t e r  from t h e  se i l  can 

o n l y  b e  guessed a t  p r e s e n t .  A f l a t  r a t e  charge  o f  YR150 p e r  ha  

h a s  been used i n  t h e s e  farm budgets .  The c o s t  a r i s e s  from payment 

f o r  t h e  c o n s t r u c t i o n  o f  t h e  main ho ld ing  and d i v e r s i o n  bunds i n  

t h e  Wadi. Charges a r e  l e v i e d  on a l l  who b e n e f i t  i n  p r o p o r t i o n  t o  

t h e  a r e a  of  land t h e y  c u l t i v a t e  which u s e s  wa te r  from t h e  seil .  

Tab l e s  12.3  and 12.4 p r e s e n t  t h e  assessment  o f  c u r r e n t  wa te r  useage 

and c o s t s .  

Table 12.3 

Expendi tu re  on se i l  i r r i g a t i o n  

1) Refer  S e c t i o n  12.2.1 and Annex I V  

Crop 

Wheat 

Sorghum 

Table  12.4 

5 

Barley 
Sesame 
Maize 
Lucerne 
e g e t a b l e s  

Orchards i 

- 

Rate ( l)  
YR/ha 

150 

150 

Abs t r ac t i on  
m3/ha (l) 

7625 
7625 
8325 
9913 

26313 
l1000 
17450 

Cost  
YR/ha 

150 

150 

Notes : - 
1) Assuming a b s t r a c t i o n  of  1.25 X 

consumptive u se ,  which a l lows  f o r  

p r o v i s i o n .  0.7 of  consumptive u s e  

a t  an  o v e r a l l  e f f i c i e n c y  of  56%. 

F igu re s  from Ch. 8. 



(iii) Conta iners  

Crops a r e  s t o r e d  when f u l l y  d ry  i n  sacks  of  g e n e r a l l y  good 

qua l i t y , and  s t o r a g e  l o s s e s  a r e  low. A 90 kg sack c o s t s  YR3.90 

and it has  been assumed t h a t  t h e y  have a  l i f e  of  t h r e e  years .  

Tables  12.5 and 12.6 show t h e  q u a n t i t i e s  and c o s t s  of  con ta ine r s  

f o r  s e i l  and w e l l  i r r i g a t e d  c rops  r e s p e c t i v e l y .  

Table 12.5 

Cost of c o n t a i n e r s ,  se i l  i r r i g a t e d  crops  

F o p  I Number 1 R;;e 1 yk7;i 
of con- 

t 

Table 12.6 

t a i n e r s  
pe r  ha 

Wheat 

Sorghum 

Cost of con ta ine r s ,  w e l l - i r r i g a t e d  crops  

Crop Number Rate 
of con- YR 

10 

10 

t a i n e r s  
pe r  ha 

Wheat 23 1 .3  

Barley 17 1 .3  

Sesame 6  1.3 

Maize 17 1.3 

( i v )  Seed 

1 .3  

1 ..3 

No c o s t s  a r e  included f o r  seeds .  The c u r r e n t  p r a c t i c e  i s  f o r  

farmers t o  r e t a i n  a  p ropor t ion  of  t h e i r  crop f o r  nex t  y e a r ' s  

seed.  I t  i s  a n t i c i p a t e d  t h a t  t h i s  p r a c t i c e  w i l l  con t inue  and 

t h e  y i e l d  f i g u r e s  con ta in  an allowance f o r  r e t e n t i o n  of  an 

13 

13 



appropriate proportion for seed. 

Fertilisers and agricultural chemicals 

No fertilisers or chemicals are used at present so no costs 

are included in the present farm budgets. 

Labour 

No labour costs have been included since in most cases labour 

is provided by the family alone. Kired labour is both 

expensive, at YR35 for six hour day, and extremely difficult 

to obtain. 

(vii) Zakat 

Zakat is a tax of religious origin which is levied on the 

basis of crop value. It is customarily 5% for well irrigated 

land and 10% for seil irrigated crops. It is tax theoretically 

payable in cash or kind to Government, but producers often 

pay directly to the poor areas instead. Zakat tax is self 

assessed and no checks are made on these assessments. It 

is also chargeable on livestock at the following rates: 

YRlOO for every 40 sheep and goats 

YRlOO for every 5 camels 

The farm budgets have not taken Zakat into account, it being 

considerea here as a payment out of the farmers' disposable 

income. 

12.2.2 Gross crop revenue 

* 

Crop yields are derived from the study team's estimates (Chapters 

5 and 7), and though there is variation between the seasons, the 

figures used are considered to reflect the present position. 

Price data are scanty and there is without doubt considerable 

variation between and within seasons. The derivation of the prices 

used in the farm budgets is discussed in Chapter 11. 



