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FARMING SYSTEMS PROGRAn 

ANNUAL REPORT 1986 

I NT RODUCT ION 

FSP AFTER 10 YEARS AND THE FUTURE 

Dur ing  t h e  t e n  years  s i nce  ICARDA's i ncep t i on ,  t he  Farming Systems 

Program has b o t h  developed and matured. We have endeavoured t o  

e s t a b l i s h  a  s o l i d  r e p u t a t i o n  as a  program which i s  focussed on i ssues  

o f  d i r e c t  re levance  t o  t h e  fa rming  systems o f  West As ia  and No r th  

A f r i c a ,  and we a r e  encouraged i n  t h i s  b e l i e f  by our i nc reas ing  l i n k s  

w i t h  Nat iona l  Programs and I n s t i t u t e s  ou t s i de  our reg ion.  

Over  t h e  years,  a  l a r g e  p r o p o r t i o n  o f  our core research a c t i v i t y  

has focused on t h e  fa rming  systems i n  no r t he rn  Sy r i a ,  a  n a t u r a l  and 

necessary step h i c h  a1 lowed t h e  program t o  g a i n  exper ience and develop 

a  methodology o f  fa rmi  ng systems research appl i c a b l e  t o  t h e  env i  ronment 

i n  which we work. S o i l ,  wa te r  and p l a n t  n u t r i e n t s  a r e  v i t a l ,  bu t  

h i g h l y  v a r i a b l e  resources i n  t h e  reg ion ,  and i n  t h i s  respect  we have 

a t tached h igh  p r i o r i t y  t o  research assoc ia ted w i t h  s o i l  management and 

improv ing t he  wate r  and n u t r i e n t  use e f f i c i e n c y  o f  crop p roduc t ion .  I n  

a d d i t i o n ,  we have pa id  p roper  a t t e n t i o n  t o  t he  impor tan t  r o l e  o f  

l i v e s t o c k  i n  t h e  fann ing  systems and i t s  i n t e r a c t i o n  w i t h  crop 

p r o d u c t i o n  (Cooper, Gregory, T u l l y  and H a r r i s  1986). Throughout, we 

have conducted f a n  and v i l l a g e  surveys t o  he lp  gu ide ICARDA's research 

d i r e c t i o n ,  and on-fann t e s t i n g  o f  p o t e n t i a l  improvements has kep t  our 

program's research focussed on farmers problems and needs. Much o f  



t h i s  work i n  N. S y r i a  has been o f  an app l i ed  nature,  and i t s  success i s  

e v i d e n t  through t h e  s t r ong  coope ra t i ve  programs o f  research which we 

have developed w i t h  t h e  S y r i a n  M i n i s t r y  o f  A g r i c u l t u r e  and Ag ra r i an  

Reform. 

Dur ing  t h e  l a s t  year ,  t h e  program, recogn i z i ng  i t s  success i n  our 

h o s t  country ,  has been develop ing a framework o f  ope ra t i on  which w i l l  

a l l o w  a l o g i c a l  expansion o f  our work t o  o t h e r  coun t r i es  and gu ide t h e  

d i r e c t i o n  o f  o u r  co re  research a c t i v i t i e s  i n t o  t h e  f u t u r e .  Such a 

framework must, o f  course, r e t a i n  some f l e x i b i l i t y ,  b u t  i s  based on t h e  

f o l l o w i n g  phi losophy. The program w i l l  seek t o  develop, upon request  

and i n  c o l l a b o r a t i o n  w i t h  N a t i o n a l  Programs, spec ia l  p r o j e c t s  work ing 

i n  de f i ned  farming systems o f  t h e  reg ion.  

As t h e  network o f  these s p e c i a l l y  funded p r o j e c t s  develops, t h e  

l e v e l  o f  app l i ed  farming systems research conducted by t h e  core  program 

i t s e l f  w i l l  decrease, and g r e a t e r  emphasis w i l l  be p laced  on research 

o f  an upstream na tu re  and i n t e r a c t i o n  w i t h  t h e  reg iona l  p ro j ec t s .  The 

i n t e r a c t i o n  between c o r e  s t a f f  and s t a f f  working i n  t h e  r e g i o n a l  

p r o j e c t s  w i l l  h e l p  ensure two t h i n g s :  f i r s t l y ,  t h e  re levance  o f  such 

upstream research t o  app l i ed  problems wi 11 be maintained, and secondly 

t h a t  i t s  f i n d i n g s  a r e  r a p i d l y  t r a n s m i t t e d  and u t i l i z e d  w i t h i n  t h e  

reg ion .  

W i t h i n  t h e  l a s t  y e a r  we have begun p u t t i n g  t h i s  ph i losophy  i n t o  

p r a c t i c e ,  and i n  t h e  f i r s t  i ns tance  have focussed on t h e  estab l ishment  

o f  spec ia l  p r o j e c t s  i n  t h e  b a r l e y / l i v e s t o c k  systems (BLS) o f  t h e  



region. In summary, BLS a r e  those in  which livestock (p r inc ipa l ly  

sheep) a r e  the  main source of income f o r  farmers, and barley i s  the  

predominant crop grown and i s  almost e n t i r e l y  u t i l i z e d  a s  animal feed. 

We have chosen these  systems f o r  several  reasons: 

a )  BLS a r e  widespread, b u t  occur in t h e  d r i e s t  and harshest  

e n v i r o n e n t s  and in resource tenns contain some of t h e  

reg ion ' s  poorest fanners. Generation of rural income in  such 

a reas  i s  a high p r io r i ty .  

b )  The systems a re  f r a g i l e  and show evidence of a degraded and 

decl in ing resource base. 

c )  Increased urbanization has led t o  greater  demand f o r  

l ivestock products and sheep feed resources a r e  often 

chronical ly de f ic ien t .  Nevertheless, both the  problems and 

potent ia l  of these  systems are  poorly understood, and they do 

not always receive high p r i o r i t y  in  the a l locat ion of 

research and development funds by National Programs. 

d )  ICARDA has t h e  C G I A R  global mandate f o r  barley and over t h e  

l a s t  t en  years ,  FSP and ICARDA a s  a whole, has attached high 

p r i o r i t y  t o  these  systems and has developed considerable 

experience and exper t i se  of d i r e c t  relevance. 

To date,  we have developed the following projects .  



1) The B a r l e y l L i v e s t o c k  Systems o f  N. S y r i a  - -- 

Our coopera t i ve  work w i t h  t h e  S o i l s  D i r e c t o r a t e  i s  now 

l a r g e l y  funded by t h e  Near East Foundat ion w i t h  t h r e e  s t a f f  

(one pos tdoc to ra l  s c i e n t i s t  and two research a s s i s t a n t s )  

ass igned f u l l  t i m e  t o  t h e  maintenance and f u r t h e r  development 

o f  t h i s  coope ra t i ve  research. The funding a l s o  a1 lows t h e  

purchase o f  veh i c l es  and equipment s p e c i f i c a l  l y  f o r  t h i s  

work. 

2 )  - The B a r l e y l L i v e s t o c k  Systems o f  NW Egypt -- 

A t  t h e  request  o f  t h e  Egyp t ian  Government, and w i t h  spec ia l  

f und ing  from Ford Foundat ion, we a r e  i n i t i a t i n g  survey work 

i n  t h e  p r o j e c t  area t o  desc r i be  c u r r e n t  farming p r a c t i c e s  and 

i d e n t i f y  research goa ls  and o b j e c t i v e s  f o r  f u t u r e  p r o j e c t  

a c t i v i t i e s .  T h i s  survey work w i l l  be done by two Egyp t ian  

Pos tdoc to ra l  s t a f f  (one economist and one agronomist) .  I f , 

as a  r e s u l t  o f  t h i s  survey work, we a r e  success fu l  i n  

f o r m u l a t i n g  a  p r o j e c t ,  we have a l ready succeeded i n  

i d e n t i f y i n g  a  p o t e n t i a l  donor agency which i s  keen t o  fund 

any subsequent p r o j e c t .  

3 )  - The B a r l e y l L i v e s t o c k  Systems -- o f  SE Turkey 

D u r i n g  1985 and 1986, we have been coopera t ing  w i t h  t h e  

U n i v e r s i t y  o f  Cukurova, w i t h  spec ia l  f und ing  f r a n  Fo rd  

Foundat ion, i n  conduc t ing  survey work i n  t h e  p r o j e c t  area. 



T h i s  i s  c u r r e n t l y  be ing  analysed and i n  t h e  caning yea r  we 

w i  11  t ry  t o  e s t a b l i s h  a d d i t i o n a l  coopera t i ve  l i n k s  w i t h  t h e  

South East Ana to l i an  Research I n s t i t u t e  t o  implement 

coope ra t i ve  research i n  t h e  p r o j e c t  area based on p rev ious  

research i n  t h e  p r o j e c t  area and t h e  f i n d i n g s  o f  t h e  survey. 

I n  t h e  coming y e a r  we hope t o  expand t h i s  network o f  BLS p r o j e c t s  

t o  o t h e r  c o u n t r i e s  i n  c o l l a b o r a t i o n  w i t h  o t h e r  ICARDA programs. 

I n  t h e  h i g h e r  r a i n f a l l  areas however, we recognize c o n t r a s t i n g  

f a rm ing  systems where wheat i s  t h e  dominant crop, and i s  grown i n  

r o t a t i o n  w i t h  food  legumes and summer crops. Trees and, t o  a l e s s e r  

ex ten t ,  l i v e s t o c k  a re  a l s o  impo r tan t  canponents o f  these  systems. We 

r e f e r  t o  then  as Wheat Based Systems (WBS). P o t e n t i a l  c rop  p roduc t i on  

i s  g r e a t e r  i n  these areas, and farmers a re  f i n a n c i a l l y  more secure. 

Na t i ona l  Programs have a1 loca ted  most o f  t h e i r  research and development 

resources t o  t h e  h i g h e r  p o t e n t i a l  areas and have i n  many cases been 

success fu l  i n  develop ing improved recommendations and a g r i c u l t u r a l  

p o l i c i e s  which have a l lowed t h e i r  r a p i d  adop t ion  by farmers. I n  these  

systems, and i n  c o n t r a s t  t o  our research on BLS, we have focussed more 

on s p e c i f i c  canponents o f  t h e  system, namely cereal  and food  legume 

produc t ion ,  r a t h e r  t h a n  t h e  system as a whole. Much o f  t h i s  work i s  

done i n  coopera t ion  w i t h  o t h e r  ICARDA programs. Dur ing  t h e  coming 

yea rs  we w i l l  seek t o  develop s p e c i a l  p r o j e c t s  i n  c o l l a b o r a t i o n  w i t h  

Na t i ona l  Programs. We expect t h a t  many o f  these p r o j e c t s  w i l l  have a 

s p e c i f i c  canponent focus, depending on t h e  requirements o f  t h e  Na t i ona l  

Program, and w i l l  be o r i e n t e d  towards technology o p t i m i z a t i o n  r a t h e r  



than  generat ion. I n  subsequent paragraphs o f  t h i s  overview o f  our 

f u t u r e  d i r e c t i o n ,  we present  research  areas i n  vh i ch  we f u e l  our 

exper ience and e x p e r t i s e  should con t i nue  t o  develop w i t f i i n  o u r  co re  

program. I n  t h e  f o rmu la t i on  o f  coope ra t i ve  research p r o j e c t s  i n  t h e  

Wheat Based Systems, we w i l l  u t i l i z e  t h i s  e x p e r t i s e  t o  enhance and 

canplement on-going research programs i n  t h e  reg ion.  I n  t h e  

development o f  such p r o j e c t s ,  as w i t h  those developed f o r  BLS, c l o s e  

c o l l a b o r a t i o n  w i t h  o t h e r  ICARDA programs i s  essen t i a l .  

Core program s t a f f  w i l l  c l e a r l y  have t o  a l l o c a t e  cons ide rab le  

t i m e  t o  t h e  f o r m u l a t i o n  and subsequent suppor t  o f  these p r o j e c t s ,  b u t  

t hey  w i l l  a l so  con t inue  t o  develop t h e i r  own s p e c i a l i z e d  f i e l d s  of 

research. W i t h i n  t h e  program t h e r e  i s  a wide range o f  such e x p e r t i s e  

which encmpases t h e  f i e l d s  o f :  

- The design, execu t i on  and a n a l y s i s  o f  f i e l d  surveys f o r  t h e  

devel  opment o f  research p r i o r i t i e s  and ob jec t i ves .  

- Research on crop wate r  use and increased wate r  use e f f i c i e n c y  

th rough improved f e r t i l i z e r  s t r a t e g i e s ,  s o i l  t i 1  lage  and 

s t u b b l e  management, and crop management f ac to r s .  

- The s t a b i l i z a t i o n  and increase of p roduc t i on  th rough 

supplementary i r r i g a t i o n  o f  r a i n f e d  w i n t e r  sown cr6ps. 

- The i n t e g r a t i o n  o f  such components o f  research i n t o  t h e  

development and t e s t i n g  o f  improved fa rming  systems through 

o n - s t a t i o n  and on-farm r o t a t i o n  t r i a l s ,  e v a l u a t i o n  o f  



c r o p l l i  vestock i n t e r a c t i o n s  and economic ana l ys i s  o f  whole 

f arm produc t ion .  

- The development o f  methodologies which enable t h e  i n t e g r a t i o n  

o f  c l i m a t i c ,  env i ro rmenta l  and socio-economic v a r i a b i l i t y  i n t o  

t h e  e v a l u a t i o n  .of improved p roduc t i on  p r a c t i c e s  and systems 

across both t ime ( s u s t a i n a b i l i t y )  and space ( s t a b i l i t y  across 

and w i t h i n  recommendation domains). 

- The development o f  methodologies f o r  t a r g e t t  i n g  research  

r e s u l t s  t o  t h e  r e g i o n  through agro-eco log ica l  

c h a r a c t e r i z a t i o n ,  c l a s s i f i c a t i o n  and mapping. 

- The assessment o f  adop t ion  and impact o f  new p roduc t i on  

techno log ies  on r u r a l  l a b o r  and s o c i a l  wel fare.  

None o f  these f i e l d s  o f  research a re  unique t o  ICARDA and a l l  a re  

b a s i c  t o  any we1 1 balanced a g r i c u l t u r a l  research and development 

program. Nevertheless, t h e  c u l t u r a l  and env i  ronmental c h a r a c t e r i s t i c s  

o f  West Asia and No r th  A f r i c a  combine t o  p l ace  ICARDA i n  a  un ique 

p o s i t i o n  i n  t h e  development and a p p l i c a t i o n  o f  these areas o f  research 

w i t h i n  t h e  reg ion  we serve. 

Our o v e r a l l  goal i s  t o  a s s i s t  Na t i ona l  Programs t o  s t a b i l i z e ,  

i nc rease  and s u s t a i n  t h e  p r o d u c t i v i t y  o f  t h e  r a i n f e d  farming systems o f  

t h e  r e g i o n  th rough t h e  improved management and maintenance o f  t h e i r  

n a t u r a l  resource base. W i th  t h i s  goal  i n  mind, we wi 11 seek t o  develop 

these  areas o f  e x p e r t i s e  w i t h i n  our  core program so t h a t  we may 



cont inue t o  suppor t  Na t i ona l  Programs and ac t  as c a t y l i s t s  o f  

i nnovat i v e  research f o r  t h e  f u t u r e .  

1.2 STAFF CHANGES 

Dur i ng  t h e  year ,  t h e  program has been j o i n e d  by severa l  new s t a f f  

members. I n  January we welcomed Drs. Michael Jones and Mustafa Pala t o  

fill t h e  p o s i t i o n s  o f  b a r l e y l l i v e s t o c k  systems agronomist  and wheat 

based systems agronomist  r e s p e c t i v e l y .  Both a re  sen io r  and exper ienced 

s c i e n t i s t s  who a re  a1 ready making s u b s t a n t i a l  c o n t r i b u t i o n s  t o  ICARDA's 

research. Dr. Dennis T u l l y ,  who had j o i ned  t h e  Program f o r  2 yea rs  i n  

1984 as a  Rocke fe l l e r  Foundat ion pos tdoc to ra l  student,  has s tayed w i t h  

t h e  Program, and i s  now c o o r d i n a t i n g  our  A g r i c u l t u r a l  Labor and 

Technolog ica l  Change p r o j e c t .  Messrs. Marz, Yous i f  and Dahroug a l s o  

j o i n e d  t h e  program as pos tg raduate  s tudents .  Mr. U. Marz i s  a PhD 

s tuden t  from Gennany who i s  s tudy ing  t h e  economics o f  t h e  

i n t e n s i f i c a t i o n  o f  sheep and crop p roduc t i on  i n  Syr ia .  M r .  F.S. 

Yous i f ,  an MSc s tudent  f rom Sudan, i s  ana lys ing  f a c t o r s  assoc ia ted  w i t h  

faba bean marke t ing  i n  Sudan. Dr. Tom Nordblan i s  a c t i n g  as l o c a l  

s u p e r v i s o r  t o  bo th  these students.  Mr. H.M. Dahroug j o i ned  us f rom S. 

Yemen t o  do an MSc i n  wheat agronomy, and Dr. Mustafa Pala i s  a c t i n g  as 

h i s  l o c a l  superv isor .  We were pleased t o  hear t h a t  du r i ng  1986 f i v e  

p rev ious  postgraduate s tudents ,  Mohamed A.S. Abdel Moneim (Egypt ian) ,  

Noureddi n  Mona (Sy r i an ) ,  Yousef Sabet (Syr ian) ,  Ammar Wehbe (Sy r i an )  

and E g l a l  Rashed (Canadian) were awarded t h e i r  Doc to ra te  o f  Phi losophy; 

we extend our s i n c e r e  c o n g r a t u l a t i o n s  t o  them a l l .  



Dr. P e t e r  Cooper a l so  r e j o i n e d  t h e  program a f t e r  a  successfu l  and 

en joyab le  sabbat i ca l  leave a t  Reading U n i v e r s i t y ,  U.K., and Dr. K u t l u  

Some1 (ou r  on ly  depa r tu re  du r i ng  1986) who had acted as program l e a d e r  

i n  Dr. Cooper 's absence, has j o i n e d  FAO, Rome, f o r  a  y e a r  f o r  a  we1 1  

earned sabbat i ca l  leave. 

W i t h  t h i s  i n f l u x  o f  new s t a f f ,  and no permanent depar tures,  t h e  

program i s  i n  a  s t r ong  p o s i t i o n ,  and t h i s  i s  r e f l e c t e d  i n  an e x c e l l e n t  

y e a r ' s  research i n  which progress has been made i n  many areas. I n  t h i s  

con tex t  we acknowledge, w i t h  very  genuine apprec ia t ion ,  t h e  s u b s t a n t i a l  

and v i t a l  r o l e  p layed by our r e g i o n a l  s t a f f  members who con t i nue  t o  

form t h e  s o l i d  core  o f  t h e  program. A f u l l  l i s t  o f  program s t a f f  i s  

g i ven  i n  t h i s  r e p o r t  on page 183. 

1.3 THE SEASON'S WEATHER 

The 1985186 growing p e r i o d  s t a r t e d  i n  t h e  second week o f  November a t  

J i n d i r e s s ,  t h e  w e t t e s t  o f  t h e  Farming Systems Program's research s i t e s .  

A t  a l l  o t h e r  s i t e s ,  t h e  season d i d  no t  ge t  underway u n t i l  t h e  second 

h a l f  o f  December. Approx imate ly  40 mm o f  r a i n ,  which had fa1  l e n  be fo re  

t h a t  t ime,  were i n e f f e c t i v e  and t h e i r  c o n t r i b u t i o n  t o  crop mo i s tu re  

supp ly  was n e g l i g i b l e .  U n t i l  mid-February a  mo i s t  pe r i od  f o l l owed  w i t h  

r a i n f a l l  c l e a r l y  above t h e  long- tenn  average ( c f .  Table 1 )  which 

c rea ted  favourab le  c o n d i t i o n s  f o r  t h e  estab l ishment  o f  t h e  crops and 

t h e i r  e a r l y  growth. A  pronounced d r y  s p e l l  l a s t e d  f rom mid-February 

i n t o  t h e  second h a l f  o f  March and co inc ided  w i t h  t h e  stem e l o n g a t i o n  

phase o f  c e r e a l s  and t h e  p r e - f l o w e r i n g  phase o f  legumes. The 

occurrence o f  such a  d r y  s p e l l ,  which undoubtedly had some nega t i ve  

e f f e c t  on y i e l d ,  d u r i n g  t h i s  development s tage o f  t h e  crops has t o  be 



expected about once every s i x  t o  t e n  years.  R a i n f a l l  remained below 

average u n t i l  t h e  end of t h e  season, when a t  Te l  Hadya and G h r e r i f e  

some showers i n t e r f e r e d  w i t h  harves t ,  b u t  w i t hou t  caus ing any se r i ous  

problems. 

Tab le  1 Monthly p r e c i p i t a t i o n  d u r i n g  t h e  1985186 season as percentage 
o f  t h e  long-term average 

Long-term 
OCT NOV DEC JAN FEB MAR APR MAY Season Average (m) 

T e l  Hadya 116 32 98 114 151 65 66 165 96 330 
J i n d i r e s s  94 111 56 107 132 40 63 101 87 472 
Breda 125 14 64 118 148 55 43 63 78 283 
Khanasser 433 58 113 113 95 54 78 75 95 224 

The wors t  f r o s t  o f  t h e  1985186 season came i n  December ( c f .  Tab le  

2 ) ,  before c rops  were es tab l i shed ,  and t h e r e f o r e  d i d  n o t  cause any 

damage. Another s p e l l  o f  f r o s t  i n  January caused some minor  damage 

only. Dur ing t h e  remainder o f  t h e  season, t h e  weather was r a t h e r  m i l d  

and t h e  number o f  days w i t h  f r o s t  f e l l  cons iderab ly  s h o r t  o f  t h e  

average a t  a1 1 s i t e s .  

On t h e  whole, 1985186 was q u i t e  a normal season, and t h i s  was 

r e f l e c t e d  i n  c rop  performance and y i e l d s .  We should emphasize t h a t  

some meteoro log ica l  event o r  ano ther  w i t h  a probabi 1 i t y  o f  occurrence 

o f  around 1 y e a r  i n  10 ( p o s i t i v e  ones l i k e  m i l d  temperatures o r  

nega t i ve  ones l i k e  d r y  s p e l l s ) ,  has t o  be expected every season i n  

c l i m a t e s  as v a r i a b l e  as t h a t  o f  n o r t h e r n  Syr ia .  Indeed, a season w i t h  



Table 2 Frost  events (1985/86 cropping season) 

Long-term 
average No. 

OCT NOV OE C JAN FEB MAR To ta l  o f  f r o s t  days 

KHANASSER 

Number o f  f r o s t  days 
Absolute Minimum 

BREDA 

Number o f  f r o s t  days 
Absolute Minimum 

GHRERIFE 

Number o f  f r o s t  days 
Absolute Minimum 

BUEDE I R  

Number o f  f r o s t  days 
Absolute Minimum 

TEL HADYA -- 
Number of f r o s t  days 
Absolute Minimum 

JINDIRESS 

Number o f  f r o s t  days 
Absolute M i  nimum 

( )  = incomplete 



o v e r a l l  average values o f  a l l  c l i m a t e  v a r i a b l e s  would be. a very  r a r e  

event.  

1.4 RESEARCH AND TRAINING HIGHLIGHTS 

F o l  lowing our es tab l i shed  fo rmat  o f  r e p o r t i n g ,  we w i  11 p resen t  our  

annual r e p o r t  under t h e  f o l  l ow i  ng headings: P r o j e c t  1: B a r l e y l L i v e s t o c k  

Systems Research; P r o j e c t  2: Wheat Based Systems Research; P r o j e c t  3: 

In te rsys tems Research and T r a i n i n g  and Agrotechnology Trans fe r .  

Du r i ng  t h e  1985/86 season, t h e  f o l l o w i n g  research h i g h l i g h t s  a re  

notab le .  I n  our  Ba r l ey /L i ves tock  Systems research, FSP s c i e n t i s t s :  

- I n  c o l l a b o r a t i o n  w i t h  t h e  Sy r i an  S o i l s  D i r e c t o r a t e  expanded 

ou r  on-farm f e r t i l i z e r  t r i a l s  on ba r l ey  t o  22 l o c a t i o n s .  

Econanic responses t o  P and N were found a t  a l l  l o ca t i ons ,  b u t  

t h e  magnitude o f  responses were a f f e c t e d  by r a i n f a l l ,  s o i l  

f e r t i l i t y ,  c rop  r o t a t i o n  and s o i l  depth (see s e c t i o n  2.2). 

- Success fu l l y  demonstrated, th rough  analyses o f  o n - s t a t i o n  

long- term r o t a t i o n  t r i a l s ,  on-farm graz ing  t r i a l s  ( w i t h  PFLP) 

and o n - f a n  r o t a t i o n  t r i a l s ,  t h a t  annual sown fo rage  legumes 

(ve tch  and l a t h y r u s )  can  economica l l y  r ep lace  f a1  low o r  break 

con t inuous  b a r l e y  c u l t i v a t i o n .  P r o f i t a b i l i t y  o f  do ing  so i s  

s u b s t a n t i a l  l y  increased when phosphate f e r t i l i z e r  i s  used i n  

t h e  r o t a t i o n ,  and t h e  economic r e t u r n  i s  g rea tes t  when t h e  

f o rage  i s  grazed i n  s p r i n g  o r  harvested as a  mature crop. Hay 

making i s  t h e  l e a s t  p r o f i t a b l e  o p t i o n  (see sec t i ons  2.3, 2.4). 



- I n i t i a t e d ,  i n  c o l l a b o r a t i o n  w i t h  t h e  I n s t i t u t e  o f  Water 

Research, M ich igan  S ta te  U n i v e r s i t y ,  t h e  development o f  a  

CERES-N Bar1 ey crop growth model. 

I n  our  Wheat Based Systems Research, o u r  research showed: 

- Tha t  farmers growing wheat i n  FhJ S y r i a  i n  1984185 achieved 

very  v a r i a b l e  p r o f i t s ,  and many l o s t  money. Fac to rs  such as 

l e v e l  o f  i npu t s ,  c rop  r o t a t i o n ,  r a i n f a l l  and s o i l  q u a l i t y  

appear t o  have s i g n i f i c a n t  e f f e c t s  on t h e  p r o f i t  marg in  

ach ieved (see s e c t i o n  3.2). 

- Conf i rmed aspects o f  t h e  above analyses through on-farm t r i a l s  

i n  1985186 which showed t h a t  crop r o t a t i o n  had a s i g n i f i c a n t  

e f f e c t  on t he  economics o f  n i t r o g e n  and h e r b i c i d e  use on wheat 

(see  s e c t i o n  3.3). 

- I n  c o l l a b o r a t i o n  w i t h  FLIP, demonstrated i n  on-farm t r i a l s  

t h a t  e a r l y  sowing o f  l e n t i l s  w i t h  h e r b i c i d e  and s i t o n a  weev i l  

c o n t r o l  gave s u b s t a n t i a l  and c o n s i s t e n t  inc reases  i n  n e t  

revenue compared w i t h  t h e  t r a d i t i o n a l  l a t e  p l an ted  c rop  (see 

s e c t i o n  3.6). 

- I n  c o l l a b o r a t i o n  w i t h  FLIP, demonstrated, i n  on-farm t r i a l s ,  

g r e a t  p o t e n t i  a1 f o r  w i n t e r  sown ch ickpea w i t h  pre-emergence 

h e r b i c i d e ,  bu t  il l u s t r a t e d  t h e  l a r g e  v a r i a b i l i t y  o f  p r o f i t  

assoc ia ted  w i t h  t h i s  p r a c t i c e  (see s e c t i o n  3.6). 



- Showed t h a t  nitrogen losses  through v o l a t i l i z a t i o n  of ammonia 

f r a n  urea applied t o  wheat grown on calcareous s o i l s  a t  Tel 

Hadya were not a severe problem. Smaller losses than expected 

appeared t o  be due t o  cool s o i l  temperatures a t  the  time of 

app l i ca t ion ,  and t h e  l a rge  cat ion exchange capacity of t h e  

s o i l  ( s e e  sec t ion 3.5). 

In our Intersysterns Research, we showed t h a t :  

- Supplemental i r r i g a t i o n  (113 water balance) increased wheat 

g ra in  and straw y i e l d s  (averaged across nitrogen f e r t i l i z e r  

l eve l s )  a t  Tel Hadya from 3.0 and 3.8 t /ha  t o  5.8 and 5.7 

t /ha .  In an on-farm t r i a l  a t  Breda, grain y i e l d s  were 

increased from 2.6 t o  5.6 t/ha. Economic survey work 

indicated t h a t  net income of farmers using supplementary 

i r r i g a t i o n  was between 3-5 times g rea te r  in NE Syria and 6-10 

times g rea te r  in  NW Syria than comparable rainfed farmers ( see  

sec t ion  4.6) .  

- Mechanization of farm operat ions reduces female agr icu l tu ra l  

a c t i v i t i e s  and t h a t  off-farm employment and migration continue 

t o  reduce the  male agr icu l tu ra l  labor force  in NW Syria. A 

special  project  has been i n i t i a t e d  t o  study the  regional 

implicat ions of technology change on labor requirements ( see  

sec t ions  4.3, 4.4). 

- Simple models, incorporating s o i l  t e s t  ca l ib ra t ion ,  can be 

used t o  predict  t h e  e f f e c t  of so i l  f e r t i l i t y ,  r a i n f a l l  and 



l e v e l  o f  phosphate f e r t i l i z e r  a p p l i c a t i o n  on t h e  economics o f  

b a r l e y  p roduc t i on  (see s e c t i o n  4.5). 

I n  our  T r a i n i n g  and Agrotechnology T r a n s f e r  p r o j e c t  we: 

- He ld  our f i r s t  6-week r e s i d e n t i a l  t r a i n i n g  course (a t tended by 

19 p a r t i c i p a n t s  from 1 2  c o u n t r i e s ) .  

- H e l d  two s h o r t  courses on "So i l  and P lan t  Analyses",  i n  

Aleppo, and "Econcmics i n  A g r i c u l t u r a l  Research", i n  Turkey, 

(a t tended by 26 p a r t i c i p a n t s ) .  

- H e l d  t h r e e  workshops (a t tended by 122 p a r t i c i p a n t s )  namely: 

1 )  The Regional  Fanning Systems Workshop, i n  Islamabad 

2 )  I n t e r - C e n t e r  Workshop on "Agroecolog ica l  Cha rac te r i za t i on ,  

C l a s s i f i c a t i o n  and Mapping", i n  Rome 

3)  Regional  S o i l  Tes t  C a l i b r a t i o n  Workshop, i n  Aleppo 

- J o i n t l y  supervised 10 pos tg raduate  s tuden ts  (4 PhD and 6 MSc) 

and prov ided i n d i v i d u a l  non-degree t r a i n i n g  t o  a  f u r t h e r  10 

s c i e n t i s t s  (see Sec t i on  5 ) .  

Du r i ng  t h e  season, FSP s t a f f  t r a v e l  l ed  t o  many c o u n t r i e s  o f  ou r  

r e g i o n  t o  d iscuss  and f o s t e r  coopera t i ve  research p r o j e c t s  w i t h  

Na t i ona l  Programs. Count r ies  v i s i t e d  i nc l ude  Jordan, Egypt,  Pak is tan,  

I n d i a ,  Tun is ia ,  Morocco, I r a n ,  E t h i o p i a ,  N. Yemen, Turkey and Kenya. 

I n  a d d i t i o n  t o  these v i s i t s ,  we con t inued  t o  develop our con tac t s  w i t h  

I n s t i t u t e s  i n  Europe and t h e  Un i t ed  S ta tes  o f  America. 



In summary, the  program enjoyed a successful year in which our 

manning power was subs tan t i a l ly  increased and good r e s u l t s  were 

achieved in our research and t r a in ing  programs. I t  i s  not possible t o  

repor t  f u l l y  or  even t o  summarize a l l  our research each year. Thus, a s  

in  previous years,  t h i s  annual report  can only represent a par t  of our 

t o t a l  program. Those readers who wish f o r  a more complete p ic tu re  of 

our research a c t i v i t i e s  a re  refer red  t o  previous annual r epor t s ,  o r  a r e  

welcome t o  wr i t e  f o r  more d e t a i l s  on spec i f i c  topics  of research. 
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2. BARLEY/LIVESTOCK FARMING SYSTEMS RESEARCH 

2.1 INTRODUCTION 

Our on-going research i n  these systems has been presented i n  p rev ious  

Annual Reports [ICARDA, 1985 ( p  8-44), 1986 (p 8-42)], and t h e  

soc i  o-econanic and env i  rormenta l  c o n d i t i o n s  o f  t h e  Ba r l ey /L i  vestock 

Systems o f  N. S y r i a  has been descr ibed  i n  d e t a i l  elsewhere and r e c e n t l y  

summarized by Cooper -- e t  a l .  (1986). The research has t h e  f o l l o w i n g  

1  ong-term goal s  and ob jec t i ves .  

O v e r a l l  Ob jec t i ves  

To enhance p r o d u c t i v i t y ,  y i e l d  s t a b i l i t y  and r u r a l  incane  o f  farmers 

p r a c t i s i n g  i n t e g r a t e d  b a r l e y f l i v e s t o c k  farming systems i n  areas 

r e c e i v i n g  l ess  t h a n  350 mm o f  r a i n f a l l  through improved crop 

management, a1 t e r n a t  i v e  crop r o t  a t  ions, improved i n t e g r a t i o n  o f  

c r o p / l i v e s t o c k  a c t i v i t i e s  and a  more e f f i c i e n t  use and maintenance o f  

t h e  na tu ra l  resource base. 

Long-Tenn Goals 

a )  To eva lua te ,  i n  c o l l a b o r a t i o n  w i t h  Nat iona l  Programs, t h e  

p o t e n t i a l  f o r  improved y i e l  ds, water  use e f f i c i e n c y  and g r e a t e r  

economic r e t u r n  o f  b a r l e y  p roduc t i on  th rough t h e  use o f  improved 

husbandry and phosphate and n i t r o g e n  f e r t i l i z e r .  

b )  To a s s i s t  Na t i ona l  Programs, th rough  on-farm research and t e s t i n g  

o f  f e r t i l i z e r  a p p l i c a t i o n  i n  f o r m u l a t i n g  p o l i c i e s  t o  encourage 

t h e  econanic adop t ion  o f  f e r t i l i z e r  use i t 1  d r y  areas. 



c )  To eva lua te  i n  coopera t ion  w i t h  PFLP t h e  p o t e n t i a l  r o l e  o f  f o rage  

legumes i n  d r y  areas, e i t h e r  t o  r ep lace  f a l l o w  l and  o r  t o  break 

con t inuous  b a r l e y  p roduc t ion ,  th rough  long- term r o t a t i o n  t r i a l s ,  

f o r a g e  agronany research and on-farm fo rage  legume/ l ivestock 

t r i a l s .  

d )  To a s s i s t  Na t i ona l  Programs, th rough  on-farm research and t e s t i n g  

o f  a l t e r n a t i v e  c rop  r o t a t  ions, i n  f o r m u l a t i n g  p o l i c i e s  t o  

encourage t h e  increased adopt ion  o f  improved c ropp ing  r o t a t i o n s  

which w i l l  r e s u l t  i n  a  more s t a b l e  a g r i c u l t u r a l  system. 

T h i s  y e a r  we p resen t  a  summary o f  our coopera t i ve  research  w i t h  

t h e  S y r i a n  S o i l s  D i r e c t o r a t e  on t h e  economics o f  f e r t i l i z e r  use on 

b a r l e y  i n  d ry  areas. T h i s  work i s  p rogress ing  we l l ,  and d u r i n g  1986 

has gained g r e a t  momentum, no t  o n l y  because o f  a  very  successfu l  

season's research, b u t  a l so  due t o  t h e  spec ia l  fund ing  we have rece ived  

f r a n  t h e  Near East Foundat ion t o  suppor t  t h i s  e f f o r t .  

The p r i n c i p a l  focus  o f  t h i s  y e a r ' s  r e p o r t ,  however, i s  on o u r  

research i n t o  t h e  i n t r o d u c t i o n  o f  fo rage  legumes i n t o  those farming 

systems which a re  c u r r e n t l y  dominated by f a l l o w - b a r l e y  and cont inuous 

b a r l e y  cropping sequences. The work i s  presented i n  two sec t ions .  The 

f i r s t  s e c t i o n  (2.3) g i ves  an up t o  da te  b i o l o g i c a l  and economic 

a n a l y s i s  o f  our long- term o n - s t a t i o n  crop r o t a t i o n  t r i a l s  a t  Te l  Hadya 

and Breda. These t r i a l s  a r e  complex and i n v e s t i g a t e  t h e  i n t e r a c t i o n  

between f e r t i l i z e r  use and inany p o s s i b l e  2-course r o t a t i o n s  i n v o l v i n g  

bar ley ,  f a l l o w  and forage legumes. We a l s o  present  t h e  analyses o f  



s imp le r  and s h o r t e r  d u r a t i o n  on-farm r o t a t i o n  t r i a l s  i n  which f o rage  

legumes were assessed, i n  coopera t ion  w i t h  farmers, as a  source o f  

s p r i n g  g raz ing  and as a mature crop harvested f o r  bo th  g r a i n  and s t raw 

( sec t  i o n  2.4). 

2.2 SOILS DIRECTORATE/ICARDA BARLEY TRIALS I N  MIRTH S Y R I A  

The r e s u l t s  o f  t h i s  on-going c o l l a b o r a t i v e  research have been repo r t ed  

i n  g r e a t  d e t a i l  e lsewhere ( S o i l s  Directoratel ICARDA, 1986), and t h e  

r e s u l t s  f rom 1984/85 were f u l l y  presented i n  l a s t  y e a r ' s  Annual Repor t  

(ICARDA, 1986, p  9-18). T h i s  coope ra t i ve  research w i t h  t h e  S y r i a n  

S o i l s  D i r e c t o r a t e  has two s p e c i f i c  ob jec t i ves .  F i r s t l y ,  it w i l l  a1 low 

t h e  S y r i a n  Government t o  f o rmu la te  f e r t i  1  i z e r  recommendations and 

p o l i c i e s  f o r  a  rnajor b a r l e y  p roduc ing  area, and the  p o t e n t i a l  impact  

f o r  S y r i a  alone i s  very s u b s t a n t i a l  indeed. Secondly, and i n  keeping 

w i t h  our p lans f o r  t h e  f u t u r e  ( s e c t i o n  1.1) i t  a l lows  us t o  generate  a  

methodology f o r  t h e  p r e d i c t i o n  o f  f e r t i l i z e r  needs f o r  s i m i l a r  d r y  

b a r l e y  produc ing areas i n  o t h e r  coun t r i es .  

T h i s  y e a r  we p resen t  a  summary o f  t he  h i g h l i g h t s  o f  t h i s  y e a r ' s  

research, t oge the r  w i t h  some r e s u l t s  o f  t h e  assoc ia ted  socio-economy 

survey work conducted i n  1984/85 which forms an i n t e g r a l  p a r t  o f  t h i s  

study. 

2.2.1 1985/86 Research H i g h l i g h t s  

Con t i nu i ng  t h e  c o l l a b o r a t i v e  p r o j e c t  between FSP and t h e  SMAAR S o i l s  

D i r e c t o r a t e  i n i t i a t e d  i n  1984/85, twenty-two 2-rep1 i c a t e  4 x 4 



f a c t o r i a l  f e r t i l  i z e r  t r i a l s  on Arab ic  Aswad b a r l e y  were s u c c e s s f u l l y  

c a r r i e d  out  on farmers '  f i e l d s  ac ross  Hama, Aleppo, Raqqa and A1 

Hassakeh p rov inces  d u r i n g  t h e  1985/86 season. 

G r a i n  and s t raw p r o d u c t i o n  was s i g n i f i c a n t l y  inc reased  by 

phosphate f e r t i l i z e r  a t  twenty-one s i t e s  and by n i t r o g e n  f e r t i l i z e r  a t  

e leven  s i tes .  Mean increases over  n o - f e r t i l i z e r  c o n t r o l  were 0.54 t 

g r a i n l h a  and 0.80 t straw/ha f rom t h e  h i ghes t  r a t e  o f  phosphate (90 k g  

P205/ha), and 0.19 t gra in /ha  and 0.41 t straw/ha from t h e  h i ghes t  r a t e  

o f  n i t r o g e n  (60 k g  N/ha) (F ig .  1). P o s i t i v e  responses t o  n i t r o g e n  

f e r t i l i z e r  and t h e  r e l a t i v e  magnitude o f  those t o  phosphate f e r t i  1  i z e r  

r e f l e c t e d  t h e  a v a i l a b i l i t y  a t  p l a n t i n g - t i m e  o f  n a t i v e  s o i l  m i n e r a l 4  

and Olsen a v a i l a b l e  phosphate (F ig .  2).  The r e l a t i o n s h i p  between s o i l  

analyses f o r  N and P, and c rop  responses t o  f e r t i l i z e r  a r e  d iscussed i n  

more d e t a i l  i n  s e c t i o n  4.5.3 o f  t h i s  r epo r t .  

I n  pa i r ed  comparisons o f  s i x  t r i a l s  on land  cropped t o  b a r l e y  t h e  

p rev ious  yea r  w i t h  s i x  t r i a l s ,  each on an ad jacent  f i e l d  p r e v i o u s l y  

f a 1  lowed, t h e  b a r l e y - b a r l e y  sequence produced a  sma l l e r  u n f e r t i l i z e d  

c rop  y i e l d  but  a l so  a  much s t r o n g e r  response t o  n i t r o g e n  f e r t i l i z e r  

(Fig.  3) .  T h i s  s t r o n g e r  response d i d  no t  appear t o  be s imp ly  t h e  

r e s u l t  o f  a  l ess  a v a i l a b l e  n a t i v e  s o i l - N  a t  p l a n t i n g  t ime. 

The y i e l d s  o f  s t raw and g ra in ,  w i t h i n  each a g r i c u l t u r a l  zone, 

were used t o  es t ima te  t h e  e c o n m i c  r e t u r n s  o f  f e r t i l i z e r  a p p l i c a t i o n .  

The p r i n c i p a l  assumptions used i n  t h e  a n a l y s i s  were: 



F i g u r e  1. Mean y i e l d  responses  o f  b a r l e y  t o  phospha te  
and n i t r o g e n  f e r t i l i z e r  i n  t w e n t y - t w o  
o n - f a r m  t r i a l s  

G r a i n  

S t r a w  
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Figure 2. Percentage inc rease  in  dry ma t t e r  produc'lion 
from t h r e e  l e v e l s  of phosphate f e r t i l i z e r  
(30,  60 and 90 kg P205/ha) in  r e l a t i o n  t o  
i n i t i a l  l eve l  of Olsen ava i l ab l e -P  i n  t h e  
so i  1 

Equations a r e :  

30 P205: y(%)=  49.75-17.48 In (Olsen P)-0.632 

60 P205; y(%)= 84.62-30.14 I n  (Olsen P)-0.662 
90 P205. y(%)=105.61-38.39 In (Olsen P)-0.537 

Olsen-P, ppm (0-20 cm) 



F igu re  3. Comparison o f  s i x  p a i r e d  t r i a l s :  f i t t e d  su r faces  
rep resen t i ng  mean d r y  m a t t e r  responses of b a r l e y  
f o l l o w i n g  f a 1  low (B/F) and b a r l e y  f o l l o w i n g  
b a r l e y  (B/B) t o  N and P f e r t i l i z e r s  

+/ha 
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Government b a r l e y  g r a i n  p r i c e  1295 SL/ton 

B a r l e y  s t raw p r i c e  450 SL/ton 

T r i p l e  superphosphate (46% P205) p r i c e  1300 SL/ton* 

Ammonium n i t r a t e  (30% N) p r i c e  1150 SLI ton*  

F e r t i l i z e r  a p p l i c a t i o n  cos t  20 SL /app l i ca t i on  

Ha rves t i ng  cos ts  10% o f  gross revenue 

Econanic a n a l y s i s  showed l i t t l e  o r  no ne t  revenue f rom t h e  use o f  

n i t r o g e n  i n  t h e  absence o f  phosphate i n  e i t h e r  a g r i c u l t u r a l  s t a b i l i t y  

zone 2 o r  3 (Table 3).  Phosphate a lone  was moderate ly  p r o f i t a b l e ,  b u t  

t h e  bes t  r e s u l t s  i n  -both zones came from u s i n g  t h e  two f e r t i l i z e r s  

toge ther .  

Table 3 Ca lcu la ted  values o f  ne t  revenues and marginal  n e t  b e n e f i t :  
c o s t  r a t i o s  f o r  a g r i c u l t u r a l  s t a b i l i t y  zones 2 and 3. 

Net  revenue, SL/ha Net bene f i  t : c o s t  r a t i o s  
------------------ ....................... 

P205 r a t e :  0 30 60 90 0 30 60 90 

N r a t e  ------ 

Zone 2 0 - 329 456 638 - 2.15 1.74 1.70 
(9  tr i a1 s) 20 -38 573 844 701 < 0 1.99 2.04 1.43 

40 -35 471 626 711 < 0 1.30 1.32 1.23 
6 0 -269 279 700 835 < 0 0.66 1.23 1.24 

Zone 3 0 - 217 309 432 - 1.54 1.26 0.55 
(13 t r i a l s )  20 72 378 587 541 0.34 1.42 1.53 1.14 

4 0 60 333 603 639 0.21 0.96 1.28 1.12 
6 0 -72 386 609 874 < 0 0.88 1.09 1.29 

* F igu res  f o r  f e r t i l i z e r s  are farmgate p r i c e s  i n c l u d i n g  t r anspo r t .  



The de r i ved  n e t  benef i t l c o s t  r a t i o s  imp l y  t h a t  marg ina l  p r o f i t  

r a t e s  o f  over  100% can be achieved through f e r t i l i z e r  use. The l a r g e  

increases i n  ne t  revenue p e r  hec ta re  (max. 844 SLIha a t  N20P60 i n  zone 

2 and Inax. 874 SL/ha a t  N60P90 i n  zone 3 )  can accanmodate many 

over looked costs.  However, any suggest ion t h a t  t he re  was a  r e a l  zonal  

d i f f e r e n c e  here would be u n j u s t i f i e d .  It w i l l  be necessary t o  w a i t  

u n t i l  another  y e a r  has brought  more data.  

S i x  o f  t h e  s i t e s  used f o r  t r i a l s  i n  1984/85 were r e t a i n e d  i n  

1985186 f o r  an i n v e s t i g a t i o n  o f  f e r t i l i z e r  r e s i d u a l  e f f e c t s ,  u s i n g  a  

mixed bar ley+ve tch  t e s t  crop. O f  t h e  f o u r  s i t e s  s u c c e s s f u l l y  

harvested, two ( s t r o n g l y )  and one (marg ina l l y )  showed vetch hay 

responses t o  r e s i d u a l  phosphate. Bar ley ,  harvested as hay, responded 

s i g n i f i c a n t l y  a t  on l y  one o f  those  s i t e s .  Any res idua l  e f f e c t  f rom 

n i t r o g e n  f e r t i l i z e r  was l i m i t e d  t o  a  s l i g h t  r e d i s t r i b u t i o n  o f  hay 

p roduc t i on  between i t s  b a r l e y  and vetch components. 

2.2.2 Social and Econaic  Research 

Component, 1984/85 Season 

The o b j e c t i v e s  o f  t h i s  component a r e  t o  conduct s o c i a l  and economic 

s tud ies  a t  t h e  farm l e v e l  i n  o rde r  t o  : 

1. Fo l l ow  farmers '  r e a c t i o n ,  understanding and e v a l u a t i o n  o f  t h e  

t r i a l s  th rough  t h e  season and t o  f i n d  problems r e l a t e d  t o  

f e r t i l i z e r  a c q u i s i t i o n  and a p p l i c a t i o n .  



2. To understand farmers '  p r a c t i c e s ,  cos t s  and resources i n  

o r d e r  t o  s tudy s o c i a l  and economic f e a s i b i l i t y  o f  f e r t i l i z e r  

use. 

3. To o b t a i n  th rough farm l e v e l  p r i c e s  i n f o r m a t i o n  on i npu t s ,  

se rv ices ,  wages, t r a n s p o r t a t i o n ,  c o s t s  and product  i n  o rde r  

t o  conduct economic a n a l y s i s  on f e a s i b i  1  i t y  and p r o f i t a b i l i t y  

o f  f e r t i l i z e r  use. 

T h i r t y  seven farmers were mon i to red  th rough 1984/85 season w i t h  

two v i s i t s :  

1. The f i r s t  v i s i t  was conducted d u r i n g  December 1984 and 

January 1985 a f t e r  p l a n t i n g .  I n  t h i s  v i s i t ,  p r e l  im ina ry  

ques t ions  on p rac t i ces ,  crops, resources and i n p u t s  were 

asked. 

2. The second v i s i t  was i n  November 1985 a f t e r  p roduc t i on  

d i sposa l  and emphasized i n f o r m a t i o n  on y i e l d s ,  p r o d u c t i o n  

p r i c e s ,  u t i l i z a t i o n  and market ing. 

These v i s i t s  were d i r e c t e d  t o  t h r e e  groups o f  farmers a t  each 

s i t e :  (a) farmers c o l l a b o r a t i n g  w i t h  t h e  p r o j e c t ,  (b)  o t h e r  farmers 

f rom t h e  same v i l l a g e ,  and ( c )  farmers f rom neighbour ing v i l l a g e s .  A t  

each farm v i s i t e d ,  t h e  l a r g e s t  b a r l e y  p l o t  was se lec ted  f o r  o b t a i n i n g  

t e c h n i c a l  in fo rmat ion .  Even though t h i s  may impar t  c e r t a i n  b iases  t o  

t h e  ana lys is ,  exper ience  i n d i c a t e s  t h a t  i t  w i l l  ensure more accura te  

t e c h n i c a l  data. 



The values f o r  t o t a l  dry matter  and grain y ie lds  obtai.ned from an 

ana lys i s  of covariance of the  pooled data were used t o  evaluate  t h e  

econanic f e a s i b i l i t y  of f e r t i l i z e r  applicat ion and derive t h e  potential  

y i e l d  f o r  each zone. Farm gate pr ices  were used f o r  gra in ,  straw and 

f e r t i l i z e r .  Under these assumptions f e r t i l i z e r  appl ica t ion 

cons i s t en t ly  gave increased gross revenues higher than t h e  increased 

cos ts .  These r e s u l t s  were f u l l y  reported in l a s t  y e a r ' s  annual r epor t ,  

and in  t h i s  report  we focus on two aspects ,  namely t h e  y i e l d  gap 

between our o n - f a n  t r i a l s  and current  farmers' y i e l d s ,  and the  impact 

of our f i r s t  y e a r ' s  t r i a l s  on farmers a t t i t u d e  towards f e r t i l i z e r  use. 

Analysis of t h e  y ie ld  gap (de Datta -- e t  a l . ,  1978) i d e n t i f i e d  two 

components: (1) t h a t  between experiment s t a t i o n  y i e l d s  and potent ia l  

y i e l d s  on farmers'  f i e l d s  (on-farm t r i a l s ) ;  t h i s  i s  unrecoverable, 

s ince  i t  i s  due t o  non-transferrable technology and envi ronmental 

d i f ferences ;  and ( 2 )  t h a t  between potent ia l  and actual farm y ie lds .  

Discussion here focuses on t h i s  l a t t e r  component which, a s  i t  i s  due t o  

biological and/or socio-econanic cons t ra in t s ,  i  s  recoverable. 

Biological cons t ra in t s  include va r ie ty ,  weed, pests  and diseases ,  

water,  s o i l s ,  e t c . ,  while socio-economic const ra in ts  involve t r a d i t i o n  

and a t t i t u d e s ,  knowledge, c o s t s  and re tu rns ,  c r e d i t ,  input a v a i l a b i l i t y  

and i n s t i t u t i o n s .  

I t  i s  c l e a r  fran Fig. 4 t h a t  there  a r e  substant ia l  y i e l d  gaps, 

both in  zone 2 and 3  between fanners and t h e  o n - f a n  t r i a l  y ie lds .  In 

t e r n s  of the  economically optimal y i e l d s ,  i t  appears t h a t  farmers' 

y i e l d s  can be increased by 1630 kg/ha (168%) in zone 2 and 1376 kg/ha 



F igu re  4. Y i e l d  Gaps i n  b a r l e y  g r a i n  y i e l d s ,  SD/FSP t r i a l s ,  
1984/85, N. S y r i a  
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(211%) i n  zone 3. O f  t h i s  p o t e n t i a l  increase 919 kg lha  i n  zone 2 and 

800 kg lha  i n  zone 3 i s  d i r e c t l y  a t t r i b u t a b l e  t o  f e r t i l i z e r  use. The 

o t h e r  p o t e n t i a l  i nc rease  i s  due t o  o t h e r  management f a c t o r s .  I n  

on-farm t r i a l s ,  a t  every  s i t e ,  t h e  i n i t i a l  c u l t i v a t i o n  was done by t h e  

farmer ,  b u t  t he  f i n a l  seedbed was prepared w i t h  a  sp i ked - too th  harrow 

immediate ly  p r i o r  t o  sowing. Ba r l ey  seed, t r e a t e d  w i t h  v i t avax ,  was 

sown a t  t he  r a t e  o f  100 kg/ha us ing  an Oyjord p lan te r .  The phosphorus 

f e r t i l i z e r  and h a l f  o f  t h e  n i t r o g e n  was d r i l l e d  w i t h  t h e  seed, t h e  

remain ing n i t r o g e n  was top-dressed a t  t h e  t i l l e r i n g  stage. Weeds were 

c o n t r o l l e d  by a  s i n g l e  a p p l i c a t i o n  o f  Brominal  P lus a t  t h e  t i m e  o f  

top-dress ing.  Table 4 summarized farmers '  p r a c t i c e s  i n  t h e i r  f i e l d s .  

Table 4 Farmers' p r a c t i c e s  (% o f  farmers)  

Zone Reg i o n  
----------- -------------- - 

Nor th -  North- 
2  3 west east  T o t a l  

1. C u l t i v a t i o n  b e f o r e  autumn 
2. C u l t i v a t i o n  d u r i n g  autumn 
3. Two c u l t i v a t i o n s  (1+2) 
4. No pre-sowing t i l l a g e  
5. Use o f  t r e a t e d  seed 
6. V a r i e t i e s :  

A rab i c  Aswad 
A r a b i c  Abiad 

7. Average seed r a t e  ( kg lha )  

8. Manual broadcast ing o f  seed 
9. Mechanical b roadcas t ing  

of seed 
10. D r i l l i n g  o f  seed 
11. Weeding 
12. Graz ing a1 1 over  b a r l e y  

f i e l d  a t  green stage 



The farmers main r e a c t i o n  t o  t h e  t r i a l s  i s  mani fested,  a f t e r  j u s t  

one yea r  o f  t r i a l s ,  i n  changes i n  f e r t i l i z e r  use. It must be 

emphasized t h a t  these  t r i a l s  were no t  demonstrat ions no r  p a r t  o f  an 

ex tens ion  e f fo r t .  They were on-farm t r i a l s  which are an i n t e g r a l  p a r t  

o f  research w i t h  a  fa rming  systems perspect ive.  A1 1  t h e  farmers 

repo r ted  t h a t  t h e  t r i a l s  were b e n e f i c i a l ,  successfu l  and i n t e r e s t i n g .  

Among t h e  moni tored farmers,  f e r t i l i z e r  use increased f rom 11% t o  35% 

w i t h i n  a  year. Another  35% would l i k e  t o  use f e r t i l i z e r  b u t  f ace  

va r i ous  problems. The a c t u a l  use o r  i n t e r e s t  i n  f e r t i l i z e r  use was 

cons iderab ly  h i g h e r  among those who were a b l e  t o  observe t h e  t r i a l s .  

About 54 percen t  r epo r ted  problems t h a t  prevent  them us ing  

f e r t i l i z e r ,  t h e  most impor tan t  be ing  shor tage o f  funds o r  c r e d i t  and 

f e r t i l i z e r  u n a v a i l a b i l i t y .  Most farmers are present  i n  t h e  v i l l a g e  a t  

f e r t i l i z e r  a p p l i c a t i o n  t ime,  b u t  farmers who have sharecroppers o r  

l a n d l o r d s  have t o  c o n s u l t  t h e  o t h e r  p a r t n e r  be fo re  us ing  f e r t i l i z e r .  

F i n a l l y ,  these  r e s u l t s  a re  f rom t h e  f i r s t  season o f  t h e  p r o j e c t .  

The p r o j e c t  w i l l  con t inue  f o r  severa l  years.  The socio-economic 

research  component n i l  1  a l s o  cont inue.  More conc lus i ve  r e s u l t s  a r e  

expected a f t e r  severa l  seasons o f  t r i a l s .  

S o i l s  D i r e c t o r a t e  o f  Sy r i a :  J. Abdul Karim, K. E l  H a j j ;  ICARDA: M. 

Jones, H. H a r r i s ,  K.Some1, A. Matar,  A. Mazid, P. Cooper 



2.3 ON-STATION ROTATION TRIALS WITH BARLEY AND FORAGE LEGlMES 

2.3.1 I n t r o d u c t i o n  

Sheep r e a r i n g  i s  t h e  dominant a c t i v i t y  o f  t h e  200-300 mm r a i n f a l l  zone 

o f  no r t he rn  Syr ia .  Most f l o c k s  have some access t o  g raz ing  on marg ina l  

h i l l  land o r  i n  t h e  ad jacent  l o w e r - r a i n f a l l  steppe zone, b u t  t h e  ma jo r  

feed source almost everywhere i s  ba r l ey ,  g r a i n  and straw. Large areas 

i n  t h e  zone a re  t h e r e f o r e  cropped t o  r a i n f e d  ba r l ey ,  grown i n  r o t a t i o n  

w i t h  bare  f a l l o w ,  monocropped, o r  (much more r a r e l y )  r o t a t e d  w i t h  

f o rage  legumes. Y ie l ds  vary  g r e a t l y  w i t h  r a i n f a l l  bu t  a re  g e n e r a l l y  

r a t h e r  poor. I t  i s  repor ted  t h a t  y i e l d s  have f a l l e n  severe ly  over  t h e  

l a s t  t h i r t y  years (Jauber t  and Oglah, 1985) and t h a t  farmers c u r r e n t l y  

expect  an average o f  on l y  600-700 k g  grain/ha. The i n t r o d u c t i o n  o f  

t r a c t o r s  has enabled farmers t o  c u l t i v a t e  a  l a r g e r  p r o p o r t i o n  o f  t h e i r  

l and  every year ,  and t h e  consequent inc rease  i n  t h e  f requency o f  

c ropp ing  t o  low- inpu t  cont inuous b a r l e y  has probably  b rought  about a  

d e c l i n e  i n  s o i l  f e r t i l i t y .  

Over t h e  l a s t  8 years,  I C A R D A  s c i e n t i s t s  have been seeking ways 

t o  reverse  t h e  f a l l  i n  y i e l d s  and make more e f f i c i e n t  use o f  t h e  l and  

f o r  sheep rear ing .  I n  p a r t i c u l a r ,  t h e  replacement o f  f a l l o w s  w i t h  

annua l l y  sown fo rage  legumes i s  seen as hav ing  g rea t  p o t e n t i a l .  I n  

o rde r  t o  understand b e t t e r  t h e  b i o l o g i c a l ,  t e c h n i c a l  and economic 

f a c t o r s  invo lved ,  t h r e e  r o t a t i o n a l  t r i a l s  were es tab l i shed  some yea rs  

ago, and t h e  p resen t  r e p o r t  summarizes t h e i r  b i o l o g i c a l  and economic 

p r o d u c t i v i t y  t o  date.  The t r i a l s  are:  



S i t e  
- --------  

New R o t a t i o n  T e l  Hadya 
New R o t a t i o n  Breda 
O l d  R o t a t i o n  Breda 

Year o f  
es tab l i shment  

2.3.2 New R o t a t i o n  T r i a l s .  Exper imenta l  

A t  bo th  s i t e s ,  t h e  des ign i s  an incomplete f a c t o r i a l  combinat ion o f  s i x  

two-year  r o t a t i o n s  and s i x  f e r t i l i z e r  t rea tments  (Table 5 ) .  Each 

t rea tment  can be cons idered t o  c o n s i s t  o f  two one-year phases, and 

t h r e e  r e p l i c a t e s  o f  each phase a r e  p l an ted  each y e a r  as f u l l y  

randomized complete blocks. 

Table 5 New R o t a t i o n  t r i a l s :  d e f i n i t i o n  o f  t rea tments  

F e r t i l i z e r  
Regime Ro ta t i on :  A B  C D E F  

- - -------------  Phase 1: Ba r l ey  Ba r l ey  Ba r l ey  Bar ley  B a r l e y  Ba r l ey  
N:P205 i n  Phase 2: Peas P+B Vetch V+B F a l l o w  B a r l e y  

Numbers i n  t he  main body o f  t h e  t a b l e  are those ascr ibed t o  p a r t i c u l a r  
t r ea tmen t  combinat ions o f  r o t a t i o n  and f e r t i  1  i z e r  regimes. F e r t i  1  i z e r  
m a t e r i a l s  a re  ammonium n i t r a t e  and t r i p l e  superphosphate. The r a t e  o f  
N f e r t i l i z e r  i nd i ca ted ,  20 kg Nlha, a p p l i e d  t o  Breda only ;  a t  T e l  Hadya 
t h e  r a t e  was 40 kg  N/ha. 

PtB = Peas jbar ley  m ix tu re ;  V+B = V e t c h l b a r l e y  m i x t u r e  



Crops, a1 1 local landraces, a r e  d r i l l e d  a t  17.5 cm row-spacing 

i n t o  moist soi l  in 6.5 x 12.5 m p lo t s  in November or December a t  seed 

r a t e s  (kg/ha): barley (var.  Arabic Aswad), 90; peas, 200, vetch, 150, 

peas + barley mixture, 185 + 15; and vetchlbarley mixture, 135 + 15. 

A1 1 legumes a r e  previously inoculated with appropriate rhizobia. 

F e r t i l i z e r s  a re  d r i l l e d  with t h e  seed, but a t  Tel Hadya half t h e  

nitrogen i s  held back and top-dressed a t  the s t a r t  of stem extension. 

Weeds are  control led with herbicides o r ,  in mixed crops and bare 

fa1 lows, by hand. Following farmer p rac t i ce ,  fallows a re  cu l t iva ted  in 

e a r l y  Apri 1 . 
The legumes (and mixtures) a r e  harvested a t  the  hay stage ( e a r l y  

pod s e t )  and the  barley as a mature crop. Hay, grain and straw y ie lds  

a r e  assessed from six 1 m row lengths randomly selected in  each plot .  

All remaining plant  material i s  then hand pulled and removed t o  leave 

t h e  land as bare fal low f o r  the  r e s t  of the  summer, again following 

farmer pract ice.  In l a t e  October a l l  p lo ts  a r e  t i l l e d  with a duck's  

foot  c u l t i v a t o r  and then harrowed with a spiked-tooth harrow 

immediately before seeding. 