Table 12.7 p r e s e n t s  t h e  y i e l d  and p r i c e  d a t a  and t h e  e s t i m a t e  

o f  g r o s s  revenue f o r  each c rop  and i r r i g a t i o n  method. 

Table 12.7 

Crop g r o s s  revenue 

e i l  i r r i g a t i o l  

Sorghum 

Wheat 

Barley 

Sesame 

Maize 

Lucerne 

Vegetables  

Orchard 

Yield  
onne/ha 

P r i c e  
IR/tonne 

Gross 
Revenue 

YR/ha 

Notes : 

1) Green m a t t e r  

2 Not va lued  i n  farm budgets  a s  it i s  on ly  

an i n t e rmed ia t e  c rop  used a s  fodder  f o r  

t h e  l i v e s t o c k .  

12.2.3 Crop g r o s s  margins 

Table 12.8  p r e s e n t s  t h e  g ros s  margins f o r  t h e  c rops  grown under  

both i r r i g a t i o n  methods. Input  d a t a  is  de r ived  from 12.2.1 and 

revenue from 12.2.2. 



S e i l  i r r i g a t i o n  

Wheat 

Sorghum 

Wheat 

b a r l e y  

sesame 

maize 

lucerne  

vege tab l e s  

o rchard  

Table 12.8 

Crop g r o s s  margins 

Product  
r r a c t o r  Water 

on c o s t  
Con- 

:a iners  

Y R/ha 
Ferti- 
lisers 

T o t a l  
Gross 
Margin 
YR/ha 

941 

482 

1916 

874 

231 

586 

-2337 

2352 

3220 

Notes: 

1) Lucerne i s  an i n p u t  t o  l i v e s t o c k  through which i t s  va lue  i s  der ived .  



Table  12.9 

L i v e s t o c k  v a l u e s  f o r  each  farm model 

Livestock/Farm t y p e  

Flock s i z e  no. 

Annual o f f t a k e  no. 

a l u e  a t  R250 e a .  

Goats 

Flock s i z e  no. 

Annual o f f t a k e  no. 

Value a t  R150 e a .  

Came 1s 

Flock s i z e  no.  

Annual o f f t a k e  no. 

Value a t  R4 000 e a .  

I ~ o t a l  v a l u e  o f  l i v e -  

istock p r o d u c t i o n ,  R 

W e l l  S e i l  W e l l  and 
se i l  (1) + 

Source : HTS e s t i m a t e s  

Note: (1) The l i v e s t o c k  numbers on t h e  w e l l  and 

se i l  i r r i g a t e d  farms a r e  an  approximate 

average  o f  t h e  numbers on t h e  o t h e r  t w o  

t y p e s  o f  farms. 



1 2 . 2 . 4  Livestock 

I n  common wi th  t h e  rest of Yemen Arab Republic, l i v e s t o c k  p r i c e s  

a r e  very high.  High incomes from employment, e s p e c i a l l y  i n  Saudi 

Arab ia ,  and a d i s t i n c t  p re fe rence  f o r  mutton account  f o r  t h i s .  

I n  t h e  p r o j e c t  a r e a  sheep p r i c e s  vary from YR200 t o  YR500 and 

from YRlOO t o  YR300 f o r  goa t s .  The average f i g u r e s  assumed a r e  

sheep YR250 and goa t s  YR150. Camel p r i c e s  vary between YR2 000 

and YR9 000 and a median p r i c e  of  YR4 000 has  been assumed. Flock 

s i z e s  and o f f t a k e  f i g u r e s ,  which a r e  der ived  from t h e  d a t a  a v a i l -  

a b l e  and probable  b i r t h  and m o r t a i l i t y  r a t e s ,  a r e  se t  o u t  i n  Table 

12.9 f o r  t h e  t h r e e  farm models. 

Although no lucerne  i s  grown on se i l  farms they  have l a r g e r  f l o c k s  

than  w e l l  i r r i g a t e d  farms because of  t h e i r  c l o s e r  proximity  t o  

n a t u r a l  browse. W e l l  i r r i g a t e d  farms a r e  g e n e r a l l y  s i t u a t e d  i n  

a r e a s  where t h e r e  i s  l i t t l e  n a t u r a l  browse c loseby ,  and t h e r e f o r e  

t hey  a r e  mainly dependant on t h e  lucerne  and c rop  r e s i d u e s  pro- 

duced f o r  animal feed.  

12.2.5 P re sen t  farm income 

Tables  1 2 . 1 0 ,  1 2 . 1 1  and 12.12 show t h e  e s t i m a t e s  of  t h e  p r e s e n t  

farm incomes f o r  t h e  t h r e e  farm models. The incomes f o r  each a r e :  

- 4 . 0  ha w e l l - i r r i g a t e d  farm : YR7085/an 

(YR177l/an/ha n e t  CCA) 
- 5.0 ha se i l  i r r i g a t e d  farm : YR7567/an 

(YR1513/an/ha n e t  CCA) 
- 5.0 ha w e l l  and s e i l  i r r i g a t e d  farm : YR 8724/an 

(YR1745/an/ha n e t  CCA) . 