The r e s u l t s  presented here include: 

1. A summary of biological y i e l d  over the  f i r s t  four  years  of 

each t r i a l :  hay f ran  the  legume p lo t s  and t o t a l  dry matter 

from t h e  barley. (Grain and straw separa te ly  show very 

s i m i l a r  t rends.)  



2. Economic c a l c u l a t i o n s  based on contemporary c o s t s  and p r i c e s  

o f  i npu t s ,  se rv i ces  and products .  

2.3.3 B i o l o g i c a l  Y i e l d  

Y i e l d s  were a  f u n c t i o n  o f  t h r e e  f a c t o r s :  weather, f e r t i l i z e r  regime and 

c rop  r o t a t i o n .  Cons ider ing  weather f i r s t ,  two f a c t o r s  were o f  obvious 

importance, r a i n f a l  1  and f r o s t .  Mean d r y  m a t t e r  p roduc t i on  inc reased  

i n  an approx imate ly  1  i n e a r  f a s h i o n  w i t h  i nc reas ing  t o t a l  seasonal 

r a i n f a l l  (F ig .  5). Desp i te  s o i l  d i f f e r e n c e s ,  va lues from t h e  two s i t e s  

appa ren t l y  shared t h e  same r e l a t i o n s h i p s ,  w i t h  increases o f  rough ly  21 

kg  b a r l e y  d r y  m a t t e r  and 16 kg legume hay p e r  hec ta re  p e r  mm inc rease  

i n  r a i n f a l  1. There was on l y  one s i g n i f i c a n t  e f f e c t  f rom f r o s t ;  i n  

1984185, peas a t  b o t h  s i t e s  were k i l l e d  by l a t e  s p r i n g  f r o s t s ,  and 

p r o d u c t i v i t y  was e f f e c t i v e l y  zero. 

The main d i f f e r e n c e  due t o  f e r t i l i z e r  l a y  between " w i t h "  and 

"w i t hou t " ,  i.e., regimes I - V  v. V I  (Table 6) .  A t  Te l  Hadya, f e r t i l i z e r  

i ncreased mean d r y  m a t t e r  y i e l d s  over  those o f  t h e  z e r o - f e r t i l  i z e r  

c o n t r o l  by 34, 35 and 50% i n  t h e  bar ley l legume,  b a r l e y l f a l l o w  and 

b a r l e y l b a r l e y  r o t a t i o n s ,  r e s p e c t i v e l y .  Corresponding f i g u r e s  f o r  Breda 

were 72, 59 and 56%. 

D i f f e r e n c e s  due t o  t h e  t i m i n g  o f  t h e  phosphate component were 

sma l l  (compare regimes 111, I V  and V i n  t h e  bar ley l legume r o t a t i o n s )  

bu t  sometimes s i g n i f i c a n t .  C o n s i s t e n t l y ,  b o t h  b a r l e y  and legume crops 

y i e l d e d  more when phosphate had been app l i ed  i n  t h e  c u r r e n t  r a t h e r  than  
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the  a l t e r n a t e  y e a r  of the  r o t a t i o n ,  with the  s p l i t  treatment (regime 

IV) intermediate; b u t  only f o r  legumes a t  Breda did t h e  mean di f ference  

over four years exceed 10%. 

Table 6 New Rotation t r i a l s :  mean 4-year f e r t i l i z e r  e f f e c t s  on crop 
dry mat ter  production ( t / h a )  

Fert  i l  i z e r  regime 
------------------- 

N:P205 t o  phase Barley dry matter  Legume hay 
--------------- ----------------- ---------------- 

Rotation No. Barley Leg/Fal Tel Hadya Breda Tel Hadya Breda 

Barleylfal  low I11 20:60 
VI O:o 

Comparisons of regimes I1 and 111 in t h e  barley/barley ro ta t ions  

show, not surpr is ingly ,  t h a t  barley yielded more on cur ren t ly  applied 

than on residual f e r t i l i z e r .  In f a c t ,  t h e  d i f ference  was q u i t e  small: 

mean, 22% a t  Tel Hadya, 10% a t  Breda. The g rea te r  response a t  Tel 

Hadya, t h e  wetter  s i t e ,  perhaps implies t h a t  i t  i s  the  nitrogen t h a t  i s  

t h e  more important canponent t o  have applied i n  the  current  year. 

Comparison of t h e  t h r e e  types  of ro ta t ion ,  barley/ legume, 

barley/fallow and barleylbarley can be made f o r  only th ree  years  



(omitt ing 1982/83, t h e  establishment year)  and across only two 

f e r t i l i z e r  regimes (111, N and P appl ied ,  once per two years ,  t o  t h e  

barley;  and VI, no f e r t i l i z e r ) .  Such a  comparison i s  necessari ly 

l imited t o  barley. The main f e a t u r e  i s  t h e  immense var ia t ion  i n  

ro ta t ion  e f f e c t  f r an  one year  t o  t h e  next, evident even a f t e r  only 

t h r e e  years  and apparently re la ted  t o  r a i n f a l l  (Fig. 6) .  I n  1984/85, a  

r e l a t i v e l y  wet year ,  barley productivi ty was l i t t l e  influenced by t h e  

nature of t h e  ro ta t ion ,  pa r t i cu la r ly  i f  f e r t i l i z e r  was applied; b u t  in 

1983/84 and 1985/86, both r e l a t i v e l y  dry years ,  y ie lds  of barley 

following fa1 low and, t o  a l e s se r  ex ten t ,  barley following legume were 

g r e a t l y  superior  t o  those of barley following barley. However, r e s u l t s  

of addit ional  t reatments in regimes I and I 1  show t h a t  the  i n f e r i o r i t y  

of t h e  barleylbarley ro ta t ion  was mitigated by t h e  residual e f f e c t s  of 

f e r t i l  i z e r  applied in t h e  a l t e r n a t e  year:  (compare treatments 19 with 

20, and 22 with 21). Perhaps t h e  most remarkable fea tu re  throughout 

was t h e  c lose  correspondence in these various e f f e c t s  between s i t e s  

and, where treatments a r e  comparable, with those in t h e  Old Rotation 

t r i a l  ( see  l a t e r  in t h i s  sec t ion) .  

Differences between individual barleyllegume ro ta t ions  were 

general ly small. Figure 7 shows t h e  sequence o f  dry matter y i e l d s  

(meaned over four f e r t i l i z e r  regimes) in each of the  two phases of the  

four  rotat ions.  The f a i l u r e  of peas in 1984185 stands out ;  b u t  over 

t h e  other three  seasons, any advantage was usually w i t h  peas. In the 

three-yeaF means, peas and peas + barley outyielded vetch and 

vetch + barley very s ign i f i can t ly  a t  Tel Hadya (p=0.001; 33% increase)  
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F i g u r e  6. New r o t a t i o n  t r i a l s ,  b a r l e y  d r y  m a t t e r  y i e l d s ,  1983-86: means o f  
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means ( = I ) ;  a)  f e r t i l i z e d  r o t a t i o n ,  regime 111; b) u n f e r t i l i z e d  
r o t a t i o n ,  reg ime V I  ( t o  i d e n t i f y  t rea tmen ts ,  see Tab le  5 )  



F i g u r e  7. New r o t a t i o n  t r i a l s :  sequence o f  mean d r y  m a t t e r  y i e l d s  
i n  t h e  f o u r  b a r l e y l l e g u m e  r o t a t i o n s ;  two phases p e r  
s i t e  
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and marg ina l l y  a t  Breda (p=0.10; 13%) (Table 7). D i f f e rences  i n  b a r l e y  

c rops  f o l l o w i n g  t h e  four  legume t rea tments  were sma l l e r  b u t  i n  t h e  same 

d i r e c t i o n .  Tak ing b o t h  s i t e s  toge ther ,  b a r l e y  f o l l o w i n g  peas o r  

peas + b a r l e y  y i e l d e d  5.5% more t han  b a r l e y  f o l l o w i n g  ve t ch  o r  

ve tch  + b a r l e y  (4.76 v. 4.50 t l h a ;  p=0.05). 

Table 7 Bar ley l legume r o t a t i o n s  i n  New R o t a t i o n  t r i a l s :  e f f e c t  o f  
t h e  na tu re  o f  t h e  legume phase on p roduc t i on  o f  hay and o f  
b a r l e y  d r y  m a t t e r  i n  t h e  subsequent season (3-year  means, 
t l h a )  

Legume hay Ba r l ey  d r y  m a t t e r  
....................... ....................... 

Legume phase Te l  Hadya Breda Mean Te l  Hadya Breda Mean 

Peas 4.35 2.15 3.25 5.59 4.31 4.95 

Peas + b a r l e y  4.18 2.42 3.30 5.07 4.06 4.56 

Vetch 3.15 1.88 2.51 5.20 4.05 4.63 

Vetch + b a r l e y  3.30 2.16 2.73 4.96 3.80 4.38 

Here and subsequently: *** , **, *, + and NS i n d i c a t e  s i g n i f i c a n c e  a t  
p=0.001, 0.01, 0.05 and 0.10 and non -s i gn i f i cance ,  r espec t i ve l y .  

A t  Breda, m i x i n g  b a r l e y  w i t h  t h e  legume increased hay p roduc t i on  

by about 14% (2.30 v. 2.01 t l h a ,  p=0.05), bu t  a t  Te l  Hadya, t h i s  e f f e c t  

was seen on l y  w i t h  vetch and was i n  any case much smal ler .  However, 

mixed forage c rops  g e n e r a l l y  had an adverse e f f e c t  on t h e  f o l l o w i n g  

b a r l e y  crop. Over t h r e e  years  a t  two s i t e s ,  t h e  m a n  r e d u c t i o n  i n  



b a r l e y  d r y  m a t t e r  was about 7% (4.47 v. 4.79 t / ha ;  p=0.05). 

2.3.4 Economics 

I n  complex r o t a t i o n  t r i a l s ,  b i o l o g i c a l  data a lone a re  r a r e l y  s u f f i c i e n t  

t o  demonstrate t h e  s u p e r i o r i t y  o f  one t rea tment  o r  r o t a t i o n  over  

another.  Y ie l ds  expressed i n  t e n s  o f  kilogrammes pe r  hec ta re  o f  g r a i n  

o r  hay o r  d r y  m a t t e r  t ake  no account o f  d i f f e r e n c e s  i n  cash o r  

u t i l i z a t i o n  value nor  o f  d i f f e r e n c e s  i n  cos t  o f  product ion.  For  v a l i d  

comparison it i s  necessary t o  assess a l l  t rea tments  on a  cash bas is .  

To t h i s  end, us ing t h e  money va lues g iven i n  Table 8, two economic 

i n d i c e s  have been ca lc-u la ted:  

1. Net value: revenue f r a n  t h e o r e t i c a l  sa le  o f  crops minus t h e  

c a l c u l a t e d  cos t  o f  p roduc t ion .  

2. Rate o f  r e t u r n :  r a t i o  o f  n e t  value t o  t o t a l  p roduc t i on  cost.  

N e t  value was increased b y  f e r t i l i z e r  use i n  a l l  r o t a t i o n s  a t  

bo th  s i t e s .  I t s  mean was 28% and 78% h ighe r  a t  T e l  Hadya and Breda, 

r e s p e c t i v e l y ,  i n  f e r t i l  i z e r  regime I 1  I compared w i t h  regime V I ,  t h e  

z e r o - f e r t i l i z e r  c o n t r o l  (Table 9).  However, increases i n  r a t e  o f  

r e t u r n  were l i m i t e d  t o  Breda, where t hey  were moderate ly  l a r g e  and 

s i g n i f i c a n t  i n  a l l  f o u r  r o t a t i o n s  i n v o l v i n g  legumes bu t  s m a l l e r  and 

n o n - s i g n i f i c a n t  i n  b a r l e y / b a r l e y  and, p a r t i c u l a r l y ,  b a r l e y / f a l l o w  

r o t a t i o n s .  



Table 8 New R o t a t i o n  t r i a l s :  c o s t s  and p r i c e s  assumed i n  c a l c u l a t i n g  
n e t  va lues  and r a t e s  of  r e t u r n  

Costs  

C u l t i v a t i o n ,  SL/ha 

F e r t i l i z e r :  SL/kg N 
SLIkg P205 

Seed: SL/kg b a r l e y  
SLIkg vetch 
SLIpeas 

Harvest :  ba r l ey ,  SL/ t  g r a i n  
legume hay, c u t t i n g  
and ba l i ng ,  SLIha 

P r i c e s  o f  harvested 
product,SL/t 

B a r l e y  g r a i n  
B a r l e y  straw 
Legume hay 



Table 9 New R o t a t i o n  t r i a l s :  t h e  e f f e c t s  o f  c rop  r o t a t i o n  and 
f e r t i l i z e r  a p p l i c a t i o n  on ne t  value and r a t e  o f  r e t u r n ,  
shown as means over f o u r  seasons. 

F e r t i l i z e r  Ba r l ey  Ba r l ey  Ba r l ey  Ba r l ey  Ba r l ey  Bar ley  S.D. 
regime Sig. peas PtB vetch VtB f a l l o w  b a r l e y  ( t )  - Mean 

TEL HADYA 

Net  value, SL/ha: 
*** 

Mean * 3155 2906 2978 3020 2576 3199 96.9 

Rate o f  r e t u r n :  

Mean 2.38 2.26 2.24 2.32 3.45 3.34 0.063 

BREDA 

Net va lue,  SL/ha: 
*** 

Mean *** 1312 1411 1512 1614 1442 1988 35.2 

Rate o f  r e tu rn :  

Mean 1.11 1.20 1.26 1.39 2.58 2.82 0.024 

R o t a t i o n  e f f e c t s  were s i g n i f i c a n t  a t  bo th  s i t e s ,  b u t  l a r g e s t  

d i f f e r e n c e s  tended t o  be between one o r  bo th  ba r l ey -on l y  r o t a t i o n s  and 

t h e  four bar ley l legume r o t a t i o n s .  The b a r l e y l b a r l e y  and bar ley/ legume 



and r a t e  of re turn  a t  both s i t e s  barleylbarley was markedly superior .  

The di f ference  was p a r t i c u l a r l y  great  a t  Breda, where in  both 

f e r t i l i z e d  and unfe r t i l i zed  s i t u a t i o n s  the  r a t e  of return from t h e  

barleylbarley was double t h a t  from t h e  barleyllegume rota t ion.  

Because of t h e  a l t e r n a t e  bare-fallow years ,  mean annual dry  

matter  production in  t h e  barleylfal low was general ly lowet than t h a t  in 

o ther  ro ta t ions ;  but a t  Breda (though not Tel Hadya) i t s  net  value 

approached those of t h e  barley1 legume rota t ions  in t h e  presence of 

f e r t i l i z e r  and equalled or  exceeded them i n  t h e  absence of f e r t i l i z e r .  

A t  both s i t e s ,  r a t e s  of re turn  were close t o  those achieved by t h e  

barleylbarley and g rea te r  than any of those achieved by the  

barleyllegume rota t ions .  

Within the  barleyllegume ro ta t ions ,  the  timing of f e r t i l i z e r  

appl ica t ion had no s i g n i f i c a n t  e f f e c t  a t  e i t h e r  s i t e  (compare regimes 

111, IV and V i n  Table lob) .  However, a t  Breda but not Tel Hadya, 

the re  was a small b u t  consis tent  t r end ,  both in t h e  presence and t h e  

absence of f e r t i l i z e r ,  according t o  t h e  nature of the  legume component: 

Net value and r a t e  of return were higher when the legume phase 

included vetch r a t h e r  than peas and when i t  comprised a mixture with 

barley. 



Tab le  10 New R o t a t i o n  t r i a l s :  t h e  main e f f e c t s  o f  bar ley/ legume 
r o t a t i o n  and t h e  t i m i n g  of phosphate f e r t i l i z e r  on ne t  va lue 
( S L l h a l y r )  and r a t e  of r e t u r n ,  as means over f o u r  seasons, 
1982-86 

T e l  Hadya Bred a  
- - ----------------  ------------------ 

Rate o f  Rate o f  
Net va lue  r e t u r n  Net va lue r e t u r n  

a )  R o t a t i o n  e f f e c t s :  

R o t a t i o n  Treatments 

b )  F e r t i l i z e r  e f f e c t s :  

Regime Treatments 

D i f f e r e n c e s  between t h e  extremes, BJP v  B/V+B, were s t a t i s t i c a l l y  

s i g n i f i c a n t  i n  a l l  cases. Never the less,  it should be remembered t h a t  

these f i g u r e s  i nc l ude  one y e a r  i n  which peas f a i l e d .  I f  t h a t  y e a r  were 

om i t t ed  from t h e  c a l c u l a t i o n s ,  peas would probably  m e r g e  as s u p e r i o r  

t o  vetch a t  both s i t e s .  



2.3.5 Discussion 

The value o f  f e r t i  1  i z e r ,  a1 ready demonstrated i n  many annual t r i a l s ,  

was f u r t h e r  conf i rmed by these r o t a t i o n  t r i a l s .  N i t r ogen  and phosphate 

f e r t i l i z e r s  i n  combinat ion s u b s t a n t i a l  l y  increased t h e  p r o d u c t i v i t y  and 

p r o f i t a b i l i t y  o f  a l l  c rop  r o t a t i o n s  under t e s t .  Rates o f  r e t u r n  on t h e  

h i g h e r  investment i nvo l ved  were a t  l e a s t  as good as, i f  n o t  b e t t e r  

than, those on t h e  lower  investment o f  t r a d i t i o n a l  ~ r a c t i c e .  

The r o t a t i o n  ques t i on  i s  more prob lemat ic .  O f  t h e  two 

b a r l e y - o n l y  r o t a t i o n s ,  cont inuous b a r l e y  was c l e a r l y  t h e  more 

p r o d u c t i v e  and p r o f i t a b l e  o p t i o n  i n  t h e  s h o r t  p e r i o d  under t e s t ,  b u t  it 

i s  u n c e r t a i n  how long  t h i s  cou ld  cont inue.  Local  exper ience i s  t h a t  

y i e l d s  o f  con t inuous  c e r e a l s  d e c l i n e  over  t ime. It seems t h a t  t h e  

d e c l i n e  can be moderated by u s i n g  f e r t i l i z e r s ,  though p robab ly  n o t  

comple te ly  nor i n d e f i n i t e l y .  The cause o f t e n  suggested i s  a  b u i l d - u p  

o f  p l a n t  pathogens, b u t  as y e t  t h i s  remains unproven. Now t h e  

obse rva t i on  of  a  l a r g e  seasonal v a r i a t i o n  i n  t h e  e f f e c t s  o f  r o t a t i o n  on 

b a r l e y  performance apparen t l y  adds ano ther  f a c t o r .  

The repor ted  d e c l i n e  i n  monocropped b a r l e y  y i e l d s  was, o f  course, 

t h e  main reason f o r  t e s t i n g  r o t a t i o n s  w i t h  fo rage  legumes i n  t h e  f i r s t  

p lace. I n  terms o f  d r y  m a t t e r  y i e l d ,  such r o t a t i o n s  have proved t o  be  

h i g h l y  p roduc t i ve ,  b u t  they have n o t  so f a r  matched t h e  p r o f i t a b i l i t y  

o r  r a t e  o f  r e t u r n  o f  cont inuous ba r l ey .  P a r t  o f  t h e  reason f o r  t h i s  

l i e s  i n  t h e  exper imenta l  procedure so f a r  employed. Harves t ing  legumes 

green as hay i n v o l v e s  s u b s t a n t i a l  hand h a r v e s t i n g  and b a l i n g  cos ts .  It 



a l so  necess i t a tes  annual seed purchase, and seed cos t s  o f  ve tch  and 

peas a re  p resen t l y  double those o f  bar ley .  More econanical  o p t i o n s  a r e  

t o  use t h e  legumes as pastures t o  graze lambs i n  t h e  s p r i n g  o r  as 

s tand ing  hay l a t e r  i n  t h e  summer. The l a t t e r  a l lows enough seed t o  be 

harvested f o r  t h e  next  season's p l a n t i n g .  I n  f u t u r e ,  fo rage  legumes i n  

these  t r i a l s  w i l  1 be harvested a t  m a t u r i t y  and w i l l  be cos ted  f o r  

p a r t i a l  seed ha rves t  and subsequent g raz ing  -- i n  s i t u .  

The d e c i s i o n  as t o  which f o rage  legume, vetch o r  peas, i s  t h e  

more s u i t a b l e  has been t e m p o r a r i l y  reso lved  i n  favour  o f  vetch. 

O v e r r i d i n g  t h e  smal l  d i f f e r e n c e s  observed i n  p r o d u c t i v i t y  a r e  two o the r  

f a c t o r s  a f f e c t i n g  peas: ev idence o f  g raz ing  u n p a l a t a b i l  i t y  ( ICARDA,  

1984, p  51-57), and s u s c e p t i b i l i t y  t o  f r o s t .  Perhaps i n  t h e  long  t e rm  

i t  might  be w i s e r  t o  seek more p a l a t a b l e  v a r i e t i e s  than  t o  abandon t h e  

spec ies complete ly ,  f o r  a  p o t e n t i a l  f o r  h i gh  p r o d u c t i v i t y  has been 

demonstrated. Moreover, t h e  me teo ro log i ca l  records i n d i c a t e  t h a t  f r o s t  

as severe as t h a t  which k i l l e d  peas i n  1985 may be a very r a r e  event. 

Recent research (see ICARDA 1986 p. 26-42) has i n d i c a t e d  t h a t  l a t h y r u s  

i s  w e l l  adapted t o  d r y l and  c o n d i t i o n s  i n  terms o f  bo th  seed and t o t a l  

d r y  m a t t e r  p roduc t ion ,  and has no p a l a t a b i l i t y  problems. Hence, f o r  

t h e  immediate f u t u r e  i n  these t r i a l s  l a t h y r u s  w i l l  be s u b s t i t u t e d  f o r  

peas. 

The e f f e c t  o f  m i x i ng  i n  a  sma l l  percentage o f  b a r l e y  w i t h  t h e  

legume was general l y  smal l .  A sma l l  increase i n  d r y  m a t t e r  p roduc t i on  

may be expected bu t  a t  t h e  expense o f  a  s l i g h t l y  reduced b a r l e y  y i e l d  

i n  t h e  f o l l o w i n g  year .  On present  evidence, t h i s  i s  r a t h e r  a  minor 

i ssue. 



2.3.6 Old Rotation. Experimental 

This  t r i a l ,  l i k e  t h e  New Rotation t r i a l s ,  compares t h r e e  types of 

two-year ro ta t ion ,  barley/legume, barley/fal low and barley/barley. In 

t h i s  case,  t h e  legumes include l e n t i l s  and chickpeas as well as  vetch 

and peas, b u t  t he  degree of combination with d i f f e r e n t  f e r t i l i z e r  

regimes i s  much more l imited (Table 11). Again, the re  a r e  th ree  

r e p l i c a t e s ,  and each r e p l i c a t e  c a r r i e s  two p lo t s  of every treatment,  

one f o r  each phase (yea r )  of t h e  ro ta t ion .  Management i s  general ly 

s i m i l a r  t o  t h a t  described f o r  t h e  o the r  t r i a l s .  All f e r t i l i z e r  i s  

d r i l l e d  with the  seed; and seed r a t e s  a re  (kg/ha): barley (var.  

Beecher), 90; vetch and l e n t i l s ,  150; and peas and chickpeas, 200. 

We present here a summary of ro ta t ion  and f e r t i l i z e r  e f f e c t s  on 

y i e l d s ,  1981-86, and t h e i r  r e la t ion  t o  water u t i l i z a t i o n ,  and an 

economic analys is  f o r  t h e  years  1984-86. 

Table 11 Old Rotation t r i a l :  d e f i n i t i o n  of treatments 

Rotat  ions 
F e r t i l  i z e r  ............................................ 

(N:P2O5) Phase 1: Barley Barley Barley Barley Barley Barley -- ------ ------- Phase 2: Vetch Peas Lenti l  Chickpeas Fallow Barley 
Phase 1 Phase 2 

Treatment 3 i s  dupl icated throughout. Full data f o r  treatments 9 ,  10 
and 11 a r e  not avai lable  f o r  a l l  yea r s  of t h e  t r i a l  and these  
treatments a re  therefore  ani t ted  in t h e  f ive-year summary be1 ow. 



2.3.7 Five-Year Y i e l d  P a t t e r n  and Water U t i l i z a t i o n  

Ba r l ey  p roduc t i on  each y e a r  b r o a d l y  r e f l e c t e d  seasonal r a i n f a l l  (F ig .  

8a) .  That f o r  1983/84, a  d r y  year ,  was p a r t i c u l a r l y  poor. The h ighe r  

va lue  f o r  1985/86, which was almost equa l l y  d ry ,  i s  a t t r i b u t a b l e  t o  a  

b e t t e r  r a i n f a l l  d i s t r i b u t i o n .  Over 70% f e l l  du r i ng  t h e  t h r e e  months, 

December-February, when it cou ld  be most e f f e c t i v e ,  whereas n e a r l y  40% 

o f  t h e  1983184 r a i n  f e l l  i n  March and A p r i l  a f t e r  a  very  d r y  per iod ,  

December-Feb ruary.  

Treatment y i e l d  means (1981-86) d i f f e r e d  by up t o  a  f a c t o r  o f  

f o u r ,  accord ing t o  r o t a t i o n  and f e r t i  1  i z e r :  

Treatment 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 )  B a r l e y l b a r l e y  0:0/0:0 
2  20:60/20:60 

Gra in  
t / h a  
----- 
0.48 
1.31 

St raw 
t/ ha 
----- 
0.72 
1.82 

T o t a l  
t l h a  
----- 
1.20 
3.13 

Bu t  t h e r e  were i n t e r a c t i o n s  between t rea tment  and year. Some 

t rea tments  showed a  much g r e a t e r  y i e l d  f l u c t u a t i o n ,  b o t h  i n  abso lu te  

and r e l a t i v e  terms, than  d i d  o the rs  (F ig .  8 b ) .  Thus t rea tment  1 

( u n f e r t i l i z e d  cont inuous b a r l e y )  c o n s i s t e n t l y  y i e l d e d  around 40% o f  t h e  

e i gh t - t r ea tmen t  mean, whereas t rea tment  2 ( f e r t i  1  i z e d  c o n t i  nuous 

ba r l ey )  f l u c t u a t e d  w i d e l y  around 100%. 



Figure 8  Old ro ta t ion  t r i a l ,  barley dry matter y i e l d s ,  1981/86: 
a )  means of e igh t  ro ta t ions  in  re la t ion  t o  seasonal 
r a i n f a l l  ; b) individual ro ta t ion  values in re la t ion  
t o  those means ( = I )  ( t o  iden t i fy  treatments,  see 
Table 11) 
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Such f l u c t u a t i o n s ,  i n  t h i s  and o t h e r  t reatments ,  were appa ren t l y  

r e l a t e d  t o  t h e  r a i n f a l l .  F o r  example, where f e r t i l i z e d  b a r l e y  fo l l owed 

ve t ch  r a t h e r  t h a n  f a 1  low t h e r e  was a  r e l a t i v e l y  g r e a t e r  r e d u c t i o n  i n  

y i e l d  i f  the  y e a r  was d r y  (canpare t rea tments  6 and 8  w i t h  t rea tment  4 

i n  F i g .  8b). S i m i l a r l y ,  where f e r t i l i z e d  b a r l e y  f o l l o w e d  f e r t i l i z e d  

b a r l e y ,  t h e  y i e l d  approached t h a t  achieved by f e r t i l i z e d  b a r l e y  

f o l l o w i n g  f a l l o w  on l y  i f  t h e  y e a r  was wet ( t r ea tmen ts  2 and 4, i n  

1984185). 

R e s u l t s  f rom wate r  ba lance s t u d i e s  he lp  t o  e x p l a i n  these  p a t t e r n s  

o f  y i e l d .  A l though much o f  t h e  water  accumulated i n  t h e  s o i l  under 

f a 1  low d u r i n g  t h e  w i n t e r  i s  l o s t  b y  evapora t ion  d u r i n g  t h e  summer, 

a f t e r  a  wet year,  some s t i l l  remains f o r  use by  the  f o l l o w i n g  crop. 

A f t e r  a  d r y  yea r  such as 1983184, however, l i t t l e  remains (F ig .  9A). 

Where b a r l e y  i s  grown con t inuous ly ,  t h e r e  i s  no ca r r y -ove r  o f  wa te r  t o  

t h e  nex t  crop even a f t e r  a  wet y e a r  (F ig .  9B). The r e l a t i v e  s t a b i l i t y  

o f  t h e  y i e l d s  o f  f e r t i l i z e d  b a r l e y  f o l l o w i n g  f a 1  low so f a r  exper ienced 

can t h e r e f o r e  be a t t r i b u t e d  t o  t h e  b u f f e r i n g  e f f e c t  o f  f a l l o w - s t o r e d  

water.  

Vetch, managed as a hay crop, uses l e s s  wa te r  t h a n  b a r l e y  and 

a c t s  more l i k e  a  f a l l o w .  A f t e r  a  wet y e a r  under ve tch ,  t h e  s o i l  

r e t a i n s  some a v a i l a b l e  wa te r  f o r  a  succeeding b a r l e y  c r o p  ( F i g .  10). 

So, a l though  t h e  s u b s t i t u t i o n  o f  f a l l o w  w i t h  vetch hay c rops  causes 

inc reased  seasonal v a r i a b i l i t y  i n  b a r l e y  y i e l d s ,  some damping o f  t h e  

y i e l d  f l ~ l c t u a t i o n s  r e l a t i v e  t o  con t inuous  f e r t i l i z e d  b a r l e y  i s  ev i den t  

(F ig .  8b).  However, i f  vetch were t o  be a l lowed t o  grow t o  m a t u r i t y  



Figure 9 Old Rotat ion:  S o i l  water p r o f i l e s  a t  four  t i m e s  dur ing the crop c y c l e  
i n  a wet year fo l low ing  a dry yaer ( l e f t )  and a dry year f o l l o w i n g  a 
a wet year ( r i g h t )  for :  ( A )  Bar ley f o l l o w i n g  fa l low;  ( 0 )  Continuous 
bar ley.  

Volumetric Water Content (mn/15 cm) Volumetric Water Content (nm/l5 cm) 

Volumetric k t e r  Content (w/15 cm) Volumetric Uater Content (m/15 cm) 
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f o r  seed harves t  and -- i n  s i t u  g raz ing ,  as i s  proposed i n  f u t u r e  f o r  t h e  

New R o t a t i o n  t r i a l s ,  i t  i s  u n l i k e l y  t h a t  t h i s  r e l a t i v e  s t a b i l i t y  o f  

b a r l e y  p roduc t i on  i n  ve tch /bar ley  r o t a t i o n s  would be mainta ined.  

Given t h e  background f l u c t u a t i o n s ,  f i v e  years  i s  t o o  s h o r t  a  

p e r i o d  t o  show any genera l  upward o r  downward t r e n d  i n  t h e  b a r l e y  y i e l d  

o f  any p a r t i c u l a r  r o t a t i o n .  We may no te  (F ig .  8b) t h a t  t rea tment  3  

( u n f e r t i l i z e d  b a r l e y  f o l l o w i n g  f a1  low) has dec l i ned  s e r i o u s l y  f rom i t s  

h i g h  i n i t i a l  p o s i t i o n  i n  1981/82; and t h a t  t rea tment  7 ( u n f e r t i l i z e d  

b a r l e y  f o l l o w i n g  f e r t i l i z e d  vetch)  appears t o  be improv ing g radua l l y ;  

bu t  a t  l e a s t  several  Inore years a r e  requ i red  t o  e s t a b l i s h  whether these 

a r e  r e a l  e f f e c t s .  

Comparison o f  t h e  two t rea tments  (6 and 8) i n  which f e r t i l i z e d  

b a r l e y  f o l l ows  ve tch  demonstrates t h e  l a r g e  requ i  rement f o r  phosphate 

i n  these  r o t a t i o n s .  Bo th  have t h e  same y i e l d  p a t t e r n  i n  respec t  o f  

annual r a i n f a l l ,  b u t  where phosphate was app l i ed  t o  vetch as w e l l  as t o  

b a r l e y  ( t rea tment  6)  d r y  m a t t e r  p roduc t i on  averages 0.5 t / h a  h igher .  

L i k e  ba r l ey ,  y i e l d s  o f  ve tch  hay r e f l e c t e d  v a r i a t i o n s  i n  annual 

r a i n f a l l  --  b u t  w i t h  a  b u i l t - i n  upward t r e n d  (Fig. l l a ) .  At s i m i l a r  

r a i n f a l l s ,  1984/85 markedly o u t y i e l d e d  1982/83, and 1985/86 ou t y i e l ded  

1983184. These may be no more t han  t h e  e f f e c t s  of r a i n f a l l  

d i s t r i b u t i o n ;  b u t ,  a l t e r n a t i v e l y ,  t h e  inc rease  may be genuine, 

r e s u l t i n g  perhaps f rom an accumulat ion o f  a v a i l a b l e  phosphate i n  t h e  

s o i l .  T h i s  needs t o  be v e r i f i e d .  



Figure 11 Old ro ta t ion  t r i a l ,  vetch hay y i e l d s ,  1981:86: 
a )  4-treatment mean in re la t ion  t o  seasonal 
r a i n f a l l  ; b )  pa t terns  of annual treatment 
y ie lds  r e l a t i v e  t o  4-treatment mean 

Rainfa l l ,  mm 324 285 204 277 208 



I n d i v i d u a l  t rea tment  f l u c t u a t i o n s  around t h e  general  mean were 

much sma l l e r  than  f o r  b a r l e y  and were r e s t r i c t e d  ma in ly  t o  t rea tment  6  

(F ig .  l l b ) .  I t s  h i g h e r  phosphate s t a t u s  r e s u l t e d  i n  g r e a t e r  p roduc t i on  

when r a i n f a l l  was s u f f i c i e n t .  The cons iderab le  importance o f  phosphate 

f e r t i l i z e r  i s  shown by Fig.  12. A s i n g l e  b iannual  d ress ing  o f  60 kg 

P 0  /ha, even when app.lied t o  t h e  b a r l e y  phase o f  t h e  r o t a t i o n ,  g r e a t l y  2  5 

increased hay p roduc t ion ;  bu t  t h e  apparent shape of t h e  response curve 

i m p l i e s  t h a t  even 60 kg app l i ed  annua l l y  i s  n o t  s u f f i c i e n t  t o  maximize 

t h a t  product ion.  It may be t h a t  so f a r  we have been u n d e r f e r t i l i z i n g  

vetch. 

2.3.8 Econanics 

A s imp le  budget f o r  t r ea tmen ts  1-8 f o r  t h e  years  1982/83 and 1983/84 

was g iven  i n  ICARDA (1985, p  24-28). Table 12 presents  t h e  r e s u l t s  o f  

s i m i l a r  c a l c u l a t i o n s  f o r  1984/85 and 1985/86 b u t  t h i s  t i m e  cove r i ng  

e leven  treatments.  Mean n e t  value (2301 SL/ha) and r a t e  o f  r e t u r n  

(2.18) i n  1984/55 were much l a r g e r  than  i n  t h e  two p rev ious  years  o r  i n  

t h e  f o l l o w i n g  year .  T h i s  was because both t h e  r a i n f a l l  and t h e  p r i c e  

f o r  ba r l ey  g r a i n  i n  t h a t  yea r  were h i gh  (Table 8 ) .  Rates o f  r e t u r n  

exceeded 1.0 i n  a l l  t rea tments  except those i n v o l v i n g  peas o r  

chickpeas, bo th  c rops  t h a t  were k i l l e d  by l a t e  s p r i n g  f r o s t s .  I n  

1985/86, mean n e t  value and r a t e  o f  r e t u r n  were 1208 SL-/ha and 1.07, 

t h e  sma l l e r  values r e f l e c t i n g  b o t h  poorer  y i e l d s  i n  a d r i e r  y e a r  and a 

lower  p r i c e  f o r  bar ley .  I n  bo th  years,  t h e  l a r g e s t  net value and r a t e  

of r e t u r n  were achieved by t h e  b a r l e y / l e n t i l  r o t a t i o n .  T h i s  was t h e  

r e s u l t  o f  good y i e l d s  o f  both components and good p r i c e s  f o r  l e n t i l  

g r a i n  and straw. 



Figure 12 Old ro ta t ion  t r i a l :  r e l a t ion  between mean 
vetch hay y ie lds  and 2-year phosphate 
applicat ion t o  the ro ta t ion  (5-year mean) 

kg P 0 /2-year r o t a t i o n  2 5 



Consider ing e i g h t  t rea tments  i n v o l v i n g  b a r l e y l f a l l o w ,  

b a r l e y l b a r l e y  and b a r l e y l v e t c h  r o t a t i o n s  over f o u r  years,  we f i n d  t h a t  

annual v a r i a b i l i t y  i n  t h e  r a t e  o f  r e t u r n  -- an i n d i c a t o r  o f  r i s k  -- was 

much sma l l e r  i n  b a r l e y l f a l l o w  t h a n  i n  e i t h e r  b a r l e y l b a r l e y  o r  

b a r l e y l v e t c h  r o t a t i o n s  (Tab le  13).  T h i s  i s  a t t r i b u t a b l e  p a r t l y ,  i f  no t  

f u l  l y ,  t o  t h e  conserva t ion  o f  s o i  1  mo i s tu re  under fa1 low, descr ibed  

above. T h i s  mo i s tu re  ass i s ted  b a r l e y  growth and pe tm i t t ed  moderate ly  

good r a t e s  of  r e t u r n  i n  t h e  two d r y  years,  1983184 and 1985186, t he reby  

moderat ing y e a r  t o  y e a r  v a r i a b i l i t y .  

Table 12 Old R o t a t i o n  t r i a l :  economic ana l ys i s ,  1984185 and 1985186 

Treatment:  1 2 3 4  5 6  7 8  9  10 11 

Gross revenue 
T o t a l  cos t s  
Net va lue 

Rate o f  r e t u r n  

Gross revenue 
T o t a l  c o s t s  
Net  va lue  

Rate o f  r e t u r n  

Gross revenue, t o t a l  c o s t s  and ne t  va lue,  a l l  i n  SL/ha. 
Rate o f  r e t u r n  = n e t  v a l u e l t o t a l  costs .  
C a l c u l a t i o n s  based on da ta  i n  Tab le  8  p l u s  t h e  f o l l o w i n g :  

------------------ ------------------ 
L e n t i l s  Chickpeas L e n t i l s  Chickpeas 
------- --------- ------- --------- 

Seed, SL/kg 5.0 7.0 5.0 7.0 
Harves t+ t ranspor t  costs ,  SL/ha 556 62 0  63 9  71 3  
G r a i n  p r i c e ,  SL/t  2350 3830 27 90 3980 
Straw p r i ce ,  SL/ t  93 0  325 1000 22 5  



Table 13 Old  R o t a t i o n  t r i a l  : r a t e s  o f  r e t u r n  i n  e i g h t  t rea tments  
over  f o u r  seasons 

R o t a t i o n :  B a r l e y l b a r l e y  B a r l e y l f a l  low B a r l e y l v e t c h  
- ------------  ------------- ... . . . . . . . . . . . . . . . . . . .  

Treament No. 1 2 3 4 5 6 7 8 Mean 

Mean 1.10 1.69 1.47 2.14 0.59 1.32 1.19 1.22 

% v a r i a t i o n  60 6 9 38 42 69 81 76 72 

F u r t h e r  a n a l y s i s  of t h e  r a t e  o f  r e t u r n  values i n  Tab le  9 

demonstrates two a d d i t i o n a l  p o i n t s :  

a. Mean r a t e s  o f  r e t u r n  were apprec iab ly  g r e a t e r  i n  

b a r l e y l f a l l o w  r o t a t i o n s  ( t rea tments  3 and 4) than  i n  

b a r l e y l b a r l e y  r o t a t i o n s  (1 and 2 ) ,  1.81 v. 1.40. 

b. F e r t i l i z e r  g r e a t l y  increased t h e  r a t e  o f  r e t u r n  i n  a l l  t h r e e  

types  o f  r o t a t  ion:  

Treatments Means 

- ----------  ---------- 

B a r l e y / b a r l e y  1 v 2 1.10 1.69 

B a r l e y / f a l l o w  3 v 4 1.47 2.14 

B a r l e y l v e t c h  5 v  6,7,8 0.59 1.24 



A canpl e t e l y  u n f e r t i l i z e d  ba r l ey / ve t ch  r o t a t i o n  appears t o  be 

a  p a r t i c u l a r l y  poor  investment;  and u n f e r t i l i z e d  con t inuous  

b a r l e y  a lso ,  except  perhaps i n  a  wet year.  

2.3.9 Conclus ions 

The r e s u l t s  o f  O ld  and New R o t a t i o n  t r i a l s  form a  coherent p i c t u r e .  

The main f ea tu res  are:  

1. F e r t i l i z e r s  proved p r o f i t a b l e  i n  a l l  r o t a t i o n s .  The t i m i n g  

o f  phosphate w i t h i n  a  r o t a t i o n  was not  ve ry  impor tan t ,  

i m p l y i n g  good r e s i d u a l  e f f e c t s  a t  l e a s t  one yea r  a f t e r  

a p p l i c a t i o n .  

2. I n  r o t a t i o n s  w i t h  f a l l o w ,  b a r l e y  was apparen t l y  b u f f e r e d  

a g a i n s t  t h e  e f fec ts  o f  a  d r y  yea r  by water  s to red  i n  t h e  s o i l  

f r om t h e  prev ious,  w e t t e r  year. Y i e l d s  i n  these  t rea tments  

showed g rea tes t  s t a b i l i t y  and c o n s i s t e n t l y  good r a t e s  o f  

r e t u r n .  (However, b u f f e r i n g  would be u n l i k e l y  i n  a  

success ion o f  d r y  years.) 

3. Y ie l ds  o f  cont inuous b a r l e y ,  unbu f fe red  by any rese rve  o f  

s o i l  mo is tu re ,  f l u c t u a t e d  w ide l y  w i t h  r a i n f a l l ;  b u t  i t  

appeared t h a t  such f l u c t u a t i o n s  cou ld  be moderated b y  e x t r a  

f e r t i l i z e r .  I n  any case, r a t e s  o f  r e t u r n  were q u i t e  good. 

4. Y ie l ds  o f  b a r l e y  i n  r o t a t i o n  w i t h  fodder  legumes were 

i n te rmed ia te ,  i n  l e v e l  and degree o f  f l u c t u a t i o n ,  between 

those  f rom b a r l e y  grown con t i nuous l y  and t h a t  grown i n  



r o t a t i o n  w i t h  fa l low;  bu t  growth o f  t h e  legume beyond t h e  hay 

s tage  w i l l  p robab ly  reduce t h e  s t a b i l i t y  o f  b a r l e y  y i e l d s ,  by 

e l i m i n a t i n g  t h e  p o s s i b i l i t y  o f  s to red  s o i l  mois ture.  

5. I n  a l l  ba r ley l legume r o t a t i o n s ,  t h e  main cos t s  l i e  w i t h  t h e  

legumes. O f  t h e  g r a i n  legumes, l e n t i l s  appear t o  be a  very 

p r o f i t a b l e  op t ion ,  chickpeas l ess  so. O f  t he  fodder  legumes, 

ve tch  was l e s s  troublesome than  peas; bu t  w i t h  e i t h e r ,  

p r o f i t a b i l i t y  depends very  much on mode o f  u t i l i z a t i o n .  

M. Jones, H. H a r r i s ,  D. Keat inge,  K. Some1 

2.4 ON-FW ROTATION TRIALS WITH BARLEY AND FORAGE LEGWES 

2.4.1 The Mature Crop Option. I n t r o d u c t i o n  

I n  t h e  1984/85 season, a  comparison o f  c u r r e n t l y  p r a c t i c e d  two-year 

c rop  r o t a t i o n s  and a l t e r n a t i v e s  w i t h  legumes was begun on farmers '  

f i e l d s  and rep1 i c a t e d  a t  Te l  Hadya. The main purposes were t o  compare 

t h e  p r o d u c t i v i t y  and econanics o f :  (1) b a r l e y  i n  r o t a t i o n  w i t h  va r i ous  

legumes, f a l l o w ,  o r  ba r l ey ,  and ( 2 )  crop p roduc t i on  w i t h  severa l  

f e r t i l i z e r  t reatments.  A t h i r d  goal  was t o  eva lua te  t h e  e x t e n t  t o  

which damage t o  n i t r o g e n - f i x i  ng nodules by s i t o n a  weevi l  l a r v a e  reduces 

y i e l d s  o f  legumes and o f  a  subsequent b a r l e y  crop. The t rea tment  

des ign  i s  s p e c i f i e d  i n  Tab le  14. 



Table 14 Trial  design 

Treatments 

Rotation 

Nitrogen (kg) 

Phosphate (kg) 

Carbofuran (kg) 

Barley 
Barley 
Barley 
Barley 
Barley 
Barley 

Lenti 1 
Vetch 
Lathy rus 
Fa1 1 ow 
Barley 
Barley+N 

Barley 
Barley 
Barley 
Barley 
Barley 
Barley+N 

Rotations as main p lots  s p l i t  by Carbofuran; phosphate treatments in 
s t r i p s .  The Nitrogen treatment i s  subsumed within the ro ta t ion  
treatment. 

2 One r e p l i c a t e  per fann; two a t  Tel Hadya; 200 m plots .  

In the  f i r s t  year  of t h e  ro ta t ion ,  substant ia l  treatment e f f e c t s  

were found f o r  both legume and barley crops. The r e s u l t s  were f u l l y  

presented in the  previous y e a r ' s  report  (Tully, Cooper and Keatinge, 

1986) and wi l l  not be de ta i l ed  here. In b r i e f ,  r e s u l t s  were a s  

follows: 

- Lathyrus and vetch were s u b s t a n t i a l l y  more productive than 

l e n t i l s ,  and lathyrus produced more seed than e i t h e r  vetch or  

l e n t i l s .  



- La thy rus  was very  r e s i s t a n t  t o  s i t o n a  damage. 

- La thy rus  f i x e d  more n i t r o g e n  (as i n f e r r e d  f rom ace ty lene  

reductase a c t i v i t y )  t h a n  e i t h e r  ve tch  o r  l e n t i l s ,  whether o r  

n o t  s i t o n a  was c o n t r o l l e d .  

- Legume c rops  were l e s s  p r o f i t a b l e  t han  b a r l e y  i n  a l l  farms, 

and produced l ess  ne t  revenue than b a r l e y  except a t  Te l  Hadya. 

- On t h e  s i x  lowest  y i e l d i n g  farms, n e i t h e r  ba r l ey  n o r  legumes 

c o u l d  be economical l y  grown a f t e r  ba r l ey ,  and t hus  cont inuous 

c ropp ing  i s  u n l i k e l y  t o  be an a t t r a c t i v e  a l t e r n a t i v e  t o  a  

b a r l e y / f a l  1  ow r o t a t  ion. However, b o t h  b a r l e y  and legumes 

c o u l d  be p r o f i t a b T y  grown a f t e r  one yea r  o f  b a r l e y  on t h e  

b e t t e r  f i e l d s .  

- Phosphate s u b s t a n t i a l l y  increased y i e l d s  and net revenues f o r  

a l l  species. 

- N i t r o g e n  s u b s t a n t i a l l y  increased y i e l d s  and net  revenues o f  

con t inuous  bar1 ey. 

- Carbofuran s u b s t a n t i a l  l y  increased y i e l d ,  nodule s u r v i v a l ,  and 

n i t r o g e n  f i x a t i o n  o f  l e n t i l s  and vetch, and d i d  so t o  a  l e s s e r  

e x t e n t  w i t h  l a thy rus .  However i t  d i d  not  pay f o r  i t s e l f  

excep t  a t  T e l  Hadya. 

- Carbofuran s u b s t a n t i a l l y  increased b a r l e y  y i e l d s  as we l l .  The 

e x p l a n a t i o n  f o r  t h i s  must be un re la ted  t o  s i t o n a  weev i l  



c o n t r o l  and r e q u i r e s  f u r t h e r  study. 

2.4.2 B a r l e y  Y i e l d  a f t e r  Forages, 1985/86 

Species, f e r t i l i z e r  and s i t o n a  c o n t r o l  m igh t  be expected t o  have 

r e s i d u a l  e f fec ts  which e i t h e r  add t o  o r  d e t r a c t  f r a n  t h e i r  e f f e c t s  i n  a  

s i n g l e  year .  To canpare r e s i d u a l  e f f e c t s ,  a  b a r l e y  c rop  was p lan ted  

a f t e r  a l l  t rea tments  i n  t h e  1985/86 season. Phosphate p l o t s  f rom t h e  

p rev ious  season were r e s p l i t  i n t o  p l u s  and minus a d d i t i o n a l  phosphate 

p l o t s .  N i t r ogen  was aga in  added t o  t h e  b a r l e y  p l o t  which had n i t r o g e n  

i n  t h e  p rev ious  year ,  t o  represen t  a  cont inuous b a r l e y  r o t a t i o n  w i t h  

n i t r o g e n  added yea r l y .  S i x  fa rmers '  f i e l d s  were dropped f rom t h e  

t r i a l ;  these i n c l u d e  one f i e l d  which changed hands and f i v e  o f  t h e  

lowes t  y i e l d i n g  f i e l d s ,  where f a l l o w  replacement seems l e a s t  l i k e l y  

based on f i r s t  yea r  r e s u l t s .  

As shown i n  Tab le  15, p rev ious  crop, phosphate and Carbofuran a l l  

had s i g n i f i c a n t  r e s i d u a l  e f f e c t s .  The b i o l o g i c a l  e f f e c t s  wi 11 be 

d iscussed f i r s t ,  and t hen  t h e i r  economic i m p l i c a t i o n s .  



Tab le  15 Main e f f e c t s  on b a r l e y  y i e l d ,  1985186 (kg lha)  

F i e l d s  T e l  Hadya 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
G r a i n  Straw TDM Gra in  Straw TDM 

R o t a t i o n  * * X *  ** ** * ** 

Len t  i l l b a r l e y  1135 1094 2228 1821 1405 3226 
Vetc h l b a r l e y  1142 1065 2207 1757 1386 3143 
L a t h y r u s l b a r l e y  1376 1252 2628 2041 1607 3648 
Fa1 l o w l b a r l e y  1232 1123 2355 1579 1218 2797 
B a r l e y l b a r l e y  965 932 1896 1340 877 2217 
Barley+N/barley+N 1172 1220 2392 1934 1512 3445 

LSD (5%) 185 154 328 137 410 534 

Phosphate * * ** * * + + t 

None 1026 965 1991 1583 1158 2741 
1985 o n l y  1176 1138 2314 1850 1344 3193 
1986 o n l y  1159 1106 2265 1617 1315 2932 
Both years  1321 1247 2568 1931 1519 3450 

LSD (5%) 108 80 17 7 32 5 26 5 571 

Carbofuran i n  1985 ** ** * * x * * ** 

N o  1132 1068 2201 1680 1287 2966 
Yes 1208 1160 2368 1810 1381 3192 

LSD (5%) 38 4 2 70 117 63 113 

ANOVA l e v e l s  o f  s i g n i f i c a n c e :  ** p< .01; * p<.05; + p<.lO 

Ro ta t i on :  On fanners '  f i e l d s ,  b a r l e y  f o l l o w i n g  l a t h y r u s  was 

s i g n i f i c a n t l y  more p roduc t i ve  i n  g r a i n ,  s t raw and TDM than  b a r l e y  a f t e r  

ve tch  o r  l e n t i l .  T h i s  i s  presumably r e l a t e d  t o  t h e  supe r i o r  n i t r o g e n  

f i x a t i o n  e x h i b i t e d  by l a t h y r u s  i n  t h e  prev ious season. The y i e l d s  o f  

b a r l e y  a f t e r  fa1  low and con t inuous  b a r l e y  w i t h  n i t r o g e n  f e l l  i n  between 

and were no t  s i g n i f i c a n t l y  l e s s  than  b a r l e y  a f t e r  la thy rus .  B a r l e y  



a f t e r  b a r l e y  w i t hou t  n i t r o g e n  was t h e  worst  per former  and i t s  TDM was 

s i g n i f i c a n t l y  l e s s  than  a l l  o t h e r  r o t a t i o n s  except vetch-bar ley.  

R e s u l t s  f r a n  Te l  Hadya were s i m i l a r ;  t h e  most impor tan t  excep t i on  was 

t h a t  t h e  r e l a t i v e  p o s i t i o n  o f  b a r l e y  a f t e r  f a 1  low was worse. It 

y i e l d e d  s i g n i f i c a n t l y  l e s s  g r a i n  and TDM than  b a r l e y  a f t e r  l a t h y r u s  o r  

con t inuous  b a r l e y  w i t h  n i t r ogen .  T h i s  i s  p robab ly  a  r e s u l t  o f  more 

weed growth on t h e  f a l l o w  a t  Te l  Hadya than on farmers '  f i e l d s .  

Phosphate: The r e s i d u a l  e f f e c t  o f  phosphate f rom t h e  p rev ious  

season was as g rea t  as t h e  e f f e c t  o f  phosphate app l i ed  i n  t h e  c u r r e n t  

season. The r e s u l t  appears t o  be a d d i t i v e ;  a p p l i c a t i o n  o f  phosphate i n  

b o t h  yea rs  produced t h e  bes t  y i e l d s .  In farmers '  f i e l d s  w i t h  phosphate 

a p p l i e d  i n  e i t h e r  year ,  g r a i n ,  s t raw and TDM were s i g n i f i c a n t l y  g r e a t e r  

t h a n  those w i t h  no phosphate, and s i g n i f i c a n t l y  l e s s  than  t hose  w i t h  

phosphate i n  b o t h  years.  S i m i l a r  r e s u l t s  were found i n  T e l  Hadya 

a l t hough  not a l l  c o n t r a s t s  a r e  s i g n i f i c a n t .  

Carbofuran:  Carbofuran showed a  s i g n i f i c a n t  p o s i t i v e  r e s i d u a l  

e f f e c t  on g ra in ,  s t r aw  and TDM on f anne rs '  f i e l d s  and a t  Te l  Hadya. 

T h i s  e f f e c t  was observed f o l l o w i n g  b o t h  legumes and bar ley.  F o r  s t raw 

and TDM, a r o ta t i on -Ca rbo fu ran  i n t e r a c t i o n  was s i g n i f i c a n t  a t  t h e  10% 

l e v e l  i n  fanners '  f i e l d s ,  b u t  t h i s  appears t o  be r e l a t e d  o n l y  t o  an 

absence o f  any r e s i d u a l  e f f e c t  f o l l o w i n g  f a 1  low. The y i e l d  improvement 

f o l l o w i n g  legumes t r e a t e d  w i t h  Carbofuran cou ld  p o s s i b l y  be  exp la ined  

i n  terms o f  i n s e c t  c o n t r o l  l ead ing  t o  s u p e r i o r  n i t r o g e n  f i x a t i o n  by t h e  

legume crops, and thus  a  b e t t e r  n i t r o g e n  s t a t u s  o f  t h e  s o i l  i n  t h e  

subsequent year. However, t h e  p o s i t i v e  e f f e c t  o f  Carbofuran on b a r l e y  



y i e l d s ,  bo th  i n  t h e  i n i t i a l  and t h e  subsequent year ,  remains 

unexplained. Poss ib l e  mechanisms u n d e r l y i n g  t h i s  e f f e c t  a r e  be ing  

i n v e s t i g a t e d  by PFLP; t hey  may be r e l e v a n t  t o  both legume-bar ley and 

con t inuous  b a r l e y  r o t a t i o n s .  

O the r  than  t h e  ro ta t ion-Carbo fu ran  i n t e r a c t i o n  j u s t  mentioned, no 

s i g n i f i c a n t  i n t e r a c t i o n s  were observed. 

2.4.3 Econanic Analysis o f  the  Two Years' R e s u l t s  (1984f85. 1985/86) 

The revenue and p r o f i t a b i l i t y  o f  t h e  var ious t reatments  over  a  two y e a r  

p e r i o d  w i l l  now be  compared, us ing  t h e  da ta  f rom fanners '  f i e l d s .  One 

farm w i t h  a  l a r g e  number o f  m i ss i ng  values i n  t h e  f i r s t  season has no t  

been inc luded  i n  t h e  means. Because t h e r e  are no s i g n i f i c a n t  

i n t e r a c t i o n s ,  econanic a n a l y s i s  w i  11 l a r g e l y  be r e s t r i c t e d  t o  main 

e f f e c t s  (Table 16). Fo r  s i m p l i c i t y ,  1985 p r i c e s  w i l l  be used f o r  bo th  

p l a n t i n g  and ha rves t  va lues i n  b o t h  years,  and no cons ide ra t i ons  o f  

p resen t  va lue o r  i n f l a t i o n  w i l l  be made. 

Carbofuran:  As p r e v i o u s l y  repor ted ,  Carbofuran d i d  no t  pay f o r  

i t s e l f  i n  t h e  f i r s t  y e a r  o f  a p p l i c a t i o n .  I n  t h e  second year ,  t h e  

res idua l  e f f e c t  added t o  t h e  f i r s t  y e a r ' s  e f f e c t  increased t h e  b e n e f i t s  

o f  t h e  t reatment ;  never the less  over two years  t h e  o v e r a l l  r e s u l t  was a  

decrease i n  mean net  revenue. Al though t h e  Carbofuran- r o t a t i o n  

i n t e r a c t i o n  was on l y  s i g n i f i c a n t  a t  t h e  10% l e v e l ,  i t i s  wor th  

ment ion ing  t b a t  increased revenues do cover  cos ts  o f  Carbofuran i n  t h e  

con t inuous  b a r l e y  and ve tch /bar ley  r o t a t i o n s ,  a l b e i t  at  a  low r a t e  o f  

r e t u r n .  Because o f  t h e  p o s i t i v e  e f f e c t  on y i e l d s ,  cheaper a l t e r n a t i v e s  



t o  t h i s  treatment a r e  being s tudied,  including lower r a t e s  of 

Carbofuran appl i c a t i o n ,  and a1 t e r n a t i v e l y  the  use of nitrogen 

f e r t i l i z e r  on legumes. The hypothesis t h a t  control of a pathogenic 

e f f e c t  by Carbofuran i s  responsible f o r  t h e  increase in barley 

productivi ty i s  being studied by PFLP. 

Table 16 Economics of main e f f e c t s  in farmers' f i e l d s  (SLlha) 

Revenue Net revenue Percent p r o f i t  
----------------- ----------------- --------------- 
1985 1986 Total 1985 1986 Total 1985 1986 Total 

Rotation ( 1 )  

Lent i l lba r l ey  1920 2025 3945 853 1379 2231 76 202 127 
Vetch/barley 2168 1926 4094 1053 1288 2341 87 190 128 
Lathyruslbarley 2435 2326 4761 1202 1637 2839 91 223 144 
Fa1 lowlbarley ( 2 )  0 2091 2091 -97 1436 1339 -100 206 168 
Barleylbarley 1939 1722 3661 1340 1112 2452 181 165 177 
Barley+N/barley+N 2295 1997 4292 1401 1101 2503 142 119 132 

Phosphate ( 1 )  

None 1648 1766 3414 905 1173 2079 82 184 153 
1985 only 1938 2040 3978 1013 1416 2429 77 220 153 
1986 only 1648 1977 3625 905 1173 2131 82 184 137 
Both years 1938 2273 4211 1013 1486 2499 77 181 141 

Carbofuran in 1985 -- 
N 0 
Yes 

( 1 )  Means f o r  ro ta t ion  and phosphate exclude treatments wikh Carbofuran 
( 2 )  Fallowlbarley means include appl ica t ions  of phosphate on fallow. 

This i s  not considered a l i k e l y  farmer pract ice .  Excluding these  
cases,  t h e  values would be: revenue: 0, 2034, 2034; net revenue: 
-30, 1383, 1353, percent p r o f i t :  -100, 196, 183. 



This treatment was included primari ly a s  a d iagnost ic  on t h e  

legumes, with appl ica t ions  t o  barley and fal low f o r  control  purposes 

only. The substant ia l  response of barley t o  t h i s  treatment was not 

ant ic ipated .  Because i t  i s  not considered as a possible technology f o r  

use by farmers a t  the  present t ime,  Carbofuran treatments wi l l  be 

excluded f ran  the  remaining economic analys is .  

Rotation: Fa1 low/barley and continuous unfe r t i l i zed  barley a re  

low input/low output ro ta t ions ,  with low net revenues bu t  high r a t e s  of 

r e tu rn ;  t h u s  they a r e  l ike ly  t o  be favored by cash-poor farmers. With 

more investment, more income per hectare can be obtained, and in  terms 

of combining high net revenue with a high r a t e  of return on investment, 

two ro ta t ions  excel: lathyrus /bar ley  and barleylbarley with nitrogen. 

I t  i s  encouraging t h a t  a  legume/barley ro ta t ion  i s  able t o  compete with 

continuous barley plus ni trogen,  because i t  i s  expected t h a t  the  l a t t e r  

ro ta t ion  wi 11 not maintain i t s  productivi ty over the  longer term. 

Indeed, barleylbarley with nitrogen produced no more net revenue than 

bar leylbar ley  without nitrogen in  t h e  second year.  

Because of i t s  la rge  seed y ie ld  and posi t ive  res idual  e f f e c t ,  

la thyrus  appears t o  be t h e  legume of choice i n  these  environments. I t  

should be noted, however, t h a t  t h e  economic assumptions used include an 

equal seed and straw pr ice  f o r  a l l  legumes. In t h i s  year  o f f i c i a l  

l e n t i l  pr ices  were increased, which would improve t h e  r e l a t i v e  standing 

of t h a t  crop; i n  addi t ion ,  marketing and seed purchase a r e  much e a s i e r  

f o r  l e n t i l s  than f o r  vetch and lathyrus.  On t h e  other hand, much of 



t he  increased net  revenue o f  t he  la thyrus /bar ley  r o t a t i o n  i s  achieved 

i n  t h e  bar ley year; thus  the  economic r e s u l t s  are p a r t i a l l y  i nsu la ted  

f r a n  changing legume prices. 

Phosphate: As p rev ious l y  reported, phosphate i n  t h e  1984185 

season s u b s t a n t i a l l y  increased net income from legumes and bar ley;  i n  

t h e  cu r ren t  season incane was a lso  increased bu t  t o  a l esse r  extent.  

Money spent on phosphate i n  1985186 returned a 61% p r o f i t  t h e  same year  

whereas i n  1984185 i t  returned a 105% p r o f i t .  By i n c l u d i n g  res idua l  

e f f e c t s ,  t he  econanic r e t u r n  t o  phosphate i s  improved. Money spent on 

phosphate i n  1984185 i-ncreased mean net  income over two years by SL 

413, which represents a 308% p r o f i t .  