These f i g u r e s  exclude Zakat and d e p r e c i a t i o n  of pumps, motors and 

w e l l s  and labour .  Zakat i s  s e l f - a s s e s s e d ,  and it i s  n o t  n e c e s s a r i l y  

r i g o r o u s l y  paid .  Most farmers  ope ra t ing  holdings  s i m i l a r  t o  t h e s e  

models would be l i a b l e  t o  a Zakat t a x  of about YR500/an. The 

d e p r e c i a t i o n  c o s t  of a t y p i c a l  w e l l  i s  about YR6500/annum, r e f e r  

t o  Annex I V .  C lea r ly  t h e  farmers  a r e  n o t  budgeting f o r  t h i s  a s  



t h e  n e t  r e t u r n s  would t hen  be  n e g l i g a b l e .  

Table  12.10 

P r e s e n t  income, 4.0 h a  w e l l - i r r i q a t e d  farm 

Notes : 

1) W: Winter  c rop ,  S: Summer c r o p ,  P: P e r e n n i a l  c rop  

Farm e n t e r p r i s e  

CROP PRODUCTION (l)  

Wheat W 

Ba r l ey  W 

Sesame S 

Maize S 

Lucerne P 

Vege tab les  S 

Orchard P 

Sub - to t a l ,  c rops  

LIVESTOCK 
PRODUCTION 

Sheep 

Goats 

p u b - t o t a l ,  L ives tock  

2 )  Lucerne is  produced f o r  l i v e s t o c k  consumption o n l y ,  and t h e  

c o s t  o f  p roduc t ion  i s  h e r e  i n t e r n a l l y  charged t o  t h e  c r o p  

e n t e r p r i s e s .  

Farm Income 
YR/annum 

3832 

175 

277 

234 

-935 ( 2 )  

94 

258 

3935 

1500 

16 50 

3150 

Gross Margin 
YR/ann/ha 

1916 

874 

231 

586 

-2337 (2  

2352 

3220 

- 

Value 
Y ~ / a n i m a l  

250 

150 

- 

Area- - 

% 

50 

5 

30 

10 

10 

1 

2 

120 

ha  

2.00 

0 .20 

1 .20  

0.40 

0 . 4 0  

0 04 

0.08 

Annual 
O f  f t a k e  No. 

6 

11 



T a b l e  1 2 . 1 1  

P re sen t  i n c o m e ,  5 .0  ha s e i l  i r r i g a t e d  f a r m  

' a r m  en te rpr i se  

:ROP PRODUCTION (1) 

Wheat 
S o r g h u m  

lub-total crops 

JVESTOCK 
PRODUCTION 

Sheep 
G o a t s  
C a m e l s  

,ub-total  l ives tock 

'OTAL FARM INCOME 

N o t e s :  
1) W: W i n t e r  crop, 

F a r i n  i n c o m e  

A r e a  
% ha 

10 0 .5  
6 0  3.0 

A n n u a l  
kfftake N o .  

G r o s s  M a r g i n  
Y R / a n n / h a  

9 4 1  4 7 1  
4 8 2  1 4 4 6  

1917  

value l 

S: S u m m e r  crop. 



Table 12.12 

P r e s e n t  income, 5.0 ha w e l l  and s e i l  i r r i g a t e d  farm 

Farm e n t e r p r i s e  I 
Wheat W 
Bar ley ( 2 )  W 
Sorghum S 
Sesame S 
Maize S 
Lucerne P 
Vegetables S 

l 

CROP PRODUCTION ( l )  

LIVE STOCK 
PRODUCTION 

orchard P 
Sub-tota l  c rops  

I Annual I Value 

A r e  a 
% ha 

Gross Margin 
YR/ann/ha 

2 0.08 
109 

3220 

Sheep 
Goats 

Farm income 
YR/annum 

Camels 

Off take No. 
8 

1 4  

Notes : 
1) W: Winter c rop ,  S: Summer c rop ,  P: Pe renn ia l  c rop  

Y R/an ima l 
2 50 
150 

Sub-total  l i v e s t o c k  I 
0 . 1  

TOTAL FARM INCOME 

2 1 Sorghum grown on s e i l  i r r i g a t e d  a r e a  on ly  

4000 

8724 

3 ) Lucerne i s  produced f o r  l i v e s t o c k  consumption on ly ,  and 

t h e  c o s t  of  product ion i s  h e r e  i n i t i a l l y  charged t o  t h e  

crop e n t e r p r i s e s .  