2.4.4 Conclusion 

On-farm tri a1 s have conf i nned t h a t  legumelbarley r o t a t i o n s  can 

p r o f i t a b l y  increase t h e  p r o d u c t i v i t y  o f  fanners'  f i e l d s  which are 

c u r r e n t l y  used i n  a fa1 lowlbar ley  r o t a t i o n .  Lathyrus has been 

i d e n t i f i e d  as a legume w i t h  h igh  y i e l d  p o t e n t i a l  and a p o s i t i v e  

res idua l  e f fec t  on a subsequent ba r ley  crop. Phosphate f e r t i  1 i z e r  can 

be used t o  increase i n c m e  per  hectare and i s  p a r t i c u l a r l y  p r o f i t a b l e  

when res idua l  e f fec ts  are considered. Legume responses t o  Carbofuran 

i n d i c a t e  t h a t  damage by s i tona weevi l  does decrease legume y i e l d s  and 

also has a negative res idua l  e f f e c t  on a subsequent ba r ley  crop; 

responses by bar ley  a lso suggest t h e  existence o f  s o i l  pathogens which 

need t o  be i d e n t i f i e d .  The Carbofuran treatment used was expensive f o r  

these areas, and gave l i t t l e  p r o f i t .  Less expensive techniques t o  



improve t h e  a v a i l a b i l i t y  of n i t r o g e n  t o  legume crops would be more 

a t t r a c t i v e  t o  fanners.  

D. T u l l y ,  P. Cooper, D. Keat inge 

2.4.5 The Grazing Option. A Stochastic Analysis 

o f  Subsequent Barley Yie lds .  I n t r o d u c t i o n  

On-farm forage g raz ing  t r i a l s  were conducted i n  1984185 near  Bueda and 

Breda v i l l a g e s ,  southeast  o f  Aleppo, where b a r l e y  i s  t h e  p r i n c i p a l  

crop,  grown e i t h e r  con t inuous ly  o r  a l t e r n a t i n g  w i t h  f a l l o w  (Thomson - e t  

a1 ., 1985). - 

Vetch and l a t h y r u s  w i t h  (50 k g l h a  P205) and w i t hou t  f e r t i l i z e r ,  

separated by a fa1  low s t r i p ,  were sown i n  each s i t e .  These t r i a l s  were 

grazed by Awassi ewes t o  measure t h e  m i l k  y i e l d  and t h e  l i v e w e i g h t  g a i n  

(Thomson -- e t  a1 ., 1986). I n  1985186, un i f o rm  b a r l e y  was sown t o  a l l  

f i e l d s  where forages and f a l l o w  had been t h e  y e a r  before. I n  o rde r  t o  

determine t h e  e f f e c t s  o f  t h e  replacement o f  t h e  f a l l o w  i n  t h e  

t r a d i t i o n a l  Fa1 1owIBarley (F IB)  r o t a t i o n  by f e r t i l i z e d  and u n f e r t i l i z e d  

f o rage  crops, t h e  t o t a l  d r y  m a t t e r  y i e l d  (TDM), g r a i n  y i e l d  ( G Y )  and 

s t r aw  y i e l d  ( S Y )  o f  b a r l e y  were measured. 

2.4.6 R e s u l t s  

The b a r l e y  y i e l d s  i n  1986, across s i x  l o c a t i o n s  ( farms)  a r e  examined i n  

s t o c h a s t i c  i p r o b a b i l  i s t i c )  terms. Data f o r  t h e  r o t a t i o n s  f a 1  low/bar ley  

(F/B) , f e r t i l i z e d  v e t c h i b a r l e y  (V+/B) , u n f e r t i  1 i z e d  v e t c h i b a r l e y  



(VoIB) , f e r t i l  ized l a t h y r u s l b a r l e y  (L+/B) and u n f e r t i  1  ized 

l a t h y r u s l  bar ley (LoIB) were c o l  lected.  From each locat  i o n  and f o r  each 

r o t a t i o n ,  t e n  samples o f  bar ley  crop y i e l d s  were taken. 

F o r  bar ley y i e l d  comparisons, t h e  t e n  samples/ f ie ld were bulked 

t o  provide a  y i e l d  est imate f o r  t h a t  f i e l d ,  and standard ana lys is  o f  

variance was done t r e a t i n g  l oca t ions  as rep l i ca tes .  I n  add i t i on ,  t h e  

s i x t y  samples taken from each r o t a t i o n  across l oca t  ions were a1 so 

examined t o  assess t h e  p r o b a b i l i t y  o f  y i e l d  d i s t r i b u t i o n  o f  bar ley  

y i e l d s  w i t h i n  each ro ta t i on .  

The c a l c u l a t i o n  o f  p r o b a b i l i t y  d i s t r i b u t i o n s  o f  t h e  TDM, GY and 

SY i s  on ly  app l icab le  when t h e  data f o l l o w  normal d i s t r i b u t i o n s  (Weber, 

1980, pp 150 f f ) .  Thus, t h e  pooled data f o r  each r o t a t i o n  were f i r s t  

tes ted f o r  normal i ty  by  a  modi f ied form o f  t h e  Kolmogorov-Smirnov t e s t  

(Hartung, 1985, pp 187 f f ;  L i  1  l i e f o r s ,  1967), o u t l y i n g  observat ions were 

detected and discarded according t o  the Grubbs-test (GrubbsIBeck, 

1972). Based on the  a r i t h m e t i c  means and respect ive  standard 

dev ia t i ons  (STD), t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  o f  t he  y i e l d s  o f  f i v e  

d i f f e r e n t  r o t a t i o n s  were defined. These d i s t r i b u t i o n s  serve as 

i n d i c a t o r s  f o r  t h e  s t a b i l i t y  o f  y i e l d s  between d i f f e r e n t  l oca t ions  i n  

one year. 

The d i s t r i b u t i o n s  o f  t h e  GY and t h e  SY f o r  t h e  f i v e  r o t a t i o n s  are 

skewed ( t h e  c o e f f i c i e n t  o f  skewness f o r  an idea l  normal d i s t r i b u t i o n  i s  

0 )  and show pronounced peaks ( t h e  c o e f f i c i e n t  o f  k u r t o s i s  o f  an i dea l  

normal d i s t r i b u t i o n  i s  3, Table 17); however, according t o  t h e  



Kolmogorov-Smirnov t e s t  they can be regarded as normal ( t o  accept the  

hypothesis of normality a t  p=0.9, t h e  D-value f o r  n=55 must be smaller 

than 0.108 [Lil l i e f o r s ,  19671). 

Table 17 Effects  of d i f f e r e n t  ro ta t ions  on t h e  yield d i s t r i b u t i o n s  of 
barley (kg/h'a) following forage legume; and bare fa1 low, 
1985/86 

* * * *** 
Rotation Mean ST D c.k. C.S. D-val ue n 

Grain Yield (kglha) -- 
FIB 81 4 
V+/B 1287 
VoIB 988 
L + / B  1486 
LoIB 1045 

LSD (0.05): 373 kg/ha 

Straw y i e l d  -1 

LSD (0.05): 406 kg/ha 

t e :  LSD (0.05) values a r e  calculated from mean values of 10 
sample/plot f o r  comparison of mean grain and straw y i e l d s  f o r  
each rotat ion.  

* Coefficient  of kur tos i s  
** Coefficient  of skewness 

*** Kolmogorov-Smirnov s t a t i s t i c s  

A s  can be seen from Table 1 7 ,  t h e  replacement of fal low with a 

f e r t i l i z e d  forage crop has a s i g n i f i c a n t  yield-increasing e f f e c t  on 



grain and straw. When the  fa1 low i s  replaced by unfe r t i l i zed  vetch or  

la thyrus ,  simil a r ,  but non s i g n i f i c a n t  t rends were observed, and 

reference t o  Fig. 13 shows t h a t  the  y i e l d s  of barley follow very 

s i m i l a r  d i s t r ibu t ions .  However, barley y i e l d s  a f t e r  vetch tend t o  be 

more s t a b l e  ( the  STDs of the  grain and straw y ie ld  of barley a f t e r  

unfe r t i l i zed  vetch a r e  smaller  than those following lathyrus) .  The 

mean grain y i e l d s  of barley a f t e r  f e r t i l i z e d  vetch and f e r t i l i z e d  

la thyrus  increase s i g n i f i c a n t l y  but t h e  STDs do not ,  suggesting t h a t  

f e r t i l i z e r  appl ica t ions  t o  these  forages s t a b i l  izes subsequent y i e l d s  

of barley (Table 17 ) .  

Replacing fal low with an u n f e r t i l i z e d  grazed forage legume 

increases t h e  probabi l i ty  of achieving a  barley grain y ie ld  of 814 

kg/ha ( t h e  mean y ie ld  a f t e r  fal low) from 0.50 t o  0.68 and 0.69 

following vetch and la thyrus  respect ively  (Table 18). S imi la r ly ,  t h e  

probabi l i ty  of achieving 1221 kg/ha of grain y i e l d  (50% higher than t h e  

mean y i e l d  a f t e r  fal low) i n  t h e  FIB ro ta t ion  i s  only 0.12, but 

increased t o  0.33 in  t h e  Vo/B ro ta t ion  and 0.36 in  the  Lo/B rota t ion.  

However, where barley grew on residual  phosphate f e r t i l i z e r ,  t h e  

respective p r o b a b i l i t i e s  rose t o  0.58 f o r  V+/B ro ta t ion  and 0.76 f o r  

t h e  L + / B  ro ta t ion .  
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T o t a l  D ry  M a t t e r  Y i e l d  ( kg /ha )  

-0- F/B - e- Lo/B - O -  Vo/B - r - V+/B - 0 - L+/B 

F i g u r e  13 Cumula t i ve  p r o b a b i l i t y  f u n c t i o n s  showing t h e  d i s t r i b u t i o n s  
o f  t h e  T o t a l  D ry  M a t t e r  Y i e l d  o f  b a r l e y  i n  d i f f e r e n t  
r o t a t i o n s  



Tab le  18 P r o b a b i l i t i e s  o f  reaching t h e  mean o f  TOM, GY and SY o f  t h e  
fa1  low/bar ley  r o t a t i o n ,  when t h e  f a l l o w  was rep laced  by 
f o r a g e  crops,* 1986 b a r l e y  harves t  

T o t a l  Dry M a t t e r  G ra in  Y i e l d  St raw Y i e l d  
R o t a t i o n  ( T D M )  (GY (SY 

* Ca lcu la ted  f r a n  i n f o r m a t i o n  g iven  i n  Tab le  17. 

2.4.7 Conclusions 

A p r o b a b i l i s t i c  t rea tment  o f  agronany r e s u l t s  which accounts f o r  

v a r i a t i o n  w i t h i n  and between years,  i s  an e s s e n t i a l  s tep  towards t h e i r  

use i n  whole-farm analyses. These measurements a r e  planned t o  con t inue  

on b a r l e y  crops f o l l o w i n g  f a1  low and forages f o r  two more seasons. 

Thus, by t h e  1988 harves t ,  two years  o f  b a r l e y  y i e l d  r e s u l t s  w i l l  be  

a v a i l a b l e  a t  t h e  same l oca t i ons .  

M. Oglah and U. Marz 
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WHEAT BASED SYSTEMS RESEARCH 

3.1 INTRODUCTION 

As i n d i c a t e d  i n  s e c t i o n  1.1 o f  t h i s  r epo r t ,  our  research w i t h i n  t h e  

wheat based systems i s  cmponent  o r i e n t a t e d  towards t h e  mandate crops 

o f  ICARDA which are p r e d m i n a n t l y  grown i n  these w e t t e r  and h i g h e r  

p o t e n t i a l  farming systems, namely wheat and food legumes. Our 

long- term goal s and o b j e c t i v e s  are:  

O b j e c t i v e s  

To enhance p r o d u c t i v i t y ,  y i e l d  s t a b i l i t y ,  and income of farmers i n  

areas r e c e i v i n g  more t han  350 mm o f  r a i n f a l l  where wheat, food legumes 

and summer crops a r e  t h e  predominant annua l l y  sown crops. Emphasis i s  

p laced  on improvements i n  wheat and food legume p roduc t i on  w h i l s t  

ensur ing  t h a t  improvements i n  these  ccnponents are evaluated i n  t h e  

con tex t  o f  whole farming systems. 

Long-Term Goals 

a)  TO evaluate,  i n  coopera t ion  w i t h  CP t h e  p o t e n t i a l  f o r  increased 

wheat product  i o n  th rough improved husbandry, weed c o n t r o l ,  

f e r t i l i z e r  use and v a r i e t y  i n t r o d u c t i o n ,  and t o  assess, th rough  

on-farm research and t e s t i n g ,  c u r r e n t  wheat p roduc t i on  p r a c t i c e s  

and p o t e n t i a l  c o n s t r a i n t s  t o  adopt ion o f  improved 

recommendations. 

b )  To a s s i s t  Na t iona l  Prograns i n  improv ing and ex tend ing  c u r r e n t  

recanmendations t o  wheat growers. 



c )  To a s s i s t  FLIP i n  research and e v a l u a t i o n  o f  improved food  legume 

produc t  i o n  p rac t i ces ,  wi t h  s p e c i a l  re fe rence  t o  improved BNF, 

weed c o n t r o l ,  and wa te r  use e f f i c i e n c y .  

d )  To a s s i s t  FLIP and Na t i ona l  Programs i n  eva lua t ion ,  m o d i f i c a t i o n  

and ex tens ion  o f  improved p r a c t i c e s  through surveys and on-farm 

t e s t i n g  and demonstrat ion. 

e )  To e v a l u a t e  p o t e n t i a l  improvements i n  wheat and food legume 

p roduc t i on  i n  t h e  g r e a t e r  con tex t  o f  bo th  cropping and farming 

s  ys  terns. 

L a s t  yea r  we repor ted  t h e  i n i t i a l  f i n d i n g s  o f  a  survey o f  wheat 

producers i n  NW S y r i a  (Rassam and T u l l y ,  1986) which h i g h l i g h t e d  t h e  

cons iderab le  v a r i  ab i  1  i t y  o f  wheat p roduc t i on  p r a c t i c e s  i n  t h e  area. 

T h i s  yea r  we supplement t h a t  r e p o r t  w i t h  an econanic a n a l y s i s  o f  

farmers'  y i e l d s  i n  t h e  1984185 which i l l u s t r a t e s  an assoc ia ted  

v a r i a b i l i t y  o f  p r o f  i t  margins. We a l s o  r e p o r t  t h e  r e s u l t s  o f  a s e t  o f  

on-farm t r i a l s ,  des igned t o  answer some quest ions r a i s e d  i n  t h e  survey 

ana l ys i s ,  which examined t h e  i n t e r a c t i o n  between crop r o t a t i o n ,  N and P 

f e r t i l i z e r  use and h e r b i c i d e  a p p l i c a t i o n .  Th i s  type o f  commodity 

focussed survey, and t h e  i n f o r m a t i o n  i t  prov ides,  he lps  t o  focus  and 

generate research a c t i v i t y  o f  p r i o r i t y  and relevance. Prev ious surveys 

o f  t h i s  type on l e n t i l  and b a r l e y  have proved e q u a l l y  use fu l ,  and 

c u r r e n t  surveys by our FSR p r o j e c t  i n  Goubel la t ,  Tun is ia ,  a r e  fo rming  

t h e  b a s i s  o f  an expanded l i v e s t o c k / f o r a g e  research program. As 

i n d i c a t e d  i n  s e c t i o n  1.1, we cons ide r  t h e  development o f  methodologies 



o f  survey design, execu t ion  and analyses, and t h e i r  1 i  nkage w i t h  

i d e n t i f i c a t i o n  o f  research o b j e c t i v e s  t o  be a h i gh  p r i o r i t y  f o r  ICARDA 

and o f  g r e a t  b e n e f i t  f o r  Na t i ona l  Programs. 

I n i t i a l  r e s u l t s  f r a n  our l a r g e  p l o t  two-course r o t a t i o n  t r i a l  a t  

T e l  Hadya a re  a l so  presented. T h i s  t r i a l  examines t h e  i n t e r a c t i o n  o f  

c rop  r o t a t i o n ,  wheat s t u b b l e  management and n i t r o g e n  f e r t i l i z e r ,  and 

canplements t h e  r e s u l t s  o f  our on-farm t r i a l s .  L a s t l y ,  on wheat, we 

present  a summary h i g h l i g h t  o f  a PhD s tuden t ' s  research on t h e  s o i l  and 

p l a n t  dynamics of  urea f e r t i l i z e r  app l i ed  t o  wheat. 

Our research on food  legumes cen te rs  around on-farm t e s t i n g  and 

econanic e v a l u a t i o n  o f  improved p r o d u c t i o n  techniques f o r  l e n t i l  and 

ch ickpea which were developed i n  coopera t ion  w i t h  FLIP. Such o n - f a n  

research i s  very app l ied ,  and t h e  r e s u l t s  w i l  1 be o f  d i r e c t  b e n e f i t  t o  

t h e  S y r i a n  farmers. I n  t h i s  respect ,  we hope t o  expand such work i n  

t h e  f u t u r e  i n  c o l l a b o r a t i o n  w i t h  t h e  Nat iona l  Programs. However, we 

a r e  a l so  we l l  aware t h a t  i n  such t r i a l s  t h e r e  a r e  spec ia l  techniques 

assoc ia ted  w i t h  t r i a l  design, s i t e  s e l e c t i o n ,  econanic analyses and 

i d e n t i f i c a t i o n  o f  s p e c i f i c  recanmendation domains f o r  i n n o v a t i v e  

p roduc t i on  p rac t i ces .  These need t o  be thorough ly  eva lua ted  as a 

c o n t i n u i n g  p a r t  o f  our  co re  research  program i n  order  t h a t  we may 

a s s i s t  Na t i ona l  Programs i n  t h e  f u t u r e .  



3.2 ECONMICS OF WHEAT PRODUCT ION I N  NORTMJESTERN SYRIA 

3.2.1 I n t r o d u c t i o n  

I n  t h e  1984-85 c ropp ing  season a d i a g n o s t i c  survey o f  wheat producers 

was c a r r i e d  ou t  i n  t h e  p rov inces  o f  Aleppo, Id leb ,  Homs and Hama. 

Bas ic  r e s u l t s  were repor ted  l a s t  y e a r  (Rassam and T u l l y ,  1986). Dur ing  

t h e  c u r r e n t  season an a d d i t i o n a l  v i s i t  was made t o  f o l l o w  up t h e  

d i s p o s i t i o n  o f  t h e  p rev ious  y e a r ' s  crop and p r i c e s  received. W i t h  t h i s  

i n f o r m a t i o n  i t  i s  poss ib l e  t o  analyze wheat p roduc t i on  budgets f o r  t h e  

1984/85 season. The season was somewhat worse t han  average due t o  

f r o s t ,  and t h e  e f f e c t  o f  t h i s  was i r r e g u l a r  i n  s e v e r i t y  (ICARDA 1986, p 

4-7).  Several years  o f  da ta  would be p r e f e r a b l e  t o  c h a r a c t e r i z e  t h e  

econanics o f  wheat product ion.  One season can, however, g i v e  a general  

i d e a  o f  i t s  p r o f i t a b i l i t y  and e s p e c i a l l y  t h e  r i s k s  t h a t  farmers face. 

3.2.2 Resu l t s  and D i scuss ion  

O f  wheat harvested i n  1985, t h e  average sample household s o l d  56%, 

consumed 30%, used 8% as seed and 6% as feed. I n  subsequent 

c a l c u l a t i o n s ,  wheat produced w i  1 1 be valued a t  t h e  p r i c e  rece ived  f o r  

wheat sold. 

I n  t h e  f o l l o w i n g  d i s c u s s i o n  a smal l  number o f  farmers who had 

s t a t e d  t h a t  t hey  would no t  i r r i g a t e ,  b u t  then  used supplementary 

i r r i g a t i o n ,  a r e  excluded because o f  u n c e r t a i n t y  over  t h e  c o s t s  o f  t h e i r  

wa te r  use, which made c a l c u l a t i o n  o f  ne t  revenues imposs ib le ,  i t  i s  

a l so  no t  c l e a r  how canrnon i t  i s  f o r  them t o  i r r i g a t e .  However i t  i s  



w o r t h  m e n t i o n i n g  t h a t  supp lemen ta ry  i r r i g a t i o n  was a s s o c i a t e d  w i t h  h i g h  

g r o s s  revenues i n  t h i s  season, a v e r a g i n g  n e a r l y  SL 7000 compared t o  

SL 2000 f o r  o the rs .  The econani  c s  o f  supp lementary  i r r i g a t i o n  r e q u i r e  

s p e c i a l  a t t e n t i o n  and a r e  b e i n g  addressed i n  o t h e r  FSP p r o j e c t s  ( see  

s e c t i o n  4.6). 

As wou ld  be  expected,  t h e r e  i s  c o n s i d e r a b l e  d i v e r s i t y  i n  t h e  

c o s t s ,  revenues, n e t  revenues,  and r a t e s  o f  r e t u r n  e x p e r i e n c e d  by  

fa rmers .  On a  p e r - h e c t a r e  bas i s ,  t h e  average r a i n f e d  f a n  s p e n t  SL 942 

on  i n p u t s  and SL 454 on  h a r v e s t ,  r e c e i v e d  g r o s s  revenue o f  SL 1964, f o r  

a  p r o f i t  o f  SL 569, wh ich  i s  4 1  p e r c e n t  o f  t o t a l  cos ts .  However, t h i s  

ave rage  i s  a  r a r e  s i t u a t i o n ,  i n  f a c t  28% o f  f a rmers  l o s t  money, 

i n c l u d i n g  12% who t u r n e d  t h e  c rop  under  a f t e r  f r o s t  damage. F i g u r e  1 4  

shows t h e  w ide d i s t r i b u t i o n  o f  c o s t s  and revenues i n  t h e  d a t a  s e t ;  

i n d i v i d u a l  v a r i a b l e s  a r e  h i g h l i g h t e d  i n  F i g u r e  15. C o s t s  show 

c o n s i d e r a b l y  l e s s  d i v e r s i t y  t han  revenue and r a t e s  of p r o f  i t. 

T h e  fa rms were d i v i d e d  i n t o  f o u r  e q u a l l y  s i z e d  g r o u p s  a c c o r d i n g  

t o  t h e i r  t o t a l  i n p u t  c o s t s  t o  compare p a t t e r n s  o f  e x p e n d i t u r e s ,  

revenues,  and p r o f i t s  ( T a b l e  1 9 ) .  The l owes t - spend i  ng f a r m e r s  

(Group 1) used minimum i n p u t s  and r e c e i v e d  t h e  l o w e s t  g r o s s  revenues 

and n e t  revenue o f  a l l  g roups,  however, t h e i r  p r o f i t  was h i g h  as  a  

pe rcen tdge  o f  i n p u t  c o s t s .  Group 2  spen t  42% more on i n p u t s  and more 

t h a n  covered t h e i r  c o s t s ,  t h i s  g roup  o f  modera te  spenders ach ieved  t h e  

h i g h e s t  n e t  revenue. Groups 3 and 4  have h i g h e r  r a t e s  o f  i nves tmen t ,  

b u t  i n  t h e s e  g roups  b o t h  n e t  revenue and r a t e s  o f  p r o f i t  d e c l i n e  i n  

s p i t e  o f  h i g h e r  g r o s s  revenues,  t h e  i n c r e a s e d  y i e l d s  a r e  i n s u f f i c i e n t  



Cost ( S L / h a )  

F i g u r e  14 D i s t r i b u t i o n  of  revenues vs c o s t s  f o r  sample wheat 
farmers (SL/ha) . 
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t o  repay t he  e x t r a  investment. Thus i n  t h i s  season a  s t r a t e g y  o f  

moderate investment  i n  wheat p roduc t i on  appears t o  have been opt imal .  

Table 19 Mean expend i tu res  and revenues by farmers grouped accord ing 
t o  t h e i r  i n p u t  c o s t s  (SLIha) 

I n p u t  Cost Group 

Range (SL) 

R a i n f a l l  84/85 

Mean Costs o f  (SL) 
C u l t i v a t i o n  
Phosphate 
N i t r o g e n  
Seed and P l a n t i n g  
Weed Cont ro l  

T o t a l  Inpu t  Costs  

Harves t IPos t  Harvest  

T o t a l  Costs 

Revenue 

Ne t  Revenue 

Percen t  P ro f  it, O v e r a l l  

Percen t  P ro f  i t  on I n p u t s  

Costs  f o r  d i f f e r e n t  i n p u t s  a r e  no t  s i g n i f i c a n t l y  c o r r e l a t e d  among 

themselves, w i t h  t h e  excep t ion  o f  seed and n i t r o g e n  f e r t i l i z e r  (r=.54, 

p<.01) and phosphate w i t h  c u l t i v a t i o n  (F-.26, p<.05). The l a t t e r  i s  

i n  f a c t  a  nega t i ve  c o r r e l a t i o n .  Thus i t  appears t h a t  i n  genera l ,  

farmers make dec i s i ons  about each i n p u t  independent ly,  r a t h e r  t h a n  

u s i n g  them i n  f i x e d  p ropor t ions .  



Inpu t  use, s o i l  q u a l i t y ,  and r a i n f a l l  a r e  c l o s e l y  l i nked ,  f o r  

example, as repo r ted  l a s t  year,  farmers determine t h e i r  a p p l i c a t i o n  o f  

n i t r o g e n  a f t e r  observ ing  p a r t  o f  t h e  seasonal r a i n f a l l .  There fo re  

survey r e s u l t s  ( u n l i k e  t r i a l s )  cannot be used t o  e s t i m a t e  t h e  

independent impor tance o f  these f a c t o r s  i n  determin ing y i e l d .  I n  

canb ina t ion ,  u s i n g  m u l t i p l e  l i n e a r  regress ion,  i n p u t  costs ,  s o i l  

q u a l i t y  (good vs. poor),  and seasonal r a i n f a l l  e x p l a i n  42% o f  t h e  

var iance  i n  g ross  revenue. The remai n i  ng var iance  i s presumably 

assoc ia ted w i t h  more complex s o i l  and environmental  c h a r a c t e r i s t i c s ,  

and management. I n t e r e s t i n g l y ,  these  v a r i a b l e s  expla ined much l ess  o f  

t h e  var iance  i n  n e t  revenue and r a t e  o f  r e t u r n ,  and on l y  s o i l  q u a l i t y  

was s i g n i f i c a n t  i n  those equat ions. 

As repo r ted  l a s t  y e a r  r o t a t i o n  p lays  an impor tan t  r o l e  i n  

de te rmin ing  i n p u t  use. I n  p a r t i c u l a r ,  farmers growing wheat a f t e r  

i r r i g a t e d  summer crops apply more c u l t i v a t i o n ,  seed and n i t r o g e n  than  

t h e  amounts used a f t e r  o t h e r  crops. The r e s u l t i n g  wheat crop more than  

covered costs. Mean n e t  revenue a f t e r  i r r i g a t e d  summer crops was SL 

1501, compared t o  965 a f t e r  r a i n f e d  summer crops, 476 a f t e r  legumes, 

and 135 a f t e r  fa1 low. R o t a t i o n  may we1 1 be assoc ia ted  w i t h  

environmental  f a c t o r s  de te rmin ing  y i e l d ,  b u t  t h e  cases a r e  t o o  few f o r  

a combined a n a l y s i s  o f  va r iance  (see a l s o  sec t i on  3.3 T o r  r o t a t i o n  

e f f ec t s  on econanics o f  wheat p roduc t ion) .  

Farm s i ze  i s  a l s o  canmonly c i t e d  as a f a c t o r  a f f e c t i n g  farm 

management, h i c h  i nc l udes  dec i s i ons  about i n p u t  use and a f f e c t s  t h e  

r e t u r n  one rece ives  on investment. I n  terms o f  s imple c o r r e l a t i o n s ,  



owners of small farms appear t o  use more o f  most inpu ts ,  a l though t hey  

d i d  no t  ge t  s i g n i f i c a n t l y  b e t t e r  n e t  revenues o r  p r o f i t s .  (As 

mentioned above, users o f  h igh  amounts o f  i n p u t s  d i d  no t  do w e l l  t h i s  

season.) We know f r an  p r e v i o u s l y  r epo r ted  r e s u l t s  (Rassam and T u l l y )  

t h a t  i n p u t  use depends upon r a i n f a l l  and s o i l  type; farm s i z e  i s  a l s o  

p a r t i a l  ly dependent on these  va r i ab les ,  be ing  m a 1  l e r  i n  more 

p r o d u c t i v e  areas. Therefore i t  i s  necessary t o  i n c l u d e  these  v a r i a b l e s  

w h i l e  t e s t i n g  t h e  e f f e c t  o f  farm s i ze .  

By c a r r y i n g  out  a  r eg ress ion  on inpu ts ,  revenues and p r o f i t s  w i t h  

farm s i z e  i n  combinat ion w i t h  environmental  va r iab les ,  i t  can be 

demonstrated t h a t  investment i n  c u l t i v a t i o n  i s  s i g n i f i c a n t l y  g r e a t e r  on 

sma l l  farms even a f t e r  account ing f o r  environmental  f ac to r s ;  s i m i l a r l y ,  

farm s i ze  exp la i ns  12% o f  t h e  var iance  i n  i n p u t  cos t s  a f t e r  s o i l  and 

r a i n f a l l  are taken  i n t o  account. Thus fanners w i t h  l i m i t e d  l a n d  

resources i n v e s t  inore money p e r  hec ta re  i n  t h e i r  ho ld ings  even w i t h  

environmental  f a c t o r s  h e l d  constant .  

Due t o  t h e  i nc reas ing  i nc i dence  o f  o f f - f a r m  employment, i t  i s  

impo r tan t  t o  de tenn ine  i t s  e f f e c t  on t h e  management o f  farms. There i s  

some confounding i n  t h e  da ta  se t  because h igh  l e v e l s  o f  o f f - f a r m  income 

a r e  found i n  areas o f  poor  s o i l .  I f  these  cases are removed, t h e r e  

appears t o  be no re1  a t i o n s h i p  between o f f - f a r m  income and expendi tures 

on any inpu ts .  I n  s p i t e  o f  t h i s ,  revenue p e r  hec ta re  i s  n e g a t i v e l y  

c o r r e l a t e d  w i t h  t h e  p r o p o r t i o n  o f  f a m i l y  income earned o f f - f a r m  

(F-.30, p<.05), t h i s  i s  a l so  t r u e  f o r  ne t  revenue (r=-.36, p<.05) and 

r a t e  o f  p r o f i t  (r=-.24, p<.10). Whi le  t h e  d i r e c t i o n  o f  c a u s a l i t y  



cannot be c e r t a i n  based on e x i s t i n g  data,  it i s  l i k e l y  t h a t  t h e  

management and s u p e r v i s i o n  r e q u i r e d  t o  get  t h e  best  r e t u r n  on 

investment  may be l a c k i n g  i f  o f f - f a r m  income i s  p l a y i n g  a  ma jo r  r o l e  i n  

f a m i l y  f inances. Survey work w i l l  be d i r e c t e d  a t  t h i s  i s sue  by t h e  

A g r i c u l t u r a l  Labor and Techno log ica l  Change p r o j e c t  i n  t h e  1986187 

season. 

D. T u l l y ,  A. Rassam 

3.3 NITROGEN, PHOSPHATE AND HERBICIDE EFFECTS 

ON F M E R S '  WHEAT PRODUCTION 

3.3.1 I n t r o d u c t i o n  

Wheat i s  grown i n  w e t t e r  areas (ove r  325 mn mean annual r a i n f a l l )  o f  

S y r i a  where a  f a i r l y  canplex mix o f  crops and r o t a t i o n s  p r e v a i l .  

ICARDA has a  reg iona l  r e s p o n s i b i l i t y  f o r  research on wheat and has 

engaged i n  wheat b reed ing  and agronomy research s i n c e  i t s  

estab l ishment .  W i t h i n  t h e  Fanning Systems Program, r e s u l t s  o f  research  

on wheat i n v o l v i n g  t il lage systems, f e r t i  1  i z a t i o n ,  weed c o n t r o l  and 

r o t a t i o n s  w i t h  n i t r o g e n  f i x i  ng legumes have been encouraging. 

P a r t i c u l a r l y  e a r l i e r  sowing, improved weed c o n t r o l  and t h e  use o f  

n i t r o g e n  and phosphate have been found e f f e c t i v e  (ICARDA, 1984, p  5-12; 

ICARDA, 1986, p  56). However, these  responses show l a r g e  i n t e r a c t i o n s ;  

improved y i e l d s  f rom one i n n o v a t i o n  may depend upon adopt ion o f  a  s e t  

o f  assoc ia ted p rac t i ces .  The f e a s i b i l i t y  o f  new techno log ies  depends 

i n  p a r t  on t h e  e x i s t i n g  fann ing  system. Therefore,  a  d e t a i l e d  survey 



o f  wheat producers i n  nor thwes te rn  S y r i a  was undertaken i n  1984 t o  

o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on wheat-based farming system. The aim 

of t h e  survey work was t o  determine t h e  re levance  o f  c u r r e n t  research  

r e s u l t s  and t o  p rov ide  d i r e c t i o n  f o r  new research  (see s e c t i o n  3.2). 

Survey r e s u l t s  i n d i c a t e d  t h a t  increased exper imenta t ion  w i t h  

d i f f e r e n t  c u l t i v a t i o n  p r a c t i c e s  and t h e  weed c o n t r o l - f e r t i l i z a t i o n  

i n t e r a c t i o n  i n  on-farm t r i a l s  would i n t e r e s t  farmers cons iderab ly .  

The re fo re  i n  1985/86, u n r e p l i c a t e d  f a c t o r i a l  t r i a l s  were sown i n  14 

fa rmers '  f i e l d s  i n  NW S y r i a  (Aleppo, I d l eb ,  Hama and Homs prov inces)  

and a t  Te l  Hadya research s t a t i o n  t o  assess t h e  e f f e c t  o f  c rop  r o t a t i o n  

and r a i n f a l l  on n i t r o g e n  and phosphate response sur faces o f  wheat and 

t h e i r  i n t e r a c t i o n  w i t h  h e r b i c i d e  use. 

3.3.2 Methodology 

T h i r t y - t w o  t rea tment  combinat ions o f  4 n i t r o g e n  l e v e l s  (0, 60, 120, 180 

kg/ha N, h a l f  a t  p l a n t i n g ,  h a l f  a t  t i l l e r i n g ) ,  4 phosphate l e v e l s  (0, 

50, 100, 150 kg/ha P205, a t  seeding) and 2 weed c o n t r o l  l e v e l s  (+ - 

h e r b i c i d e ;  b r m o x y n i l  + d i c l opme thy l  0.5 kg a i / ha  + 1.0 k g  a i / ha  

app l i ed  a t  4 l e a f  s tage)  were tes ted .  Experiments were p l an ted  

accord ing  t o  farmers '  t i 1  lage and sowing methods o f  b roadcas t ing  seed 

and f e r t i l i z e r  over r i dged  land  and s p l i t t i n g  t h e  r i dge5  t o  cover  t h e  

seed and f e r t i l i z e r .  P l a n t s  p e r  u n i t  area, g r a i n  and s t raw y i e l d s ,  

1000 ke rne l  weights,  p r o t e i n  and v i t reousness  percentage o f  g r a i n  were 

measured i n  a1 1 p l o t s .  Weeds p e r  u n i t  area, and weed d r y  m a t t e r  

p roduc t i on  were measured i n  8  se lec ted  t rea tment  combinat ions (0, 180 



kg lha  N, 0, 150 k g l h a  P205 and - + h e r b i c i d e ) .  

3.3.3 Resu l ts  and D iscuss ion  

Wi thou t  excep t ion  b road lea fed  weed i n f e s t a t i o n  was much g r e a t e r  t h a n  

grasses i n  each l o c a t i o n .  Across a l l  l o c a t i o n s  89% o f  t h e  weedy p l o t s  

were covered by broadl'eafed weeds (ma in ly  S inapi  s  arvens i  s, Vaccar ia  

p ramida ta ,  Euphorbia and V i c i a  *) and 11% by grasses (ma in ly  

P h a l a r i s  and Avena s t e r i l i s ) .  Weed d r y  mat te r ,  as a f f e c t e d  by 

p rev ious  crop and t h e  t rea tments  imposed, a re  g iven  i n  Tab le  20. 

H e r b i c i d e  was c l e a r l y  e f f e c t i v e  i n  c o n t r o l l i n g  weeds, and as would be 

expected, w e d s  responded t o  bo th  n i t r o g e n  and phosphate f e r t i l i z e r .  

Weed i n f e s t a t i o n  was s i m i l a r  i n  wheat crops preceded by ch ickpea and 

r a i n f e d  s u m e r  crops, b u t  was markedly l e s s  i n  wheat f i e l d s  preceded by 

i r r i g a t e d  s u m r  crops. The reason f o r  t h i s  i s  not  c l e a r ,  but  may 

r e f l e c t  a  g e n e r a l l y  b e t t e r  l e v e l  o f  management on farms w i t h  access t o  

i r r i g a t i o n  water. 

Tab le  20 Main e f f e c t s  of n i t r ogen ,  phosphate and h e r b i c i d e  on weed d r y  
ma t te r  p roduc t i on  (kg/ha) as i n f l u e n c e d  by p rev ious  crop.* 

P rev ious  crop 
Ra in fed  I r r i g a t e d  

Chickpea summer crop summer c rop  

H e r b i c i d e  - 
+ 

N i t r o g e n  (kg/ha) 0 335 57 5 
180 93 6 82 1 

Phosphate (kg/ha) 0 607 5 82 
150  66 5 81 3 

* Sampled a t  crop anthes is .  



So i l  ana lys is  f o r  N and P and average g r a i n  and straw y i e l d s  f o r  

each l o c a t i o n  are shown i n  Table 21. Mean y i e l d s  o f  g r a i n  and straw 

f o r  the  cont ras t ing  r o t a t i o n s  were s i g n i f i c a n t l y  (p<.01) d i f f e r e n t  from 

each other  and a lso var ied  from l o c a t i o n  t o  l oca t ion  w i t h i n  each 

r o t a t i o n  system. The la rge y i e l d s  f o l l o w i n g  i r r i g a t e d  summer crops, 

can be explained by the  g rea te r  amounts o f  avai lable-N and P i n  t h e  

s o i l ,  together  w i t h  t h e  p r o b a b i l i t y  o f  residua1 moisture from t h e  

summer i r r i g a t i o n .  The s u p e r i o r i t y  o f  wheat f o l  lowing r a i n f e d  summer 

crops over t h a t  f o l l o w i n g  chickpea i s  not so e a s i l y  accounted fo r .  The 

n u t r i t i o n a l  s ta tus  o f  t he  s o i l s  was not  s i g n i f i c a n t l y  d i f f e r e n t ,  bu t  

o the r  s tudies have shown t h a t  summer crops such as melon do not  u t i l i z e  

a l l  s tored water i n  t h e  p r o f i l e ,  and t h a t  subsequent wheat crops are 

able t o  u t i l i z e  t h i s  moisture (ICARDA, 1984, p 40-45, Cooper, -- e t  al., 

1986). 

The main e f f e c t s  and i n t e r a c t i o n s  o f  N, P, and he rb i c ide  were 

analysed f o r  g r a i n  and straw y i e l d s  o f  wheat w i t h  l oca t ions  grouped 

according t o  previous crop (Tables 22 and 23). Both g r a i n  and straw 

y i e l d s  were s i g n i f i c a n t l y  increased by n i t rogen a p p l i c a t i o n  on wheat 

f o 1  lowing chickpea (p<O.Ol), but  responses were less pronounced 

f o l l o w i n g  ra in fed  summer crop where g ra in  y i e l d  was only s i g n i f i c a n t l y  

i ncreased when he rb i c ide  was applied, and no s i g n i f i c a n t  response was 

found f o r  straw y ie lds .  I n  wheat crops f o l l o w i n g  i r r i g a t e d  summer 

crops, no response t o  n i t rogen  was found, r e f l e c t i n g  the h igh  ava i l ab le  

n i t rogen  s ta ths  o f  t he  s o i l  (see Table 21). 



Table 21 S o i l  ana lys is  f o r  N and P and average g ra in  and straw y i e l d  i n  wheat 
on-farm t r i a l s ,  1985/86. 

M i  neral-N 
k g/ha ( ~ ~ 2 ~ 0 3 )  ppm P-01 sen (ppm) 

Previous ------------ --------------- ------------- 
Province V i  1 lage crop Grain Straw Mean (0-100 cm) (0-20 cm) 

Aleppo 
Aleppo 
Aleppo 
Aleppo 
I d l e b  
I d l e b  
I d  leb 

I d l e b  
I d l e b  
I d l e b  
I d  leb 

Homs 
Horns 
Horns 
Horns 

A1 karnieh 
A f r i n  
Der Sawan 
Tel Hadya 
Taoum 
Jal  loo1 
Dar Kb i ra  

Taoum 
A1 -Dower 
Afes 
Afes 

F. Sharkieh 
F. Gharbieh 
Fanto 
Fanto 

Chickpea 
Chickpea 
Chickpea 
Chickpea 
Chickpea 
Chickpea 
Chickpea 

Mean 

Rainfed s.c. 
Rainfed s.c. 
Rainfed s.c. 
Rainfed s.c. 

Mean 

I r r i g a t e d  s.c. 
I r r i g a t e d  s.c. 
I r r i g a t e d  S.C. 
I r r i g a t e d  S.C. 

Mean 



Table 22 Grain y i e l d  o f  wheat (kg lha)  f o l l ow ing  chickpea, r a i n f e d  summer crop 
and i r r i g a t e d  summer crop, 1985186. 

N (kglha) - - - - - - - - - - - - - - - - - - - - - - - - - - - - P205 (kglha)  ............................ 
0 60 120 180 0 50 100 150 Mean 

Previous crop - Chickpea 

-H 2033 2480 2620 2291 2234 2425 2365 2400 
+H 2334 2880 2953 3071 2659 2842 2829 2910 
Mean 2184 2680 ** 2787 2681 2446 2634 Ns 2597 2655 

LSD (0.05) Ni t rogen 223 kglha 
Herb ic ide  158 kglha 

Previous crop - Rainfed summer crop 

-H 2998 2630 ** 2596 2768 2825 2648 2810 2708 
+H 3168 3650 3487 3872 3373 3573 3515 3716 
Mean 3083 3140 NS 3041 3320 3099 3110 Ns 3162 3216 

LSD (0.05) Ni t rogen x herbic ide 399 kg/ha 
Herbic ide 199 kg/ha 

Previous crop - I r r i g a t e d  summer crop 

-H 4194 4677 4018 4041 4370 4348 4421 3792 
+H 4243 4616 4798 4766 4631 4437 4742 4613 
Mean 4219 4646 NS 4408 4404 4500 4393 4581 4202 

LSD (0.05) Herbic ide 327 kglha 



Table 23 Straw y i e l d  o f  wheat ( k g l h a )  f o l l o w i n g  chickpea, r a i n f e d  summer c r o p  
and i r r i g a t e d  summer crop, 1985186 

N (kg/ha)  P205 (kg/ha) ............................ ............................ 
0 60 120 180 0 50 100 150 Mean 

Prev ious  c r o p  - Chickpea 

-H 2366 2908 3178 3344 2941 3043 2845 2968 2949 
+H 2788 3575 3856 3912 3403 3317 3672 3739 3533** 
Mean 2577 3241 ** 3517 3628 3172 3180 Ns 3259 3353 - 3241 

LSD (0.05) N i t r o g e n  382 kg/ha 
H e r b i c i d e  270 k g l h a  

Prev ious  c rop  - Ra in fed  summer crop 

-H 2811 2785 3017 2970 3043 2802 2930 2809 2896 
+H 3617 3563 3730 3995 3831 3526 3675 3873 3726** 
Mean 3214 3174 NS 3374 3482 3437 3164 Ns 3302 3341 3311 

LSD (0.05) H e r b i c i d e  198 kg/ha 

Prev ious  c rop  - I r r i g a t e d  summer crop 

-H 5477 5690 5645 5393 5762 5341 5758 5344 5551 
+H 5334 5809 5924 5125 6558 4925 5035 5674 5548NS 
Mean 5405 5749 NS 5784 5259 6160 5133 *, 5396 5509 5549 

LSD (0.05) Phosphate 582 k g l h a  



There were no p o s i t i v e  responses t o  phosphate a p p l i c a t i o n  i n  any 

of t h e  t h r e e  groups of c r o p  r o t a t i o n s ,  b u t  a  s i g n i f i c a n t  nega t i ve  

response o f  s t raw y i e l d  was found i n  wheat f o l l o w i n g  i r r i g a t e d  summer 

crops. Th i s  i s  probably  assoc ia ted  w i t h  t h e  much b e t t e r  phosphate 

s t a t u s  o f  these s o i l s  (Tab le  21). It i s  s u r p r i s i n g  t h a t  no response 

was observed i n  t h e  o t h e r  r o t a t i o n s  where t h e  phosphate s t a t u s  was 

cons iderab ly  poorer,  p a r t i c u l a r l y  i n  wheat f o l  l ow ing  r a i n f e d  summer 

crops where t h e  mean phosphate l e v e l  was o n l y  3.6 ppm Olsen-P. I n  t h e  

d r i e r  areas o f  S y r i a  where b a r l e y  i s  grown, s u b s t a n t i a l  responses t o  

P - f e r t i l  i z e r  a r e  observed i n  s o i l s  w i t h  s i m i l a r  P-s ta tus  (ICARDA, 1986, 

p  20-23, s e c t i o n  4.5 o f  t h i s  r e p o r t ) .  F u r t h e r  work i s  r e q u i r e d  t o  

assess t h e  i n t e r a c t i o n  between s o i l  type, crop, r a i n f a l l  and t h e  

c r i t i c a l  l e v e l  o f  s o i l  a v a i l a b l e  P above which no responses would be 

expected. Such work i s  a  ma jo r  component o f  t h e  research planned f o r  

t h e  coming 1986/87 season. 

H e r b i c i d e  a p p l i c a t i o n  gave l a r g e  and s i g n i f i c a n t  responses o f  

g r a i n  and s t raw y i e l d s  (p<0.01) i n  wheat f o l l o w i n g  chickpea and r a i n f e d  

summer crop, bu t  had a  l e s s  pronounced e f f e c t  on wheat f o l l o w i n g  

i r r i g a t e d  summer c rops  where on l y  a  sma l l  response o f  g r a i n  y i e l d  

(p<0.05), and no response t o  s t raw y i e l d  was observed, t h u s  r e f l e c t i n g  

t h e  l e v e l  o f  weed i n f e s t a t i o n  i n  these  f i e l d s  (see Tab le  20). I n  

genera l ,  fanners i nvo l ved  w i t h  these  t r i a l s  i n d i c a t e d  t h a t  t hey  

apprec ia ted  t h e  value o f  h e r b i c i d e s  and were a b l e  t o  judge i f  and when 

t hey  needed t o  app ly  them. They were l e s s  c lear ,  however, about 

s u i t a b l e  r a t e s  o f  f e r t i l i z e r  a p p l i c a t i o n ,  and t hus  i n  f u t u r e  on-farm 



t r i a l s  w i l l  focus  on t h i s  aspect,  and un i f o rm  h e r b i c i d e  a p p l i c a t i o n  

w i  1  1  be made across each tr i a1 . 
S ince  no response t o  phosphate was observed in any o f  t h e  t h r e e  

groups o f  t r i a l s ,  economic a n a l y s i s  was l i m i t e d  t o  t h e  a p p l i c a t i o n  o f  

n i t r o g e n  and he rb i c i de .  Inc rease  i n  ne t  revenue was c a l c u l a t e d  f o r  t h e  

v a r i o u s  n i t r ogen -he rb i c i de  canb ina t i ons  f o r  wheat f o l l o w i n g  ch ickpea 

and r a i n f e d  summer crops us ing  t h e  f o l l o w i n g  c o s t / p r i c e  assumptions: 

N i t r o g e n  - 3.20 SL/kg N ( i n c l u d i n g  a p p l i c a t i o n  c o s t )  
H e r b i c i d e  - 319 SL/ha ( i n c l u d i n g  a p p l i c a t i o n  c o s t )  
Harves t  c o s t  - 10% o f  t h e  gross revenue ( i n c l u d i n g  bagging and 

t r a n s p o r t )  
Wheat g r a i n  - 1.85 SL/kg 
Wheat s t raw - 0.63 SL/kg 

Increases i n  net  revenue were c a l c u l a t e d  and sub jec ted  t o  

dominance analys is .  The dominant t rea tments  are g iven i n  T a b l e  24. 

Table 24 Economic ana l ys i s  o f  n i t r o g e n  and h e r b i c i d e  a p p l i c a t i o n  on 
wheat f o l l o w i n g  ch ickpea and r a i n f e d  summer crop 

Increased Margi  na l  r a t e  
Treatment revenue Increase cos t  o f  r e t u r n  

SL/ha SL/ha % 

Prev ious  crop - Chickpea 

Prev ious  crop - Ra in fed  summer crop 



The economic optimum i s  de f i ned  as t h e  t rea tment  which p rov ides  

t h e  g rea tes t  i nc rease  i n  ne t  revenue w i t h o u t  t h e  marg ina l  r a t e  o f  

r e t u r n  fa1  l i n g  below 40%. 

I n  wheat f o l  lowi  ng chickpea, t h e  a p p l i c a t i o n  o f  n i t r o g e n  (60 

k g l h a  N)  produced a  good inc rease  i n  ne t  revenue a t  compara t i ve ly  low 

c o s t  w i t h  a  very  a t t r a c t i v e  marg ina l  r a t e  o f  r e t u r n  o f  278%. However, 

when h e r b i c i d e  was a l so  app l ied ,  i nc rease  i n  ne t  revenue was n e a r l y  

doubled and h igh  marg ina l  r a t e s  o f  r e t u r n  were mainta ined w i t h  bo th  60 

and 120 kg lha  N. Where wheat was preceded by r a i n f e d  summer crop, 

decreases i n  ne t  revenue were observed i n  a l l  t rea tments  where 

h e r b i c i d e  was no t  appl ied.  The a p p l i c a t i o n  o f  h e r b i c i d e  a l one  gave a  

s u b s t a n t i a l  i nc rease  i n  ne t  revenue w i t h  an a t t r a c t i v e  marg ina l  r a t e  o f  

r e t u r n  o f  209%. The a p p l i c a t i o n  o f  h e r b i c i d e  and 60 kg lha  N n e a r l y  

doubled ne t  revenue, b u t  ma in ta ined  t h e  same h i g h  marginal  r a t e  o f  

r e t u r n .  I nc reas ing  t h e  l e v e l  o f  app l i ed  n i t r o g e n  above 60  k g l h a  gave 

s l i g h t  b u t  e r r a t i c  increases i n  ne t  revenue w i t h  low marg ina l  r a t e s  o f  

r e t u r n .  

I n  conc lus ion,  i n  both chickpea-wheat and r a i n f e d  summer 

crop-wheat r o t a t i o n s ,  h e r b i c i d e  p l u s  n i t r o g e n  f e r t i l i z e r  a p p l i c a t i o n  t o  

wheat were econan i ca l l y  ve ry  a t t r a c t i v e .  The da ta  i n d i c a t e  t h a t  where 

wheat f o l l o w s  chickpea, h i g h e r  l e v e l s  o f  n i t r o g e n  a p p l i c a t i o n  should be 

used. 

M. Pala, A. Mazid, P. Cooper 



3.4 PRODUCTIVITY OF WHEAT-BASED ROTATIONS AT TEL HADYA 

3.4.1 Introduction 

dheat i s  the  major food crop of West Asia and North Africa. I t  i s  the  

main source of ca lo r i es  and protein in the  d i e t  of people in  t h i s  

region, and regional p e r  capi ta  consumption i s  the  l a rges t  in t h e  

world. 

In Syria,  a s  in o t h e r  countr ies  in t h e  region, wheat i s  grown 

predominantly in wet ter  areas (>  300 mn of r a i n f a l l )  where production 

exceeds household needs and surpluses are  marketed. In these  a reas ,  

wheat i s  grown in associa t ion with o ther  crops in a q u i t e  complex 

farming system. I t  may be ro ta ted  with winter or  spring sown food 

legumes, rainfed o r  i r r i g a t e d  summer crops, o r  fal low, in  e i t h e r  two o r  

t h r e e  year rotat ions.  A recent  survey shows t h a t  about 40% i s  grown in  

two course ro ta t ions  with e i t h e r  legumes, fa1 low o r  rainfed summer crop 

(Rassam and Tul l y ,  1986). 

A f u r t h e r  component of the  wheat based farming systems i s  

l ives tock,  mainly sheep, b u t  a lso  goats  and c a t t l e .  These animals may 

be kept by farmers in t h e  wheat growing areas and be a permanent par t  

of the  system, o r  they may be brought in seasonally f ran  l e ss  favoured 

r a i n f a l l  areas t o  graze on the  residues of both rainfed and i r r i g a t e d  

crops. The provision of a year-round feed supply f o r  those stock kept 

permanently i s  an in tegra l  part  of t h e  functioning of t h e  system. 

ICAROA c a r r i e s  out research on many of t h e  components of these  

systems - wheat, winter  and spring sown food legumes and forage crops 

f o r  animal feed s t u f f s .  Af ter  several years  of work on t h e  individual 



components o f  the system, i t  was considered t i m e l y  t o  begin t o  apply 

research resu l t s ,  under c o n t r o l l e d  cond i t ions ,  t o  measure t h e  p o t e n t i a l  

p r o d u c t i v i t y  o f  con t ras t i ng  cropping systems using t h e  best product ion 

methods known t o  ICARDA. 

3.4.2 Methodology 

Both phases o f  a two course r o t a t i o n  o f  wheat w i t h  e i t h e r  food o r  

forage legumes, o r  fa1 low, o r  summer crop were establ ished on Te l  Hadya 

i n  t h e  1983184 season. Two seasons were a1 lowed f o r  the  r o t a t i o n s  t o  

cane t o  equ i l ib r ium,  and i n  1985/86 improved crop product ion methods 

were appl ied f o r  t h e  f i r s t  t ime (Table 25). 

Table 25 Cu l t i va r ,  f e r t i l i z e r ,  weed and insec t  c o n t r o l  measures used 
i n  p r o d u c t i v i t y  o f  wheat based systems study, Tel Hadya. 

I n s e c t  
Crop C u l t i v a r  F e r t i l i z e r  Weed c o n t r o l  c o n t r o l  

Wheat Sham 1 P-60 kg  P205 B r m i n a l  Plus -- 
N-0, 30, 60, 90 kg  post-emergence 

L e n t i l  Local small P-60 kg P205 Kerb pre-emergence Carbofuran 
(unimproved) Fusi lade 

post-emergence 
A r e t i t  

post-emergence 

Chickpea ILC 482 P-60 kg P205 Ig ran  pre-emergence -- 
Fus i lade 

post-emergence 
Hand weeding 

post-emergence 

Vetch Local P-60 kg  P205 - - - - 
Medicago Mixed P-60 kg P205 Slashed - - 
Summer crop Local P-60 kg  P205 Mechanical Deprex 
(me1 on) 

Fa1 low - - P-60 kg P205 Mechanical - - 



P l o t  s i ze  i s  150 x 36 m, an area l a r g e  enough t o  represen t  

fanners  cond i t ions .  I n  t h i s  season, phosphate was app l i ed  t o  t h e  whole 

a rea  as i t  had been cropped f o r  severa l  years w i t hou t  f e r t i l i z e r .  I n  

f u t u r e  i t  w i l l  be app l i ed  t o  t h e  wheat phase only.  Con t ras t i ng  N r a t e s  

were a p p l i e d  t o  t h e  wheat i n  a  s p l i t  p l o t  des ign ( sub -p lo t s  37.5 x 36 

m), w i t h  20 kg pe r  hec ta re  a t  sowing and t h e  remainder a t  t i l l e r i n g .  

A c m p l e t e  i n v e n t o r y  o f  a l l  f i e l d  opera t ions ,  c o s t s  and y i e l d  

d a t a  i s  recorded each yea r  t o  a l l o w  a  thorough economic ana lys is .  Such 

an analyses w i l l  be undertaken a f t e r  severa l  years '  r e s u l t s  a re  

obta ined.  I n  t h i s  f i r s t  year ,  we r e p o r t  t h e  b i o l o g i c a l  da ta  only.  

3.4.3 Resu l t s  and D iscuss ion  

W i t h  t h e  very l a t e  s t a r t  o f  t h e  r a i n s  ( l a t e  December) and s l i g h t l y  l e s s  

t h a n  average seasonal r a i n f a l l  y i e l d s  were o n l y  moderate (Table 26). 

There were s i g n i f i c a n t  e f f e c t s  o f  r o t a t i o n  on wheat y i e l d s  w i t h  t h e  

b e s t  be ing recorded f o l l o w i n g  f a1  low o r  summer crop and t h e  wors t  

f o l l o w i n g  wheat o r  Medicago. T h i r t y  k i  lograms o f  n i t r o g e n  

s i g n i f i c a n t l y  increased y i e l d s ,  b u t  t h e r e  was no f u r t h e r  response t o  

l a r g e r  amounts. There was no i n t e r a c t i o n  between r o t a t i o n  and 

f e r t i l i z e r  n i t r o g e n  a p p l i c a t i o n .  The abso lu te  l e v e l s  o f  p roduc t i on  o f  

wheat f o l l o w i n g  ch ickpea and r a i n f e d  summer crop, and t h e  n i t r o g e n  

responses w i t h i n  these  r o t a t i o n s  can be u s e f u l l y  compared w i t h  those 

found i n  our  on-farm t r i a l s  (see s e c t i o n  3.3). 



Table 26 Y i e l d  o f  crops i n  bo th  phases o f  two course r o t a t i o n ,  T e l  
Hadya, 1985186. 

R o t a t i o n  G r a i n  y i e l d  ( t i h a )  

Phase 1 
- - - - - - - 
Wheat a f t e r  fa1  low 
Wheat a f t e r  summer crop 
Wheat a f t e r  l e n t i l  
Wheat a f t e r  ch ickpea 
Wheat a f t e r  vetch 
Wheat a f t e r  medicago 
Wheat a f t e r  wheat 

Mean 

S.E. 0.07 

Phase 2 

Summer crop (melon) a f t e r  wheat 
L e n t i l  a f t e r  wheat 
Chickpea a f t e r  wheat 
Wheat a f t e r  wheat 

Mean SE 
---- ---- 
2.57 
2.71 
2.04 
2.00 
2.13 
1.32 
1.38 

0.23 

2.04 t l h a  ( f .  wit. e d i b l e  f r u i t )  
1.27 (+ 2.75 t st raw)  
1.02 t / h a  
0.74 t / h a  

The forage legumes were grazed. Vetch gave t h e  equ i va len t  o f  

2180 sheep g raz ing  days lha between March 19 and June 15, a t  a s t o c k i n g  

r a t e  o f  26 p e r  hectare.  Graz ing o f  medicago was delayed t o  a1 low seed 

se t ;  i t  was then  stocked a t  7.5 sheep p e r  hec ta re  f r a n  May 14 t o  J u l y  9 

f o r  a t o t a l  of 415 sheep g raz ing  days/ha. 

The r e s u l t s  must be regarded as p r e l i m i n a r y  and uncer ta in .  The 

t r i a l  w i l l  need t o  con t inue  f o r  some t ime be fo re  f i r m  conc lus ions  can 

be  drawn. f n  t h e  i n t e r i m  i t  p rov ides  a venue f o r  t e s t i n g  new 

p r o d u c t i o n  methods under t h e  j o i n t  management o f  t h e  Farming Systems 



Program and t h e  commodity Programs o f  ICARDA. 

H. H a r r i s  

3.5 LABELLED WEA FERTILIZER EXPERIMENTS ON WHEAT 

3.5.1 I n t r o d u c t i o n  

The u s e  o f  n i t r o g e n  f e r t i l i z e r  on r a i n f e d  crops, p a r t i c u l a r l y  wheat, i s  

i n c r e a s i n g  throughout  t h e  reg ion.  Most o f  t h e  increase i n v o l v e s  urea. 

C u r r e n t l y ,  t h i s  m a t e r i a l  accounts f o r  about 40% o f  a l l  n i t r o g e n  

app l ied ,  and t h a t  p r o p o r t i o n  seems bound t o  r i s e  as new manufac tu r ing  

c a p a c i t y  comes i n t o  product  ion. Compared w i t h  o t h e r  n i t r o g e n  

f e r t i l i z e r s ,  urea i s  cheaper t o  make and, because o f  i t s  h i gh  n i t r o g e n  

con ten t ,  cheaper pe r  u n i t  o f  n i t r o g e n  t o  t r anspo r t .  It does, however, 

have two p o t e n t i a l  d isadvantages:  a p p l i e d  t o  t h e  seed bed, i t  may 

damage seedl ings;  and app l i ed  t o  t h e  s o i l  sur face,  i t  may l o s e  n i t r o g e n  

th rough t h e  v o l a t i l  i z a t i o n  o f  ammonia. Work e l  sewhere has i n d i c a t e d  

t h a t  such losses may be p a r t i c u l a r l y  l a r g e  f rom ca lcareous s o i l s .  

O the r  f ac to r s  i nvo l ved  i n c l u d e  s o i l  t e x t u r e ,  mo i s tu re  regime and 

temperature.  

3.5.2 Resu l t s  and D iscuss ion  

The mechanism o f  urea h y d r o l y s i s  and ammonia v o l a t i l i z a t i o n  was s tud ied  

i n  t h e  f i e l d  a t  T e l  Hadya and Breda. 1 5 ~ - l a b e l l e d  urea was app l i ed  t o  

t h e  su r f ace  o f  s o i l  i n  metal  c y l i n d e r s  sunk i n t o  t h e  ground w i t h i n  a  

c r o p  o f  wheat. There were f i v e  t imes  o f  a p p l i c a t i o n ,  each w e l l  



repl ica ted ,  spanning 15 days during February, the  usual time f o r  

top-dressi  ng wheat. Subsequent transformations of urea were monitored 

by sampling and analys ing whole cyl inders  a t  three-day i n t e r v a l s  (Fig. 

16) .  By the  f ina l  sampling, 18 days a f t e r  appl ica t ion,  hydrolysis  of 

urea was v i r t u a l l y  complete i n  a l l  b u t  the  l a s t  s e r i e s  of cyl inders ;  

and the  label led N was found e i t h e r  as ammonium, as n i t r a t e  (following 

microbial n i t r i f i c a t i o n )  o r  i n  organic form (immobilized i n  microbial 

t i s s u e ) .  

However, t h e  var ia t ion  i n  t h e  proportions of these  d i f f e r e n t  

forms of nitrogen, p a r t i c u l a r l y  a t  Tel Hadya, s trongly suggests t h a t  

t h e  r a t e  of urea hydrolysis  decreased over t h e  sequence of f i v e  

appl ica t ion times. Temperature d i f fe rences  may have been involved. 