12.3 FUTURE "WITH PROJECT" SITUATION 

Incomes have been estimated for the three farm models at full 

development of the project. These budgets take into account 

the increased production per unit area resulting from better 

cultural methods and the introduction of new crops and varieties 

as suggested in Chapter 7. Further mechanisation, which will 

lead to increased production per unit area and will also free 

labour for other activities, is assumed a necessary feature of 

the future situation. 

12.3.1 Future inputs "with project" 

The cost and price estimates are the same as those used for 

calculating the farm gross margins in the present situations 

except where the more efficient use of machinery can be expected 

to reduce costs. 

(i) Machinery 

Costs and usage are given in Table 12.13 exclusive of 

pumping machinery. During development of the project 

tractor usage is reduced by the replacement of the 

disc plough with the tine cultivator now used after 

ploughing. Two runs of this equipment is assumed for 

wheat and one for the crops planted in the summer. 

To reduce the labour peaks and to facilitate later 

weeding, row planing is proposed. Improved threshing 

equipment is assumed, though at no extra tractor input. 

At full development it is assumed that wheat is combine 

harvested. Tractor costs remain at R41 per hour and 

combine costs are set at R100 per hour. 



Table 12.13 

Mechanisation Reauirements and Costs at full development 

Crop 

Seil-irrigated 
Wheat 
Sorghum 
Sesame 
Vegetables 

Well-irrigated 
Wheat 
Maize 
Sesame 
Vegetables 
Orchard 
Lucerne 

Tractor operations, hours/ha (1) 

ridge 

(ii) Irrigation water 

Groundwater abstraction will continue to be the respons- 

ibility of the farmers who will still employ the current 

technology. Thus the cost of water will remain at 11.4 
3 fils/m . The surface supplies will be the responsibility 

of the Project, who will charge for the water. The 

economic charge for the water is discussed in the Main 

Report, and is largely a matter of Government policy. 

Consequently no costs are included for surface water at 

this point. It is also assumed at this point that no 

groundwater abstraction is necessary in the conjunctive 

use areas, which is the usual case, and thus no water 

costs arise here either. 

Table 12.14 shows the expenditure required for groundwater 

abstraction in the groundwater only areas. 



Table  12.14 

E x p e n d i t u r e  on Groundwater I r r i q a t i o n  

Crop 

Wheat 
Maize 
Sesame 
Vege tab les  
Orchard 
Lucerne 

Notes : 
1) Assuming a p p l i c a t i o n  o f  t h e  c r o p  consumption u s e  a t  

an o v e r a l l  e f f i c i e n c y  of 75% which means t h a t  more 

w a t e r  w i l l  b e  a p p l i e d  t o  t h e  c r o p s  i n  t h e  f u t u r e ,  

b u t  t h a t  t h e  e f f i c i e n c y  o f  a p p l i c a t i o n  w i l l  have 

improved. 

2 )  Adopting a c o s t  t h a t  e x c l u d e s  r e p l a c e m e n t ,  Annex I V .  

(iii) C o n t a i n e r s  

A t  f u l l  development more s a c k s  a r e  r e q u i r e d  f o r  c e r e a l  

s t o r a g e  because  o f  t h e  i n c r e a s e d  o u t p u t .  Allowance is  

a l s o  made f o r  c o n t a i n e r s  f o r  f r u i t  and v e g e t a b l e s  as 

some o f  t h e  o u t p u t  w i l l  b e  s o l d .  The c o s t s  o f  c o n t a i n -  

ers a r e  shown i n  Tab les  12.15 and 12.16.  

Table  12 .15  

C o s t s  o f  C o n t a i n e r s  f o r  S e i l  I r r i g a t e d  Crops 

Note : 
1) I n c l u d e s  e l e m e n t s  f o r  l a b o u r  and o t h e r  pack ing  c o s t s  

Crop 

Wheat 
Sorghum 
Sesame 

(1) Vege tab les  

Number of 
c o n t a i n e r s  p e r  h a  

29 
23 
12 

R a t e  
YR 

1 . 3, 
1 . 3  
1 . 3  

Cost  
YR/ha 

38 
30 
16 

2200 



Table 12.16 

Costs of Containers for Well Irrigated Crops 

Includes elements for labour and other packing costs 

Crop 

Wheat 
Maize 
Sesame 

(1) Vegetables 
(1) Orchard 

Lucerne 

The regular purchase of high quality seed of improved 

varieties of crops and of seed and other planting material 

of new crops will be required at full development. Estim- 

ated costs are shown in Table 12.18 for the calculation of 

crop gross margins. 

Fertilisers and agricultural chemicals 

Note: 

Number of 
containers per ha 

40 
34 
14 

0 

Some fertilisers and chemicals for seed dressings and pest 

and disease control will be required to achieve the expected 

output. Final recommendations will result from field trials 

but estimated costs, based on world prices plus transport 

and handling charges, have been included in Table 12.18. 