Late February (1985) had an unusual number of severe night f r o s t s ,  and 

mean minimum temperatures a t  the  s o i l  surface decreased over t h e  

sequence; but a t  the same time, mean maximum temperatures a t  the 

surface  and mean da i ly  temperatures a t  10 cm depth increased. More 

probably, the  main f a c t o r  was moisture. I n i t i a l  s o i l  moisture content  

a t  t h e  surface and r a i n f a l l  during t h e  subsequent 18 days decreased 

over t h e  sequence, and t h e  f i n a l  batch of urea must have been confined 

near t o  the  surface of a drying p rof i l e .  Nevertheless, ni trogen losses 

from t h e  system showed no s i t e  d i f ference  or  time pattern.  They 

averaged 13.2% (3.4) a t  Tel Hadya and 14.8% (3.0) a t  Breda. 

Losses were no higher over a whole season. This was evident from 

f i e l d  t r i a l s  conducted a t  both s i t e s  i n  1983184 and 1984/85 t o  study 

t h e  e f f e c t s  of various r a t e s  of urea on y i e l d s  of wheat, ni trogen 



F i g u r e  16 N i t r o g e n  balance f o r  40 kg N/ha as urea  a p p l i e d  t o  
wheat a t  Te l  Hadya and Breda 
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recovery by wheat and t h e  r e s i d u a l  n i t r o g e n  i n  t h e  s o i l .  F i g u r e  17 

shows t h e  n i t r o g e n  balance f o r  40 kg N/ha topdressed as urea. Crop 

uptake depended s t r o n g l y  on seasonal r a i n f a l l ,  b u t  most o f  t h e  n i t r o g e n  

n o t  taken  up remained i n  t h e  s o i l  and would be l i k e l y  t o  remain 

a v a i l a b l e  t o  a  subsequent crop. Losses from t h e  s o i l - p l a n t  system 

amounted t o  on l y  ll-18%. 

It i s  w e l l  known t h a t  where s o i l  c o n d i t i o n s  f avou r  r a p i d  

v o l a t i l i z a t i o n  o f  ammonia, a  decrease i n  t h e  r a t e  o f  h y d r o l y s i s  o f  urea 

t o  ammonium can reduce losses. I n  such s i t u a t i o n s ,  t h e  use o f  urease 

i n h i b i t o r s  ( t o  slow h y d r o l y s i s )  o r  va r ious  coated, "s low-re lease"  forms 

o f  urea have been shown t o  be use fu l .  However, i n  t h e  p resen t  s tud ies  

no s i g n i f i c a n t  d i f f e r e n c e s  were found between s t r a i g h t  urea, urea + a  

urease i n h i b i t o r  (phenylphosphorodiamidate) and bran-wax-coated urea i n  

t h e  y i e l d  and N-uptake o f  a  wheat crop o r  i n  t h e  n i t r o g e n  losses f rom 

t h e  s o i l - p l a n t  system. 

A1 1  these f i n d i n g s  p o i n t  t o  a  l i t t l e  r i s k  o f  se r i ous  n i t r o g e n  

l o s s  from sur face-appl  i e d  urea, d e s p i t e  t h e  predominant ly  ca lcareous  

na tu re  o f  t h e  s o i l s .  T h i s  i s  p robab ly  because they  a l so  have l a r g e  

c l a y  con ten t  and c a t i o n  exchange capac i ty .  Soi  1  s  w i t h  such p r o p e r t i e s  

f avou r  t h e  r e t e n t i o n  o f  ammonium as exchangeable c a t i o n s  on t h e  c l a y  

p a r t i c l e s  and thereby  keep t h e  c o n c e n t r a t i o n  o f  ammonia i n  t h e  s o i l  

s o l u t i o n  a t  t h e  s o i l  surface a t  low l eve l s .  However, t h i s  r esu l ' t  needs 

t o  be seen i n  con tex t .  The coo l  s o i l  temperatures p r e v a i l i n g  i n  

February keep u rea  h y d r o l y s i s  r e l a t i v e l y  slow whatever t h e  mo i s tu re  

cond i t i ons .  T h i s  i s  f i n e  f o r  topdress ing  wheat. But i n  much warmer 
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cond i t i ons  under, say, a  summer crop, more r a p i d  h y d r o l y s i s  m igh t  

produce a  b u i l d - u p  o f  ammonium beyond t h e  adso rp t i ve  c a p a c i t y  o f  t h e  

c l a y  exchange s i t e s .  Moreover, n o t  a1 1  t h e  ca lcareous s o i l s  o f  t h e  

r e g i o n  a re  r i c h  i n  c lay.  S o i l s  of coarser  t e x t u r e  have an i n t r i n s i c a l l y  

lower  capac i t y  t o  adsorb ammonium. I n  bo th  s i t u a t i o n s ,  warmer ambient 

temperatures and sand ie r  s o i l s ,  and p a r t i c u l a r l y  when t h e  two occur 

t oge the r ,  t h e  r i s k  o f  se r ious  l o s s  o f  n i t r o g e n  may be cons ide rab l y  

g r e a t e r  than  t h a t  demonstrated here. 

M.A. Moneim, A. Mata r  

3.6 FOOD LEGWE ON-FARM TRIALS 

Improved P roduc t i on  P r a c t i c e s  - f o r  L e n t i l s  

3.6.1 I n t r o d u c t i o n  

I n  1985186, f a c t o r i a l  z4 t r i a l s  were sown i n  10 farmers '  f i e l d s  (2  

r e p s l l o c a t i o n )  i n  t h e  main l e n t i l  growing areas of  NW S y r i a  (Aleppo, 

I d l e b  and Hama prov inces,  zone 1 o r  2 )  and i n  Tel  Hadya research  

s t a t i o n  (zone 2). The o b j e c t i v e s  o f  t h i s  work were t o  assess t h e  main 

e f f e c t s  and i n t e r a c t i o n s  o f  da te  o f  sowing, s i t o n a  weev i l  c o n t r o l ,  

phosphate f e r t i l i z e r  and chemical weed c o n t r o l  on t h e  y i e l d s  and 

economics o f  l e n t i l  p roduc t i on  i n  farmers '  f i e l d s .  

3.6.2 Methodology 

S i x t e e n  t rea tment  combinat ions o f  da te  o f  sowing ( e a r l y  v. l a t e ) ,  

s i t o n a  weevi l  c o n t r o l  (+ - Carbofuran, 20 kg/ha app l i ed  a t  seeding), 



phosphate f e r t i l i z e r  (0, 50 k g l h a  P205) and weed c o n t r o l  (2 

pre-emergence he rb i c i de ,  0.5 k g  a i  cyenazynelha + 0.5 kg a i  

pronamide/ha, appl  i e d  j u s t  a f t e r  seeding) were tested.  Experiments 

were p lan ted  accord ing  t o  fa rmers '  t i l l a g e  and sowing methods: 

b roadcas t ing  seed and f e r t  il i z e r  (and a1 so Carbofuran) over  r i dged  

land, then  s p l i t t i n g  t h e  r i dges  t o  cover  t h e  seed. P l a n t s  and weeds 

p e r  u n i t  area, weed d ry  m a t t e r  p roduc t ion ,  1000 seed weight ,  t o t a l  d r y  

m a t t e r  and g r a i n  y i e l d  o f  l e n t i l s  were measured i n  a l l  p l o t s .  At one 

s i t e ,  l o c a l  people harvested t h e  exper imenta l  p l o t s  by mis take  and no 

y i e l d  measurements were taken. The analyses o f  responses o f  l e n t i l  

g r a i n  and straw y i e l d  t o  t h e  va r i ous  f a c t o r s  was t h e r e f o r e  conducted on 

t h e  pooled da ta  f rom 10 l oca t i ons .  I n  t h e  economic ana lys is ,  however, 

t h e  v a r i a b i  1  i ty o f  increased n e t  revenue de r i ved  f r a n  i n d i v i d u a l  

t rea tment  combinat ions was examined across l o c a t i o n s  t o  assess t h e  r i s k  

assoc ia ted  w i t h  each t rea tment  package. 

3.6.3 Results and Discussion 

As can be seen f r a n  Tab le  27, t h e r e  was a  s i g n i f i c a n t  i n t e r a c t i o n  

between t h e  e f f e c t  o f  da te  o f  sowing and h e r b i c i d e  a p p l i c a t i o n  f o r  bo th  

g r a i n  and s t raw y i e l d .  The d r y  s t a r t  t o  t h e  season delayed t h e  

germina t ion  o f  t h e  e a r l y  sown crop, and t h u s  reduced t h e  impact o f  

e a r l y  sowing t o  some ex ten t .  Never the less,  as observed i n  p rev ious  

years,  weed i n f e s t a t i o n s  were g r e a t e r  i n  t h e  e a r l y  sown p l o t s  s ince  t h e  

seed bed p i e p a r a t i o n  ope ra t i on  f o r  t h e  l a t e r  sowing k i l l e d  weeds which 

had a l ready  germi nated. The i n t e r a c t i o n  il l u s t r a t e s  t h a t  e a r l y  sowing 

r e s u l t e d  i n  g rea te r  increases i n  y i e l d  o f  g r a i n  (23%) and s t raw (14%) 



when h e r b i c i d e  was appl ied. It should be noted t h a t ,  averaged across 

t h e  o r i g i n a l  11 s i t e s ,  38% o f  t h e  weeds i n  t h e  weedy p l o t s  were grasses 

(ma in ly  Avena s t e r i l i s ,  P h a l a r i s  b rachys tach i s  and vo lun tee r  wheat), 

and 62% were broadleaves (ma in ly  S i  napis  a rvens is  and Euphorbia spp.). 

Table 27 The main e f f e c t s  and f i r s t  o rde r  i n t e r a c t i o n s  o f  d a t e  o f  
sowing, s i t o n a  weevi l  c o n t r o l ,  phosphate and h e r b i c i d e  on 
l e n t i l  p r o d u c t i o n  i n  M.l Syr i a ,  1985/86 (average o f  10  
1  oca t i ons )  

kg/ha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G r a i n  St raw 

Ma in  E f f e c t s  

Sowing ( S )  E a r l y  
L a t e  

S i t o n a  c o n t r o l  (SC) + 
- 

H e r b i c i d e  (H) 

I n t e r a c t i o n s  SE SL 

SE (CV%) 141 (15) 215 (11) 

LSD (Sowing date,  0.05) 154 kg/ha 195 kg/ha 

LSD (Si tona,  P205, He rb i c i de  0.05) 44 kg/ha 77 kg/ha 

LSD (Sowing da te  x H e r b i c i d e  0.05) 62 kg/ha 95 kg/ha 

* p<0.05 ** p<O.Ol 



S i tona  weev i l  c o n t r o l  had s u b s t a n t i a l  e f f e c t s  on bo th  g r a i n  and 

s t r aw  y i e l d  bu t  t h e  g r a i n  y i e l d  response t o  i n s e c t i c i d e  use was much 

l a r g e r  i n  t he  e a r l y  sowing than  t h e  l a t e  sowing (25 and 16% y i e l d  

inc rease  i n  g r a i n  and 17 and 13% inc rease  i n  s t raw by s i t o n a  c o n t r o l  i n  

e a r l y  and l a t e  sowing r e s p e c t i v e l y ) .  According t o  t h e  r e s u l t s  o f  

l e a f l e t  and nodule damage measurements done by FLIP s t a f f ,  i n  6  o u t  o f  

t h e  10 fa rmers '  f i e l d s ,  average l e a f l e t  and nodule damages w i t hou t  

s i t o n a  c o n t r o l  were 11 and 35% r e s p e c t i v e l y  bu t  f e l l  t o  3  and 9% w i t h  

t h e  appl i c a t i o n  of  i n s e c t i c i d e s .  Average nodule damage i n  e a r l y  sowing 

was more t han  i n  l a t e  sowing (27 and 16% r e s p e c t i v e l y ) .  T h i s  i s  

c o n s i s t e n t  w i t h  t h e  g r e a t e r  y i e l d  increases observed w i t h  e a r l y  sowing 

and s i t o n a  con t ro l .  

Phosphorus a l s o  increased g r a i n  and s t r aw  y i e l d  s i g n i f i c a n t l y ,  

i r r e s p e c t i v e  of  t h e  sowing dates (7 and 6% increase i n  g r a i n  and s t raw 

y i e l d  r e s p e c t i v e l y ) .  

P a r t i a l  budget and r i s k  analyses o f  t h e  l e n t i l  agronomy r e s u l t s  

a r e  presented next.  F o r  ease o f  d iscuss ion ,  each t rea tment  combinat ion 

i s  assigned a  t rea tment  number as i n d i c a t e d  i n  Fig.  18. Treatment 1 

( l a t e  sowing w i t h  no i n s e c t i c i d e ,  h e r b i c i d e  o r  f e r t i l i z e r  a p p l i c a t i o n s )  

was taken as t h e  bas is  f o r  cos t  and revenue comparisons. Assumptions 

on f a c t o r  cos ts ,  i n c l u d i n g  b o t h  m a t e r i a l  and a p p l i c a t i o n  cos ts ,  were 

t h e  same f o r  each o f  t h e  t e n  l o c a t i o n s :  SL 331/ha f o r  he rb i c i de ,  SL 

140/ha f o r  i n s e c t i c i d e ,  and SL 121/ha f o r  phosphate f e r t i l i z e r .  L e n t i l  

g r a i n  and straw y i e l d s  were valued a t  3.25 and 1.0 SL/kg, r e s p e c t i v e l y .  



F i g u r e  18 R i s k  a n a l y s i s  o f  l e n t i l  agronomy t r e a t m e n t s  a t  t e n  
l o c a t i o n s  i n  NW S y r i a  

Treatment Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
Sowing Oate: Ea r l y  (E), La te  ( L ) :  L E L E L E L E L  E L E L E L E 
Si  tona c o n t r o l  ( 0 )  ( )  O O + + O O + t O  0 + t 0 0 + + 
Herbic ide ( 0 )  ( 1 :  O O O O + + + + O  0 0 0 + + + + 
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Other  cos ts  o f  p roduc t i on  were ignored so t h a t  each t rea tment  

c o u l d  be assigned a  s tandard c o s t  across a l l  l o ca t i ons .  S ince  y i e l d s  

va r i ed  across l o c a t i o n s ,  t h e  s tandard cos ts  were sub t rac ted  f r om t h e  

r e s p e c t i v e  values o f  y i e l d s  a t  each l oca t i on .  " Inc reases  i n  ne t  

r e t u r n s "  were de r i ved  by f u r t h e r  s u b t r a c t i n g  t h e  value of  y i e l d s  o f  

t r ea tmen t  No. 1 a t  each l oca t i on .  

Except  f o r  t rea tment  No. 2, a l l  t rea tments  w i t h  e a r l y  sowing 

dan ina ted  t h e  canparable l a t e  sowing t rea tments  i n  terms o f  h i g h e r  

average increases i n  ne t  revenues f o r  t h e  same increase i n  costs .  The 

poor  performance o f  e a r l y  sowing, w i t h o u t  weed and i n s e c t  c o n t r o l ,  i s  

c o n s i s t e n t  w i t h  r e s u l t s  o f  on-farm t r i a l s  conducted i n  f o u r  p rev ious  

seasons (ICARDA, 1983, pp. 170-1 72). 

C o n s i s t e n t l y  p o s i t i v e  e f f e c t s  on ne t  revenues, across t h e  t e n  

l o c a t i o n s ,  were found i n  on l y  t h r e e  t rea tments  (8, 12 and 16),  w h i l e  

a l l  o t h e r  t rea tments  gave negat i ve  r e s u l t s  a t  some l o c a t i o n s .  Wi th  

t r ea tmen t  No. 1 as t h e  o r i g i n  i n  Fig.  18, t h e  average and s tandard 

d e v i a t i o n  o f  increases i n  ne t  revenues, a r e  p l o t t e d  f o r  t h e  o t h e r  

f i f t e e n  t reatments .  

Treatments  8, 12 and 16 were f u r t h e r  d i s t i n g u i s h e d  as g i v i n g  t h e  

h i g h e s t  average increases i n  ne t  revenues, and g i v i n g  averages g r e a t e r  

t h a n  t h e i r  r espec t i ve  s tandard dev ia t i ons ;  a1 1 o t h e r  t rea tments  f a i l e d  

t h i s  t e s t .  

E a r l y  sowing and s i t o n a  c o n t r o l  were common t o  t h e  t o p  t h r e e  

t rea tments ;  t rea tments  8 and 16 a l s o  inc luded  t h e  use o f  h e r b i c i d e s  and 



gave except iona l ly  h i g h  average increases i n  net  revenues (see Fig. 

18). The most i n t e r e s t i n g  r e s u l t  was t h a t  treatment 16 a l so  had t h e  

1 owest v a r i a t i o n  across 1 ocat ions, as measured by t h e  standard 

d e v i a t i o n  o f  increases i n  ne t  revenues among a1 1 f i f t e e n  treatments. 

The h igh v a r i a t i o n  i n  r e s u l t s  across locat ions  i s  an i n d i c a t i o n  

t h a t  fu ture  recommendations must inc lude ca re fu l  d e f i n i t i o n s  o f  t h e  

recommendation domains ( so i  1, c l i m a t e  and o ther  cond i t ions)  under which 

they can be expected t o  hold t rue .  Caution i s  a lso  needed f o r  

i n t e r p r e t a t i o n  of r e s u l t s  such as these from a s i n g l e  season o f  on-farm 

t r i a l s .  E a r l i e r  experiences i n  t r i a l s  w i t h  ra infed l e n t i l s  (see ICARDA 

1 oc. c i t . )  have demonstrated la rge  year-to-year va r ia t i ons  i n  a d d i t i o n  -- 
t o  those due t o  l o c a t i o n  d i f ferences.  

Improved Product ion P rac t i ces  - f o r  Chickpeas 

3.6.4 I n t r o d u c t i o n  

I n  1985/86, f a c t o r i a l  Z4 t r l a l s  were sown i n  10 farmers'  f i e l d s  (2 

reps / locat ion)  i n  t h e  main chickpea growing areas of NW Sy r ia  (Aleppo, 

I d l e b  and Hama provinces, zone 1 )  and i n  Tel Hadya research s t a t i o n  

(zone 2 ) .  t he  ob jec t i ves  o f  t h i s  work were t o  assess t h e  main e f f e c t s  

and i n t e r a c t i o n s  o f  da te  o f  sowing, Rhizobium i n o c u l a t i ~ n ,  phosphate 

f e r t i l i z e r  and chemical weed c o n t r o l  on t h e  y i e l d  and economics o f  

chickpea product ion i n  farmers'  f i e l d s .  



3.6.5 Methodology 

Six teen treatment combinations, o f  date o f  sowing (w in ter  v. spr ing) ,  

Rhizobium i n o c u l a t i o n  (+), - phosphate f e r t i l i z e r  (0, 50 kg/ha P205), and 

weed c o n t r o l  (+ - pre-emergence herb ic ide ,  t e rbu t ryne  + pronamide, 2.5 kg  

a i /ha  + 0.5 kg  a i /ha  appl ied j u s t  a f t e r  seeding) were tested. 

Experiments were p lanted according t o  farmers'  t i l l a g e  and sowing 

methods which i s  broadcast ing seed and f e r t i l i z e r  over r idged land and 

s p l i t t i n g  the r idges t o  cover them. Plants per  u n i t  area, weed number 

and d r y  mat ter  product ion, 1000 seed weight, t o t a l  dry ma t te r  and g r a i n  

y i e l d  o f  chickpea were measured i n  a l l  p lo t s .  A t  th ree o f  t h e  eleven 

s i t e s ,  l o c a l  people harvested t h e  t r i a l  p l o t s  by mistake and no y i e l d  

measurements f o r  these were used. The present ana lys is  i s  based on 

r e s u l t s  frcm e i g h t  s i t es .  

3.6.6 Resul ts  and Di scussion 

The r e s u l t s  of g r a i n  y i e l d  on ly  ( t h e r e  i s  l i t t l e  economic value i n  

chickpea straw) are presented i n  Table 28 f o r  the pooled data set from 

t h e  e i g h t  locat ions.  As w i t h  the  l e n t i l  on-farm t r i a l s ,  t h e  economic 

analyses o f  these t r i a l s  focussed on the  v a r i a b i l i t y  o f  t h e  increase i n  

n e t  revenue der ived from the  var ious treatments combinations f o r  

i n d i v i d u a l  s i t e s  t o  assess the  r i s k  associated w i t h  each treatment 

package. 



Table 28 The main e f f e c t s  and f i r s t  order i n t e r a c t i o n s  o f  da te  o f  
sowing, herbic ide,  phosphate and inoculum on the  g r a i n  y i e l d  
of chickpea i n  NW Syr ia,  1985186 (average o f  8 locat ions)  

Gra in  y i e l d  (kg/ha) 

Main. E f f e c t s  - 
Sowing (S) Winter  

Spr ing  

Herbic ide (H ) t - 
Phosphate (P) + - 

Inoculum ( I )  + - 

F i r s t  Order I n t e r a c t i o n s  H t  H- -- 

LSD (Sowing date 0.05) 387 kglha 

LSD (Herbicide, P205, Inoculum 0.05) 67 kg/ha 

LSD (S x H, I x H, P x H 0.05) 94 kglha 

The response t o  w i n t e r  sowing was f a r  l ess  i n  t h i s  se t  o f  on-farm 

t r i a l s  than has been p rev ious l y  observed ( f o r  example see Hawtin and 



Singh, 1982). Two probable reasons were noted. F i r s t l y ,  a t  a l l  

l o c a t i o n s ,  t h e  w i n t e r  sown p l o t s  were more severe ly  damaged by an 

a t t a c k  o f  H e l i o t h i s  t han  t h e  s p r i n g  sown crop,  i n  s p i t e  o f  be ing 

sprayed w i t h  i n s e c t i c i d e .  Secondly, i t  was noted t h a t  t h e  h e r b i c i d e  

caused some damage t o  w i n t e r  sown chickpea r e s u l t i n g  i n  an average 

2  decrease i n  p l a n t  p o p u l a t i o n  f rom 32 t o  28 p l a n t s l m  . It was suspected 

t h a t  t h i s  was assoc ia ted  w i t h  t h e  v a r i a b l e  p l a n t i n g  depth achieved by 

t h e  farmers '  method o f  broadcast ing,  w i t h  sha l lower  seeds b e i n g  more 

s u s c e p t i b l e  t o  h e r b i c i d e  damage d u r i n g  c o l d  weather. T h i s  aspect o f  

w i n t e r  sowing o f  chickpea w i l l  be i n v e s t i g a t e d  i n  f u t u r e  t r i a l s .  

The e f f e c t s  o f  sowing date,  phosphate a p p l i c a t i o n  and inoculum 

a l l  had s i g n i f i c a n t  i n t e r a c t i o n s  w i t h  h e r b i c i d e  a p p l i c a t i o n .  Weed 

i n f e s t a t i o n s  were worse i n  w i n t e r  sown chickpea (1174 vs. 274 kg lha  d r y  

m a t t e r  across a1 1  l o c a t i o n s )  and t h u s  h e r b i c i d e  had a  g r e a t e r  e f f e c t  i n  

w i  n t e r  sown c rops  which achieved t h e i r  g rea tes t  advantage on1 y  when 

weeds were c o n t r o l  led. 

I n  con t ras t ,  t h e  e f f e c t  o f  phosphate f e r t i l i z e r  and inoculum was 

g r e a t e s t  i n  t h e  absence o f  weed c o n t r o l ,  presumably due t o  p r e f e r e n t i a l  

s t i m u l a t i o n  o f  chickpea growth a l l o w i n g  b e t t e r  compe t i t i on  w i t h  weeds. 

S i g n i f i c a n t  second o rde r  i n t e r a c t i o n  ( n o t  g iven  i n  Table 28) 

i n d i c a t e d  t h a t  phosphorus was espec ia l  l y  e f f e c t i v e  i n  w i n t e r  sown 

ch ickpea w i t hou t  h e r b i c i d e  where i t  gave a  30% y i e l d  increase. Another 

second o rde r  i n t e r a c t i o n  i n d i c a t e d  t h a t  i nocu l  um was most e f f e c t i v e  i n  

t h e  absence o f  b o t h  phosphate and h e r b i c i d e  use. 



Par t ia l  budget and r i sk  analyses of the  chickpea agronomy r e s u l t s  

a r e  presented here. Again, each treatment combination i s  assigned a 

treatment number a s  indicated in Fig. 19. Treatment No. 1 (spring 

sowi ng , with no i nocul urn, herbicide or  f e r t i  1 i z e r )  was taken as t h e  

bas i s  f o r  cos t  and net  revenue comparisons. Assumptions on f a c t o r s  

c o s t s ,  including both material and appl ica t ions  cos t s ,  were the  same 

f o r  each of the  e ight  locations:  SL 90/ha f o r  inoculum, SL 563lha f o r  

herbicide,  and SL 121/ha f o r  phosphate f e r t i l i z e r .  Chickpea seed was 

assumed t o  have a s a l e s  p r i ce  of SL 5.5/kg, while straw production was 

ignored due t o  i t s  low value. 

Other cos t s  of production were ignored so tha t  each treatment 

could be assigned a standard cos t  across a1 1 locations. Since y i e l d s  

varied across locat ions ,  the  standard c o s t s  were subtracted from t h e  

respect ive  values of y ie lds  a t  each location.  "Increases in net 

revenues" were derived by f u r t h e r  subtrac t ing the  value of y i e l d s  of 

treatment No. 1 a t  each location.  

With treatment No. 1 a s  t h e  o r ig in  in Fig. 19, the  average and 

standard deviation of increases i n  net revenues are  plot ted f o r  t h e  

o the r  f i  f teen treatments. 

Except f o r  treatment No. 2 ,  a1 1 treatments with winter sowing 

(even treatment numbers) d m i n a t e  the  comparable spring sown treatments 

i n  t e n s  of giving higher average increases  in  net revenue f o r  t h e  same 

increase in cos t s ;  t h e  lowest average increase of the  winter sown 

treatments (No. 4 )  was greater  than t h a t  of the  highest  average 



F i g u r e  19 R i s k  a n a l y s i s  o f  c h i c k p e a  agronomy t r e a t m e n t s  a t  e i g h t  
l o c a t i o n s  i n  NW S y r i a  

Treatment  Number: 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
Sowing 0a te :W in te r  (W), S p r i n g  ( 5 ) :  S W 5 W S W SW S W S W S W 5 W 
Rh izob ium I n o c u l a t i o n  ( 0 )  ( + )  : 0 0 + + 0 0 + + 0  0  + + 0  0  + + 
Pre-emergence h e r b i c i d e  ( 0 )  ( + ) :  0  0  0  0 + + + + 0  0  0  0  + + + + 
Phosphate f e r t i l i z e r  ( 0 )  ( + ) :  0  0  0 0  0  0  0 0  + t + + + + + + 
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S tanda rd  d e v i a t i o n  o f  i nc reases  i n  n e t  revenue 



i nc rease  among t h e  sp r i ng  sown t rea tments  (No. 15).  

However, t h e  average increases i n  ne t  revenues need t o  be 

cons idered i n  l i g h t  o f  t h e  v a r i a t i o n s  f rom l o c a t i o n  t o  l o c a t i o n .  W i th  

t h e  excep t ion  o f  t rea tment  No. 3, t h e  s tandard d e v i a t i o n s  o f  inc reases  

i n  n e t  revenues were g r e a t e r  t h a n  t h e  average increase,  and it i s  

no tab le  t h a t  v a r i a t i o n s  among t h e  w i n t e r  sown t rea tments  were 

e s p e c i a l l y  g rea t .  These r e s u l t s  do no t  i n  any way suggest t h a t  w i n t e r  

sowing of ch ickpea w i l l  no t  be a t t r a c t i v e  t o  many farmers. Fo r  

ins tance ,  i n  t rea tment  6 ( w i n t e r  sowing p l u s  he rb i c i de )  across f i v e  o f  

t h e  e i g h t  l oca t i ons ,  increased n e t  revenues ove r  t rea tment  1 ( s p r i n g  

sowing w i t h  no h e r b i c i d e )  ranged f rom 2202-8355 SL/ha and averaged 4439 

SL/ha. However, a t  t h e  remain ing t h r e e  l o c a t i o n s ,  inc reases  i n  ne t  

revenue ranged f r a n  minus 575 t o  p l u s  1075 SL/ha only. T h i s  i s  a  

s t r ong  i n d i c a t i o n  t h a t  f u t u r e  recommendations must i n c l u d e  c a r e f u l  

d e f i n i t i o n s  o f  t h e  recommendation domains ( s o i  1  , c l i m a t e  and o t h e r  

c o n d i t i o n s )  under which they  a re  expected t o  h o l d  t r ue .  I n  t h e  p resen t  

a n a l y s i s  heterogenious l o c a t i o n s  have been pooled w i t h  mixed r e s u l t s  

and no un i f o rm  recommendation t o  farmers cou ld  be based on t h i s .  

M. Pa la  and T. Nordblom 
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IMT ERSYSTMS RESEARCH 

4.1 IWRODUCTION 

Al though we recognize c o n t r a s t i n g  farming systems w i t h i n  ou r  reg ion ,  

which i n  most cases r e q u i r e  s p e c i f i c  research p r o j e c t s ,  we a l s o  

recogn ize  t h a t  many impor tan t  research  t o p i c s  have spec i  a1 re levance  

across a l l  farming systems i n  our region. Such research i s  r epo r ted  i n  

our  In te rsys tems Research P r o j e c t  which has t h e  f o l l o w i n g  goa ls  and 

o b j e c t i v e s :  

O b j e c t i v e s  

To cha rac te r i ze  t h e  e f f e c t  o f  t h e  n a t u r a l  v a r i a b i l i t y  i n  c l ima te ,  s o i l s  

and socio-economic c o n d i t i o n s  on major a g r i c u l t u r a l  i s sues  o f  

importance t o  a l l  farming systems o f  t h e  reg ion.  Such understanding 

w i l l  a s s i s t  i n  t h e  e x t r a p o l a t i o n  o f  l o c a t i o n / y e a r  s p e c i f i c  research 

r e s u l t s  across t ime  and space. 

Long-Term Goals 

a )  To develop agroeco log ica l  c h a r a c t e r i z a t i o n ,  c l a s s i f i c a t i o n  and 

mapping methodologies t o  a s s i s t  p l a n t  breeders and c rop  

agronomists  i n  t h e  r a t i o n a l i z a t i o n ,  adop t ion  and e x t r a p o l a t i o n  o f  

research s t r a t e g i e s  and r e s u l t s .  

b )  To s tudy  socio-economic f a c t o r s  ( p a r t i c u l a r l y  l a b o r  i s sues  and 

c r o p / l i v e s t o c k  i n t e r a c t i o n s )  a t  t h e  whole farm l e v e l  which a re  

l i k e l y  t o  a f f e c t  t h e  adop t ion  and impact of new technology. 

c )  To improve t h e  economic e f f i c i e n c y  o f  f e r t i l i z e r  use ( n i t r o g e n  

and phosphorus) on annual sown crops th rough g r e a t e r  



understanding o f  s o i l / c l i m a t e  i n t e r a c t i o n s  and cons idera t ion  of 

macrcbeconanic aspects o f  f e r t i l  i z e r  a1 locat ion .  

d )  To improve t h e  water use e f f i c i e n c y  and econanic r e t u r n  o f  small 

scale supplementary i r r i g a t i o n  schemes prac t ised i n  predominantly 

ra in fed  farming systems. 

T h i s  year  we are r e p o r t i n g  research d i rec ted  towards a1 1 f o u r  o f  

our long-term goals. The impetus o f  our agroecological zonation work 

gained considerable momentum t h i s  year  as a r e s u l t  uf t h e  Inter-Centers 

Workshop held i n  Rome (see sec t ion  5.4), and organized by FSP s t a f f  on 

beha l f  o f  other  CGIAR Centers. As one consequence, ICARDA was i n v i t e d  

t o  send an observer t o  a meeting o f  t h e  Committee f o r  A g r i c u l t u r a l  

Meteorology o f  WMO, where i t  was decided t o  recommend t o  t h e  WMO 

Congress a c lose r  c o l l a b o r a t i o n  dur ing  the  next ten-year per iod  between 

t h e  meteorological community and t h e  In te rna t iona l  A g r i c u l t u r a l  

Research Centers. 