Labour 

Rate 
YR 

- 

1.3 
1.3 
1.3 

0 

No labour costs have been included since it is expected that 

labour will continue to be provided mainly by the family. 

Labour savings resulting from increased efficiency and mech- 

anisation, will be balanced by increased labour inputs for 

vegetable crops and other activities. 

Cost 

- 

YR/ha 

52 
44 
18 
5200 
500 
0 



(vii) Zakat 

Zakat tax is considered to be a payment out of the farmers 

disposable income and hence does not figure in the calcula- 

tion of crop gross margins. 

12.3.2 Crop gros revenue "with project" situation 

The same price levels that were used for estimating present gross 

margins have been taken for calculating future gross margins. 

Yield levels are in accordance with expected increases outlined 

elsewhere in this Annex. Table 12.17 presents the yield and price 

data and the estimate of gross revenue for each crop and irrigation 

method. 

Table 12.17 

Crop Gross Revenue at Full Development 

Notes : 
1) Lucerne yield in tonnes green matter. 

r 

Crop 

Seil irrigation 
Wheat 
Sorghum 
Sesame 
Vegetables 

Well irrigation 
Wheat 
Maize 
Sesame 
Vegetables 
Orchard 
Lucerne 

2) Lucerne not valued in farm budgets as it is only an inter- 

mediate crop used as fodder for livestock. 

Gross Revenue 
YR/ha 

3750 
2000 
2 500 
2 7 500 

5250 
3600 
3000 
65000 
2 1000 
(2 

t 

Yield 
tonneha 

2.5 
2.0 
1.0 
11.0 

3.5 
3.0 
1.2 
26.0 

-O (l) 80.0 

Price 
YR/tonne 

1500 
1000 
2500 
2500 

1500 
1200 
2 500 
2500 
3 500 
(2 



12.3.3 Crop gross margin "with project" situation 

Table 12.18 presents the gross margins for the crops grown at full 

development by seil well irrigation and by conj~nctiv~ use. Input 

data is derived for 12.3.1 and revenue from 12.3.2. 

Table 12.18 

Crop Gross Margins at Full Development 

Seil irrigated 
Wheat 
Sesame 
Sorghum 
Vegetables 

Well irrigated 
Wheat 
Sesame 
Maize 
Lucerne 
Vegetables (2  
Orchard 

bnjunctive use 
Wheat 
Sesame 
Maize 
Sorghum 
Lucerne 
Vegetables (2) 

Orchard 

Gross Gross 
Revenue Margin 

Machinery 

Production costs in YR/ha/ann 

chemicals 
Total YR/ha/ YR/ha/ + 

Notes : 
1) Lucerne not valued as it is only an intermediate crop used 

as fodder for livestock. 

2) Two crops per year. 



12.3.4 Livestock production "with project" 

Actual adult flock sizes are assumed to remain static, however an 

increase in offtake is envisaged. Crop residues and lucerne 

fodder production will increase and this in turn should give better 

feeding, resulting in increased lambing/kidding percentages 

and heavier adults for sale. At full development an increase in 

offtake numbers of 30%, over the present situation is expected. 

Further, heavier animals are anticipated and the prices used are 

therefore also higher than for the present situation. 

The value of livestock production is given for each farm model in 

Table 12.19. 

Table 12.19 

Livestock Values at Full Development 

Notes : 
1) No change in price assumed 

SHEEP 

Flock size 
Annual of ftake 
Value at YR 300 ea. 

GOATS 
Flock size 
Annual offtake 
Value at YR 180 ea. 

CAMELS 
Flock size 
Annual offtake 

(1) Value at YR 4000 ea. 

Total value of livestock 
production, YR 

Well 

12 
8 

2 400 

18 
14 
2520 

0 
0 
0 

4920 

Seil 

18 
12 
3600 

27 
21 
2780 

2.5 
0.33 
1320 

8700 

Well and Seil 

16 
l0 
3000 

24 
18 
32 40 

1.0 
0.13 
520 

6760 



12.3.5 Future farm income "with project" 

Tables 12.20, 12.21 and 12.22 show the estimates of the future 

incomes of the three farm models at full development of the 

project. The incomes for each are: 

- 4.0 ha well irrigated farm : YR 23 633/an (1) 

(YR 5 908/an/ha net CCA) (1 
- 5.0 ha seil irrigated farm : YR 22 623/an 

(YR 4 525/an/ha net CCA) 
- 5.0 ha well and seil : YR 34 766/an 

irrigated farm (YR 6 953/an/ha net CCA) 

These figures exclude Zakat, the cost of labour and certain water 

charges. Zakat is self assessed, and it is not rigorously paid. Most 

farmers operating holdings similar to these models would be liable 

to a Zakat tax of YR 1200 to YR 1500. The annual depreciation 

cost of a typical well is YR 6500, refer to Annex IV. This cost 

is excluded from the above figures. In the present situation the 

farmers clearly do not budget for this cost; but in the future, 

opportunities for alternative investment may develop leading to 

a more enlightened approach. At this stage, however, farm 

revenues will be sufficient to permit replacement. No charges are 

included for water in the well and seil irrigated farm model, this 

will be the situation is a good year when there is an average, or 

better than average, runoff from the catchment. 

1) For comparison with the other models, the farm incomes when 

water costs are excluded are YR 30,227/anI or YR 7 557/an/ 

ha net CCA. 



Table 12.20 

Income at Full Development, 4.0 ha, Well Irriqated Farm 

Farm enterprise 

CROP PRODUCTION (l) 

Wheat W 
Sesame S 
Maize S 
Lucerne P 
Vegetables W+S 
Orchard P 

I Sub-total, crops 

LIVESTOCK 
1 PRODUCTION 

Area 

Farm income 

Gross Margin 

Annual 
Off take 

Value, 
YR/animal 

- 

1) W = Winter crop, S = Summer crop, P = perennial 

Sheep 
Goats 

Sub-total, livestock 

Table 12.21 

Income at Full Development, 5.0 ha, Seil Irrigated Farm 

8 
14 
- 

TOTAL FARM INCOME 

Wheat 
Sesame 
Sorghum 
Vegetables 

23,633 

300 
180 
- 

- - - 

Farm enterprise 

2,400 
2,520 

4,920 

CROP PRODUCTION 

Sheep 
Goat 
Came l s 

Sub-total, crops 

LIVESTOCK 
PRODUCTION 

Gross Margin Area 

I 

117 1 
Annual 
Off take 

Value, 
YR/animal 1 

% ha 

] TOTAL FARM INCOME 22,623 J 



Table 12.22 

Income at Full Development, 5 ha Well and Seil Irrigated Farm 

Farm enterprise 

CROP PRODUCTION 

Wheat W 
Sesame S 
Maize S 
Sorghum S 
Lucerne P 
Vegetables W+S 
Orchard P 

Sub-total crops 

LIVESTOCK 
PRODUCTION 

Sheep 
Goats 
Camels 

Sub-total livestock 

TOTAL FARM INCOME 34,766 

12.4 FUTURE " WITHOUT-PROJECT" SITUATION 

Farm Income 
YR/annum 

12,900 
3,912 
1, 200 
1,197 
-22 

5,803 
3,016 

28,006 

3,000 
3,240 
520 

6,760 

In the future, "without-project" situation a- certain degree of 

Gross Margin 

YR/ha/ann 

4300 
2608 
3000 
1596 
-56 

58030 
20109 

Value 
YR/animal 

300 
180 
4000 

Area 

development may be anticipated, but not to the level that will be 

% 

60 
30 
8 
15 
8 
2 
3 

139 

achieved with the project present. Without the project, improve- 

ments will occur as a result of further mechanisation, adoption of 
l 

better techniques and improved varieties. The project will 

l 

ha 

3 .OO 
1.50 
0.40 
0.75 
0.40 
0.10 
0.15 

provide the following extra benefits for the areas already culti- 
l 

vated: 

Annual 
Offtake 

l0 
18 

0.13 

I 
- release from the flooding hazard; 

- improved surface water supplies; 

- site-specific agricultural research and development; 

- extra, irrigation orientated agricultural extenstion services; 

- an extra incentive. 



To determine the future, "without-project" farm incomes the 

following assumptions have been made. On well-irrigated farms 

it is assumed that the farm income will be 60% that of the with- 

project value. On seil irrigated farms, where the unchanged 

regime of the seils will curtail improvement, an increase in farm 

income of 10% over present levels is assumed. On mixed seil and 

well-irrigated farms farm incomes of 50% of the "with-project" 

situation are assumed. These assumptions lead to the following 

figures for farm income in the future, "without-project" situation: 

- 4.0 ha well-irrigated farm: YR 14,179/an 

(YR 3,545/an/ha net CCA) 
- 5.0 ha seil-irrigated farm: YR 8,323/an 

(YR 1,665/an/ha net CCA) 
- 5.0 ha well and seil- YR 17,383/an 

irrigated farm : (YR 3,476/an/ha net CCA) 

These figures exclude Zakat, the cost of labout and certain water 

charges. Zakat is self-assessed, and it is not rigorously paid. 

Most farmers operating holdings similar to these models would be 

liable to a Zakat tax of YR 500 to YR 1000. The annual depre- 

ciation cost of a typical well YR 6500, refer to Annex IV. This 

cost is excluded from the above figures. In the present situation 

the farmers clearly do not budget for this cost, but in the future 

onportunities for alternative investment may develop, leading to a 

more enlightened approach. 



CHAPTER 13 

PROJECT AREA PRODUCTION 

13.1 INTRODUCTION 

On the basis of the farm budgets presented in Chapter 12, and the 

irrigable areas as presented elsewhere in the Report, the net 

revenue generated in the Study Area is assessed for the present 

situation and the future "with-project" and "without-project" 

situations. 

The prices used are those adopted in Chapter 12 for the farm 

budgets. They are based upon world prices with a correction for 

local transport and handling costs. The current high local prices 

are considered a temporary distortion of the market which will not 

survive the completion of the Sana'a to Malrib road. Constant 

prices are used in all assessments. 

13.2. PRESENT SITUATION 

The current breakdown of farming systems is given in Chapter 4, 

and the appropriate farm gross margins in Chapter 12. This infor- 
mation is combined in Table 13.1 to show the annual revenue now 

generated by agriculture in the Study Area to be about YR 2.7 

million. In this table the areas are sub-divided into the areas 

covered by the separate components of the proposed project. This 

facilitates comparison with the later tables in this Section. 



Area 

(i) First  
stage 
area 

sub-total 

(ii) Second 
stage 
area 

(jii) Area only 
for ground 
water dev- 
eloperit 

Total, Study area 

(iv) Areas out- 
side the 
Study area 
(10738 ha) 
but in the 
general 
regian 

- -  ~- 

Total, a l l  areas 

Table 13.1 

P resen t  Net Revenue 

mrm (1) 
nodel/ 
water 
source 

ground- 
water 

seil 

gw/seil 
(2)  

a l l  
system 

ground- 
water 

ground- 
water 

a l l  
systems 

s e i l  

gw/seil 

a l l  
systelns 

Area (1) 
net, 
CCA 
ha 

160 

106 8 

1597 

Gross Margin YR/ha/an 
without all* I with allowance 

million 
w a n  

0.02 

1.62 

0.71 

ance for w e l l  
replacemnt (3) 

N e t  
Revenue 

- 

.. 

for w e l l  re- 
placement (4 )  

Notes : 
1) Refer Chapter 4 and Figure 4 . 1  
2 )  Includes both classes of mixed systm, refer Table 4.1  
3) Refer to Qlapter 1 2  
4) Assurnes one well per f a n  with an annual replacement cost of YR 6500, 

refer to  Annex IV, which is equivalent to  a cost of YR 1625/an/ha and 
YR 1300/an/ha for groundwater and mixed fanning systems respectively 

5) Gross Margins of 75% those quoted above are used to allcw for the 
poorer soil  conditions as these areas are not in the C l a s s  1, 2 or 3 
soils  amprising the Study Area 



13.3 FUTURE "WITH-PROJECT" SITUATION 

With completion of the Project, four classes of area benefitting 

from the project works will be identified. These are described 

below. 

(i) Areas receiving surface water irrigation supplies in 

the first stage of the Project. 

These areas comprise 

- small areas commanded by separate 
wadi diversions : 803 ha gross, 

- North canal command : 2170 ha gross, 

- South canal command : 3069 ha gross 

Total : 6042 ha gross 

(5136 ha net ) 

Reservoir operation studies have shown that the security 

of surface supplies to these areas in such that no 

practical difference in cropping pattern will develop 

between these areas and those replying solely on ground- 

water, refer to the Main Report. In the following calcu- 

lation it is assumed that these will use the "groundwater 

only" cropping pattern developed in Chapter 7 and whose 

estimate of farm income appears in Chapter 12. 

(ii) Areas receiving supplementary surface supplies in the 

second stage of the Project. 

These areas, comprising 3588 ha gross (3050 ha net), are 

those of good groundwater potential where there will be 

an initial improvement in recharge characteristics as a 

result of the project, and where a supplementary surface 

distribution system will be provided at a later date. 

Initially private groundwater development is proposed. 

Cropping patterns appropriate to groundwater only farming 

will be adopted. 



(iii) Areas of groundwater only development 

These areas, comprising 1108 ha gross (1053 ha net), are 

outside the command of the surface distribution systems, 

but with good groundwater potential. Recharge to these 

areas will be improved by the project works. Cropping 

patterns appropriate to groundwater only be adopted. 

(iv) Areas outside the Study Area (of 10738 ha gross) which 

may receive improved seil supplies. Cropping patterns 

appropriate to seil-irrigation farming will be adopted. 

Table 13.2 shows the calculation of the total net revenue generated 

by agriculture in the Study Area as a result of the project works. 

This shows an increase from YR 2.7 million/ann in the present 

situation to about YR 64.2 million/ann with completion of the 

project . 



Table  13.2 

Future ,  "wi th-pro jec t"  Net Revenue 

Farm(1) Area Gross Marg 
model net without all- 

Area E A  anceforwel l  

(i) Firs t  stage 
area 
receiving 
surface 
supplies 

ground- 
water 
only 

(ii) Secnnd stage 
area 
receiving 
suppl-t=Y 
surface 
supplies (5) 

ground- 
water 
only 

(iii) Area only 
for  ground- 
water develop- 
mt 

btal, Stucly area 

(iv) Areas outside 
the Study 
Area (10738 ha 
but in the 

Notes : 
1) Refer to Chapter 12  
2 Refer t o  Section 12.3 

ground- 
water 
only 

a l l  
systems 

seil 
only 

conjwc 

btal, a l l  areas 

3) Adopting costs of YR 1625/an/ha and YR 1300/an/ha for groundwater and 
mixed farming systems as develaped in  Table 13.1. That is, assuming 
we11 designs are unchanged. Refer Annex N. 

4 )  Gross -gins of 75% those quoted above are used t o  allow for the 
poorer so i l  conditions as these areas are not m the Class 1, 2 or  3 
soi ls  carprising the Study Area 

5) Assuming a year in which the surface supplies are adequate 

a l l  
systems 

105 3 

9239 

200 

t ive  general region l use 

5908 

3394 (4)  

200 5215 (4) 



13.4 FUTURE "WITHOUT-PROJECT" SITUATION 

Without the project no significant improvements in agriculture can 

be anticipated. 

(i) Groundwater 

The construction of new wells is anticipated, but at a 

reduced rate since the availability of agricultural 

labour is a constraint on development which will become 

more apparent. Construction of modern tubewells on a 

large scale is thought to be unlikely as they are expen- 

sive and inappropriate to the current farm holding 

pattern. An operating extension service is assumed, which 

will lead to an improvement in yields. Further mechani- 

sation will occur, improved varieties, purer seed and 

improved techniques will be employed. 

(ii) Seil irrigation 

The characteristics of the seils will remain unchanged, 

and no extension of seil irrigated agriculture is there- 

fore possible. In fact, a decrease in the number of farms 

relying solely on the seils for irrigation is anticipated 

as wells are developed in this area. Yields are unlikely 

to improve since agriculture is already mechanised, and 

further investment seemsunlikely for so uncertain a form 

of agriculture. 

(iii) Mixed seil and well-irrigated farms 

An increase in the area of mixed farming systems is expected 

as new wells continue to be constructed in the current seil 

irrigated areas. Developments in the groundwater and seil 

areas will be in line with the predictions of the above 

paragraphs. 



Table 13.3 shows the agricultural revenue generated in the Project 

Area in the future, "without-project" situation to be about 

YR 7.8 million. The estimate based on the farm revenues from 

Section 12.4 and the predictions of development outlined in the 

preceding paragraphs, and it shows nearly a threefold increase 

over the current level. 



Table  13.3  

F u t u r e  "wi thou t -p ro jec t "  N e t  Revenue 

Notes : 
1) Refer Chapter 4 
2 )  Refer Section 13.4 for  qualitative description of future developwnts 
3) Refer t o  Chapter 12 
4 )  Assumes one w e l l  per farm with annual replacement cost of YR 6500, 

refer  t o  Annex IV, which is equivalent t o  a cost of YR 1625/an/ha and 
YR 1300/an/ha for  groundwater and mixed farming s y s t m  respectively 

5) Gross Margins of 75% those quoted above are used t o  a l l m  for  the 
poorer s o i l  conditions as these areas are not in the C l a s s  1, 2 or 3 
soils amprising the S t w  Area 

Area 

(i) Fi r s t  stage 
area 

sub-total 

(ii) Second stage 
are 

(iii) A r e a  only for  
groundwater 
devel-t 

Total, Study Area 

(iv) Areas of seil 
i r r i g a t i m  
outside the 
St* Area 

Total, all areas 

Area (2) 
net, 
CCA 
ha 

260 

980 

1942 

3182 

700 

200 

4082 

100 

200 

4382 

Farm (1) 

ground- 
water 

seil 

gw/seil 

a l l  
s y s t m  

ground- 
water 

ground- 
water 

a l l  

seil 

gw/seil 

a l l  
systans 

N e t  
Revenue 
million 
YR/an 

0.20 

1.63 

4.23 

6.06 

1.34 

0.37 

7.77 

0.12 

0.26 

8.15 

Gross PLxqin 
without a l l w  
ance for  w e l l  

replacement (3) 

3545 

1665 

3476 

- 

3545 

3545 

- 

1249 

2607 (5) 

- 

YR/ha/an 
with allmance 

for  we11 re- 
placenaent (4) 

1920 

1665 

2176 

- 

19 20 

1851 

- 

1249 

1307 

- 