T h i s  i s  t o  be achieved through j o i n t  i n t e r d i s c i p l i n a r y  research 

and t h e  p rov i s ion  o f  agrometeorological in fo rmat ion  and knowledge o f  

p r a c t i c a l  techniques. 

A g r i c u l t u r a l  l abo r  issues are  o f  g reat  importance i n  our region, 

especial  ly when s tud ied i n  terms o f  innovat ive  technology. Labor 

requirement pa t te rns  can be r a d i c a l l y  changed by the  i n t r o d u c t i o n  o f  

some technolegies (such as mechanization o f  farm operat ions) ,  bu t  can 

a lso provide cons t ra in ts  t o  o the r  techniques which requ i re  a greater ,  

o r  a d i f f e r e n t  t i m i n g  o f  l abo r  input .  Labor issues are the re fo re  



c l o s e l y  assoc ia ted t o  bo th  t h e  p o t e n t i a l  adopt ion r a t e s  o f  new 

techno logy  and i t s  impact. T h i s  work a l so  gained momentum t h i s  y e a r  

w i t h  t h e  i n i t i a t i o n  o f  a  s p e c i a l l y  funded p r o j e c t  on " A g r i c u l t u r a l  

Labor  and Technology Change". 

The adopt ion  o f  f e r t i l i z e r  use throughout  t h e  reg ion  has been 

widespread and rap id ,  and i s  l i k e l y  t o  increase. However, resources,  

b o t h  a t  t h e  Na t i ona l  and farm l e v e l ,  a re  l i m i t e d ,  and research i s  

r e q u i r e d  t o  improve t h e  e f f i c i e n c y  o f  f e r t i l i z e r  recommendations and 

use. T h i s  yea r  we i l l u s t r a t e  how t h e  c a l i b r a t i o n  o f  s o i l  t e s t s  w i t h  

c rop  responses t o  f e r t i l  i z e r  can a s s i s t  i n  improv ing f e r t i l  i z e r  

recommendations. We a l s o  j o i n t l y  organized w i t h  MIAC a  r e g i o n a l  

workshop on S o i l  Tes t  Ca1 i b r a t i o n ,  and severa l  c o u n t r i e s  (Turkey, 

Sy r i a ,  Jordan, Morocco) a r e  conduc t ing  coopera t i ve  work w i t h  us t h i s  

y e a r  (see s e c t i o n  5.4). 

Supplemental i r r i g a t i o n  o f  w i n t e r  sown c e r e a l s  and food  legumes 

i s  becoming i n c r e a s i n g l y  common i n  t h e  r a i n f e d  farming systems o f  t h e  

reg ion .  The r e s u l t i n g  s t a b i l i z a t i o n  and increase i n  y i e l d s  a r e  

e c o n a n i c a l l y  ve ry  a t t r a c t i v e ,  and y e t  i n  many ins tances  farmers have 

access t o  on ly  a  l i m i t e d  supply  o f  wa te r  f o r  t h i s  purpose. Op t im i z i ng  

t h e  e f f i c i e n c y  o f  use o f  t h i s  scarce resource i s  t h e  p r i n c i p a l  goal  o f  

o u r  research, and t h i s  y e a r  we r e p o r t  t h e  r e s u l t s  o f  our  f i r s t  y e a r ' s  

o n - s t a t i o n  and on-farm research conducted i n  coopera t ion  w i t h  t h e  

S y r i a n  M i n i s t r y  o f  A g r i c u l t u r e  and Ag ra r i an  Reform. 



4.2 SPATIAL CLIMATE MODELING: OBJECTIVES AND METHODS 

The m e r i t s  o f  mathematical models i n  genera t ing  s t o c h a s t i c  d a i l y  

r a i n f a l l  s e r i e s  f o r  t h e  a n a l y s i s  o f  r a i n f a l l  regimes have been 

d iscussed p r e v i o u s l y  (ICARDA, 1984, pp 60-65), However, bes ides 

p r o v i d i n g  an e l e g a n t  method t o  determine t h e  probabi 1  i t i e s  o f  

occurrence o f  va r i ous  r a i n f a l l  events, (e.g. droughts,  germina t ing  

r a i n s ) ,  t h e  use fu lness  o f  such models i s  l i m i t e d ,  s i nce  t o  determine 

t h e  model parameters, a  l ong  r a i n f a l l  s e r i e s  o f  a t  l e a s t  20 t o  25 

yea rs '  l e n g t h  i s  needed- (Richardson and Wr ight ,  1984). If a  s e r i e s  o f  

t h i s  l e n g t h  i s  a v a i l a b l e ,  many o f  these  p r o b a b i l i t i e s  can, however, b e  

determined d i r e c t l y  us ing  s imple e m p i r i c a l  methods. The same i s  t r u e  

f o r  weather generators,  more complex c l i m a t e  models which i n  a d d i t i o n  

t o  r a i n f a l l  a l s o  i n c o r p o r a t e  d a i l y  minimum and maximum temperatures, 

s o l a r  r a d i a t i o n ,  and i n  some cases, p o t e n t i a l  evapo t ransp i ra t i on .  

The usefu lness o f  such c l i m a t e  models, which a re  reviewed b y  

Hutch inson (1986), i s  d r a m a t i c a l l y  increased,  i f  they can be expanded 

t o  i n c l u d e  t h e  s p a t i a l  aspects o f  c l i m a t i c  v a r i a b i l i t y .  I n  such 

ins tances ,  i t becomes p o s s i b l e  t o  generate s t o c h a s t i c  d a i l y  weather 

s e r i e s  f o r  s i t e s  f o r  which no measured weather s e r i e s  of adequate 

l e n g t h  a re  a v a i l  able.  Many s i t e s  where a g r i c u l t u r a l  research  i s  

conducted a r e  o f  t h i s  k i n d  and T e l  Hadya i s  a  good example. Such a  

s p a t i a l  c l i m a t e  model permi ts  t h e  q u a n t i f i c a t i o n  ( i n  terms o f  

p r o b a b i l  i t i e s )  o f  env i  ronmental s t r esses  t o  which crops a r e  exposed a t  

such s i t e s ,  and would t h u s  f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  o f  t r i a l  



r e s u l t s  and o f  agronomy experiments conducted over  r e l a t i v e l y  few 

years .  Even more impor tan t ,  b y  gene ra t i ng  weather s e r i e s  f o r  a  g rea t  

number o f  l oca t i ons ,  a  s p a t i a l  c l i m a t e  model cou ld  be used t o  determine 

and map t h e  recommendation domains o f  s p e c i f i c  c rop  v a r i e t i e s  and o f  

agronomic p r a c t i c e s ,  as long as t h e  r e l a t i o n s h i p s  between c rop  

performance and c l i m a t e  a re  e s t a b l i s h e d  q u a n t i t a t i v e l y  as f u n c t i o n s  o f  

gene t i c  make-up, management p r a c t i c e s ,  and o t h e r  environmental  f a c t o r s  

w i t h  known s p a t i a l  d i s t r i b u t i o n s ,  such as s o i l s .  I n  a d d i t i o n ,  such 

maps would r e f l e c t  t h e  c l i m a t i c  s u i t a b i l i t y  o f  land f o r  d i f f e r e n t  

genotypes and agronomic p rac t i ces .  

An ope ra t i ona l  s p a t i a l  c l i m a t e  model could,  f o r  these reasons, 

make a  s u b s t a n t i a l  c o n t r i b u t i o n  towards i n c r e a s i n g  t h e  e f f i c i e n c y  o f  

research w i t h i n  t h e  reg ion.  A f i r s t  s tep  towards develop ing such a  

model was t h e  genera t ion  o f  a  long- term s t o c h a s t i c  r a i n f a l l  r eco rd  f o r  

Te l  Hadya f rom parameters obta ined through 1  i near i n t e r p o l  a t  i o n  between 

those  o f  Aleppo and Saraqeb meteoro log ica l  s t a t i o n s  (Dennett, Rodgers, 

and Keat inge, 1983). 

A  number o f  genuine s p a t i a l  c l i m a t e  models have been developed 

elsewhere i n  recen t  years  ( b r i e f  reviews i n  Hutchinson, -- loc.  c i t . ;  Coe 

and Stern,  1986). They have i n  common t h a t  they  a l l  employ o b j e c t i v e  

s p a t i a l  i n t e r p o l a t i o n  methods, most f r e q u e n t l y  sp l  i n e  methods o r  

K r i g i n g ,  t o  de te rmine  parameter values f o r  l o c a t i o n s  between 

meteor01 og i ca l  s t a t i o n s .  T h i s  makes them u n s u i t a b l e  f o r  reg ions  where 

t h e  network o f  me teo ro log ia l  s t a t i o n s  i s  no t  dense enough t o  cap tu re  

a1 1  l o c a l  v a r i a t i o n s  o f  every parameter invo lved.  Un fo r t una te l y ,  t h i s  



app l ies  t o  most of t h e  geographical reg ion i n  which ICARDA i s  

conducting research. I n  t h i s  respect,  model parameters desc r ib ing  

r a i n f a l l  are most sens i t i ve .  I n  a  t y p i c a l  example taken from East 

A f r i c a ,  van der  Laan (1986) has demonstrated t h a t  many o f  t he  l o c a l  

gradients of r a i  n f a l  1  are  missed by s t ra igh t fo rward  i n t e r p o l a t i o n  

methods. S i m i l a r l y ,  because o f  t h e  c lose re1 a t i onsh ip  between mean 

temperatures and a l t i t u d e ,  the  same problems a lso  e x i s t  f o r  t h e  

parameters descr ib ing  these var iables.  However, s t a t i o n  networks are 

general l y  dense enough t o  a1 low t h e  a p p l i c a t i o n  o f  mathematical 

i nte rpo la t i on  methods f o r  parameters descr ib ing  d a i l y  and seasonal 

f l u c t u a t i o n s  o f  temperatures, s o l a r  rad ia t i on ,  and t h e  

c ross-cor re la t ions  between t h e  d i f f e r e n t  c l ima te  var iab les  (Richardson 

and Wright, loc. c i t . ) .  

Because o f  these problems w i t h i n  the  reg ion ICARDA serves, we are  

assembling our own vers ion o f  a  s p a t i a l  c l i m a t e  model t a k i n g  i n t o  

account t h e  l i m i t e d  ava i l ab i  1  i ty o f  meteorological  data i n  t h e  region. 

The model, vh ich i s  i n  an advanced stage o f  development, makes use o f  

publ ished methods whenever appropr iate,  adding new procedures where 

deemed necessary. 

The model (c f .  Fig. 20) generates d a i l y  r a i n f a l l ,  maximum and 

minimum temperatures, and s o l a r  r a d i a t i o n .  As inputs,  i t  requ i res  

d a i l y  data of these var iab les  from a  r e l a t i v e l y  wide-spaced network o f  

meteorological s t a t i o n s  (approximately 1 s t a t i o n  per  1000 kmL seems 

s u f f i c i e n t ) .  I f  r a d i a t i o n  data are  not  ava i lab le ,  they are est imated 

from pan evaporation, w i  ndrun and temperatures. The d a i l y  da ta  have t o  
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Figure 20 Elements o f  the spatial climate model 
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be supplemented by month ly  d a t a  on r a i n f a l l  t o t a l s  and numbers o f  r a i n y  

days f rom as many a d d i t i o n a l  ra ingauges as poss ib le .  The da ta  f rom 

each s t a t i o n  have t o  cover  t h e  same standard p e r i o d  o f  a t  l e a s t  twenty  

years  i n  o rde r  t o  avo id  d i s t o r t i o n s  caused by records d i f f e r i n g  i n  

l e n g t h  and cover ing  d i f f e r e n t  per iods.  C o r r e c t i o n  f a c t o r s  have t o  be 

app l i ed  t o  a l l  parameters de r i ved  f o r  those s t a t i o n s  and raingauges 

whose records do n o t  cover  t h e  e n t i r e  standard per iod.  The bas i c  

techniques f o r  these  adjustments a re  descr ibed  by Thom (1966). 

A f t e r  a q u a l i t y  t e s t  and t h e  e l i m i n a t i o n  o f  doubt fu l  da ta  and 

out1 i e r s ,  t h e  model parameters a r e  determined f o r  each s t a t i o n  f rom i t s  

d a i l y  record. The method f o l l owed  i s  c l o s e l y  r e l a t e d  t o  t h a t  o f  t h e  

WGEN weather generator  (Richardson and Wr ight ,  -- l o c .  c i t . ) .  The va lues 

of t h e  parameters vary  f r a n  month t o  month b u t  a re  kep t  cons tan t  d u r i n g  

each month. But i n  c o n t r a s t  t o  WGEN, h i g h e r  o rde r  (1 112 o r  2 )  Markov 

c h a i n  approaches a re  used t o  model t h e  occurrence o f  wet days, s i n c e  

f i r s t  o rde r  Markov cha in  models have been found i n s u f f i c i e n t  f o r  some 

s u b t r o p i c a l  and t r o p i c a l  c l i m a t e  t ypes  (Stern,  Dennett, and Dale, 1982; 

Dennett ,  Rodgers, and Keat inge, -- 1oc. c i t . ) .  The i n t r o d u c t i o n  o f  

a d d i t i o n a l  parameters t o  desc r i be  t h e  pe rs i s tence  o f  t y p i c a l  seasonal 

weather s i t u a t i o n s  i s  be ing s tud ied.  It i s  thought  t h a t  such 

parameters could improve t h e  model ing o f  t h e  t a i  1s o f  t h e  d i f t r i b u t i o n s  

o f  wet and d ry  s p e l l  lengths.  

The next s tep c o n s i s t s  o f  t h e  c o n s t r u c t i o n  o f  maps o f  means and 

d e s c r i p t o r s  o f  d i s p e r s i o n  of month ly  r a i n f a l l  and numbers o f  r a i n y  

days, making use o f  d a t a  f rom a l l  r a i n f a l l  measuring s t a t i o n s  i n  t h e  



area covered by t h e  s p a t i a l  model, and o f  a1 1  a v a i l a b l e  knowledge about 

t h e  i n f l u e n c e  o f  topography on t h e  s p a t i a l  d i s t r i b u t i o n  o f  r a i n f a l l  

(Weischet, 1980). S a t e l l i t e  imagery can be h e l p f u l  t o  i d e n t i f y  o r  

v e r i f y  suspected g rad ien t s  no t  expressed i n  t h e  s t a t i o n  da ta  (van de r  

Laan, -- loc.  c i t . ) .  The model parameters d e s c r i b i n g  r a i n f a l l  can then  be 

r e l a t e d  t o  t h e  mapped month ly  r a i n f a l l  d e s c r i p t o r s  w i t h  t h e  h e l p  o f  

r eg ress ion  techniques. 

I t  i s  w i d e l y  recognized t h a t  mean maximum and, though l e s s  so, 

mean minimum temperatures a r e  c l o s e l y  r e l a t e d  t o  a l t i t u d e  ( f o r  

ins tance ,  Goebel and Odenyo, 1984). The corresponding model parameters 

f o r  l o c a t  ions  o t h e r  t h a n  meteoro log ica l  s t a t i o n s  can, there fo re ,  be  

d e r i v e d  by reg ress ion  d i r e c t l y  f rom topograph ic  data. Co r rec t i ons  f o r  

e x p o s i t i o n  and f o r  l i k e l i h o o d  o f  temperature i n v e r s i o n s  may be 

d e s i r a b l e ,  b u t  d i f f i c u l t  t o  achieve. 

A  t h i r d  group o f  model parameters, d e s c r i b i n g  temperature 

f l  uc tua t i ons ,  s o l a r  r a d i a t i o n ,  and t h e  c r o s s - c o r r e l a t i o n s  between t h e  

d i f f e r e n t  c l i m a t e  va r i ab les ,  e x h i b i t s  a  much lower degree o f  

v a r i a b i l i t y  over  s h o r t  d is tances .  These parameters a r e  i n t e r p o l a t e d  

between s t a t i o n s  e i t h e r  by K r i g i n g  ( D e l f i n e r  and Delhomme, 1975) o r  

th rough  t h e  use o f  Lap lac ian  smoothing s p l i n e s  (Hutchinson and B ischo f ,  

1983 ). 

The s p a t i a l  c l i m a t e  model w i l l  be v a l i d a t e d  w i t h  an ex tens ive  se t  

o f  me teo ro log i ca l  data from no r the rn  Syr ia ,  which has been supp l i ed  by 

t h e  Meteoro log ica l  Department, M i n i s t r y  o f  Defence o f  t h e  S y r i a n  Arab 



Republ ic ,  b e f o r e  i t  i s  app l i ed  t o  o t h e r  areas i n  Nor th  and East A f r i c a  

and West As ia  i n  t h e  course o f  t h e  coming year .  

W .  Goebel 

4.3 AGRICULTURAL LABOR AND TECHNOLOGICAL CHANGE 

4.3.1 Introduction 

Demonstrat ing ICAROA's increased awareness o f  t h e  impor tance o f  

des ign ing  f e a s i b l e  t echno log ies  which meet t h e  needs and resources o f  

ou r  hos t  coun t r i es ,  t h e  Fanning Systems Program has, i n  t h i s  season, 

i n i t i a t e d  a p r o j e c t  on A g r i c u l t u r a l  Labor and Technolog ica l  Change. 

The a v a i l a b i l i t y  o f  l a b o r  i s  cons idered t o  be one o f  t h e  most impor tan t  

f a c t o r s  determin ing t h e  adopt ion o f  techno log ies ,  and t h e  e f f e c t  on 

l a b o r  i s  an impor tan t  component o f  a new techno logy ' s  impact. 

Technolog ies under development, a t  ICARDA and elsewhere, i n c l u d e  

changes i n  seed bed p r e p a r a t i o n  and p l a n t i n g ,  improved weed and p e s t  

c o n t r o l ,  more p rec i se  f e r t i l i z a t i o n ,  mechanizat ion o f  legume 

harves t ing ,  a l t e r n a t i v e  crops, v a r i e t i e s ,  and r o t a t i o n s ,  and new 

c r o p - l i v e s t o c k  i n t e r a c t i o n s .  A1 1 o f  these techniques can a l t e r  l a b o r  

i n p u t s ,  sometimes requ i  r i n g  more l a b o r ,  sometimes less, and sometimes 

reschedu l ing  a c t i v i t y .  Thus, t h e  a v a i l a b i l i t y  of l a b o r  i s  among t h e  

most impor tan t  i n f l uences  on t h e  adopt ion  o f  new farming p r a c t i c e s .  

New techno1 ogi  es may a1 so r e q u i  r e  more s k i  1 l e d  management; t h e  

a v a i l a b i l i t y  o f  such managers must be assessed. 



In t h i s  region, t h e r e  has been substant ia l  growth in  

non-agricultural employment, including in ternat ional  migration f o r  work 

(Fig. 21, Table 29). This has been associated with mechanization and 

o t h e r  technologies which replace or  d isplace  labor. However, shortages 

and high cos ts  of ag r icu l tu ra l  labor  continue t o  be reported in the  

region. Skil led labor in p a r t i c u l a r  i s  drawn t o  new earning 

oppor tuni t ies  a t  home and abroad. 

Table 29 Migration and d m e s t i c  employment in Turkey ( '1000s) 

Mean Annual Change 
------------------ 

1962 1975 1977 1962-75 1975-77 

Tot a1 empl oyment 12643 14668 14726 156 29 

Agricultural  employment 9740 9463 9100 -2 1 -1 82 

Non-agricultural employment 2903 5205 5626 177 211 

Workers abroad 13 795 815 6 0 10 

Source: World Bank 1980: 131 

On t h e  o ther  hand, technologies which reduce labor requirements 

may el iminate important sources of rural employment, especi a1 ly  f o r  

unskil led labor. Most countr ies  do not wish to con t r ibu te  t o  

urbanization by reducing jobs in  rural  areas. I t  i s  necessary t o  

assess the ef-fect of a  new technology on rural employment, so t h i s  can 

be weighed against  the  benef i t s  by policy makers. 



Figure 21 Trends in agricultural and total labor forces 
(selected countries 1 
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Whi le  t h e r e  a re  some p i t f a l l s  t o  be avoided, t h e r e  a re  a l s o  

numerous p o s s i b i l i t i e s  f o r  i n c r e a s i n g  a g r i c u l t u r a l  p r o d u c t i v i t y  by 

e l i m i n a t i n g  l a b o r  bo t t l enecks  o r  t a k i n g  b e t t e r  advantage o f  a v a i l a b l e  

labor .  Researchers and p o l i c y  makers need guidance on these issues, t o  

h e l p  them determine which t echno log ies  have t h e  bes t  chances f o r  

adopt ion ,  and w i  11 most improve o v e r a l l  soc ia l  we1 fare.  

Through coopera t ion  between ICARDA and s c i e n t i s t s  o f  West As ia  

and No r th  A f r i c a ,  t h e  p resen t  p r o j e c t  w i l l  address these issues. There 

a r e  f o u r  main o b j e c t i v e s :  

1. To gather  e x i s t i n g  i n f o r m a t i o n  on a g r i c u l t u r a l  l a b o r  i n  t h e  

reg ion ,  and make i t  a v a i l a b l e  t o  researchers,  m i n i s t r i e s ,  

donors,  and i n t e r n a t i o n n a l  scholars .  

2. To commission new research  p r o j e c t s  on these issues. 

3.  To i n t e g r a t e  c o n s i d e r a t i o n  o f  l a b o r  c o n s t r a i n t s  i n t o  on-going 

development research. 

4. To f a m i l i a r i z e  more scho la r s  o f  t h e  reg ion  w i t h  app l ied ,  

i n t e r d i s c i p l  i n a r y  research techniques. 

4.3.2 Prqject Organization 

A  f u l l - t i m e  p r o j e c t  coo rd ina to r ,  based a t  ICARDA headquar ters  i n  

Aleppo, Sy r i a ,  i s  now respons ib l e  f o r  c o l l a b o r a t i n g  w i t h  n a t i o n a l  

a g r i c u l t u r a l  r esea rch  cen te rs  and u n i v e r s i t i e s .  The p r o j e c t  has been 

organized i n t o  t h r e e  components. 



Component 1: Data base rev iew - -- 

I n  a1 1  bu t  a  few coun t r i es ,  economic and development s p e c i a l t i e s  

a r e  no t  we1 1  represented i n  i n t e r n a t i o n a l l y  pub l i shed  work. Repor ts  

a r e  o f t e n  a v a i l a b l e  o n l y  l o c a l l y  and t r a n s i e n t l y .  Never the less,  

i n f o r m a t i o n  does e x i s t  on i ssues  r e l a t e d  t o  l a b o r  and f a c t o r  

c o n s t r a i n t s  i n  t h e  reg ion.  Thus a  p r imary  and e a r l y  goal  o f  t h e  

p r o j e c t  i s  t o  commission papers which rev iew prev ious  research  and 

i n t e r p r e t  e x i s t i n g  data. A  s e r i e s  o f  papers w i l l  be focused on t o p i c s  

such as l a b o r  a l l o c a t i o n  by t h e  farm household, t h e  process o f  

s u b s t i t u t i o n  between l a b o r  and c a p i t a l ,  t h e  r e l a t i o n s h i p  between 

farmers and owners o f  machinery, and compe t i t i on  between on-farm and 

o f f - f a r m  l a b o r  oppo r tun i t i es .  

Component - -  2: Case s t u d i e s  

A ma jo r  goal o f  t h e  p r o j e c t  i s  t h e  p roduc t i on  o f  new i n f o r m a t i o n  

th rough case s t u d i e s  i n  t h e  main r a i n f e d  farming areas o f  West As ia  and 

No r th  A f r i c a .  The s tud ies ,  based on o r i g i n a l  f i e l d  research, w i l l  

address issues o f  l a b o r  supply and demand t h a t  a f f e c t  t h e  f e a s i b i l i t y  

o f  new a g r i c u l t u r a l  technolog ies.  The s t u d i e s  w i l l  be c a r r i e d  out  by 

r e g i o n a l  s c i e n t i s t s  i n  an i n t e r d i s c i p l i n a r y ,  farming systems framework. 

Component - 3: Coord ina t ion  with on-going research 

on r e l a t e d  i ssues  - 

Both  n a t i o n a l  and i n t e r n a t i o n a l  cen te r s  a re  c a r r y i n g  out  research 

on ways t o  improve r a i n f e d  a g r i c u l t u r a l  systems. I n  a d d i t i o n ,  a  number 



o f  ma jo r  a g r i c u l t u r a l  development p r o j e c t s  a re  under way i n  t h e  reg ion.  

The c o o r d i n a t o r  w i l l  con tac t  research teams and d iscuss  t h e  planned o r  

p o t e n t i a l  r o l e  o f  research on l a b o r  i ssues  i n  t h e i r  work. He may 

a s s i s t  i n  p r o v i d i n g  i n f o r m a t i o n  o r  i n  s e t t i n g  up a  s tudy  o f  l a b o r  

i ssues  and f a c t o r  c o n s t r a i n t s  r e l a t e d  t o  t h e  planned t echno log i ca l  

changes. 

The A g r i c u l t u r a l  Labor and Technolog ica l  Change p r o j e c t  i s  

in tended t o  h e l p  a g r i c u l t u r a l  s c i e n t i s t s  and p o l i c y  makers o f  t h e  

reg ion ,  as w e l l  as donors, t o  b e t t e r  use t h e i r  resources by t a k i n g  t h e  

needs and capabi 1  i t  i e s  o f  farmers i n t o  account. In fo rmat  i o n  produced 

b y  t h e  p r o j e c t  w i l l  be d isseminated w ide l y  w i t h i n  t h e  r e g i o n  and a l s o  

i n  t h e  i n t e r n a t i o n a l  community o f  donors and development researchers.  

D. T u l  l y  

4.4 ASPECTS OF AGRICULTURAL LABOR I N  NORTIWESTERN SYRIA 

4.4.1 I n t r o d u c t i o n  

Du r i ng  t h e  l a s t  t h i r t y  years changes have occurred b o t h  i n  t h e  

technique and i n  t h e  o r g a n i z a t i o n  o f  a g r i c u l t u r a l  p roduc t ion .  

Mechanizat ion o f  some tasks,  new o p p o r t u n i t i e s  f o r  o f f - f a r m  employment, 

and t h e  inc rease  o f  s k i 1  l ed  r u r a l  j obs  have a f f e c t e d  t h e  d i v i s i o n  o f  

l a b o r  i n p u t s  between household and h i r e d  and between males and females. 

T h i s  s tudy  draws on a  survey o f  37 lanuowning households i n  f o u r  

v i l l a g e s  o f  Aleppo Prov ince  i n  Sy r i a .  Data were c o l l e c t e d  on farm 
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l a b o r  f o r  t h e  1982/83 c ropp ing  season. I n t e r v i e w s  were conducted w i t h  

husband and w i f e  a t  t h r e e  per iods  corresponding t o  d i f f e r e n t  seasonal 

tasks.  Numbers o f  hours spent  b y  va r i ous  ca tego r i es  have been 

c a l c u l a t e d  f o r  each t a s k  and each crop. 

4.4.2 Results and Discussions 

I n  general  a d u l t  males' and females '  c o n t r i b u t i o n s  t o  a g r i c u l t u r a l  

l a b o r  ( i n  terms o f  hours o f  phys i ca l  work and i n c l u d i n g  bo th  f a m i l y  and 

h i r e d )  a r e  almost e q u a l l y  d i v i d e d  and tend t o  be complementary (Table 

30)*. Household l a b o r  p rov ides  61 percen t  o f  t h e  t o t a l  work hours i n  

a g r i c u l t u r a l  opera t ions  and females p rov ide  57 percent  o f  these. H i r e d  

l a b o r  i s  e q u a l l y  d i v i d e d  between males and females i n  t h e  t o t a l  

a g r i c u l t u r a l  en te rp r i se .  However, work p rov ided  by each group depends 

on t h e  degree t o  which p roduc t i on  i s  mechanized. Fo r  example, i n  

ce rea l  crops where most o f  t h e  opera t ions  are mechanized, t h e  

c o n t r i b u t i o n  o f  h i r e d  males i s  h i g h e r  than  t h a t  o f  h i r e d  females (33 

percen t  vs 5 percen t ) .  The oppos i te  i s  found i n  legume c rops  where 

most operat ions,  p a r t i c u l a r l y  ha rves t i ng ,  a r e  not  mechanized. H i r e d  

females'  and males'  c o n t r i b u t i o n s  a re  36 percent  and 1 2  percen t  

r espec t i ve l y .  

* To s i m p l i f y  t h e  p r e s e n t a t i o n  we omit  t h e  c o n t r i b u t i o n  o f  c h i l d r e n  
under  t he  age o f  13 (and u s u a l l y  over  10) who supply approx imate ly  7 
percen t  o f  l a b o r  hours. 



Table 30 Contribution of males and females as percentages of t h e  
t o t a l  time spent in on-farm agr icu l tu ra l  production. 

Contribution 
Cereal Legume Summer Tree 
crops crops crops crops Total 

A. Household labor 

Ma1 e  2 3 18 44 47 26 
Female 39 34 42 28 35 

Sub- to ta l  62 52 86 7 5 6 1 

B. Hi red labor 

Ma1 e  
Female 

Sub- to ta l  

C .  Grand t o t a l  

Ma1 e  
Femal e  

D. % of area a1 located 
t o  each crop 50 25 19 6 100 

E. % of hours spent 
i n  each crop 30 40 22 8 100 

F. Mean hours/ha 4 6 135 94 99 -- 

Source: Fran vi l lages  surveyed i n  study. 

Th i s  pat tern i s  a  r e f l e c t i o n  of the  division of labor in 

a g r i c u l t u r e ,  a s  shown in Table 31. Tradi t ional ly  male-dominated 

a c t i v i t i e s  such a s  seeding and winnowing continue t o  be ca r r i ed  out by 

males, and they a lso  provide most labor f o r  the  use of new technologies 

such a s  herbicide and f e r t i l i z e r .  In t i l l a g e ,  male t r a c t o r  operators 



T
ab

le
 3

1
 

C
o

n
tr

ib
u

ti
o

n
 o

f 
m

al
es

 a
nd

 f
e

m
a

le
s 

as
 

pe
rc

en
ta

ge
s 

o
f 

h
o

u
rs

 s
pe

nt
 

in
 le

gu
m

e 
an

d 
ce

re
a

l 
p

ro
d

u
ct

 io
n.

 

L
E

G
U

M
E

 
C

E
R

E
A

L
 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
 

% 
H

ou
rs

 
% 

T
o

ta
l 

H
ou

se
ho

ld
 

% 
H

ou
rs

 
% 

T
o

ta
l 

H
ou

se
ho

ld
 

A
g

ri
c

u
lt

u
ra

l 
sp

en
t 

by
 

a
d

u
lt

 i
n

p
u

t 
o

n
ly

 
sp

en
t 

by
 

a
d

u
lt

 i
n

p
u

t 
o

n
ly

 
A

c
ti

v
it

ie
s

 
ta

sk
 

ta
sk

 
M

al
e 

F
em

al
e 

M
al

e 
Fe

m
al

e 
M

al
e 

F
em

al
e 

M
al

e 
Fe

m
al

e 

T
i 1

 la
g

e
 o

p
e

ra
ti

o
n

s 
3.

7 
S

ee
d 
i
 ng

 
1.

5 

H
e

rb
ic

id
e

 u
se

 
--

 
F

e
rt

 il
 i
 ze

r 
us

e 
0.

9 
H

an
d 

w
ee

di
ng

 
16

.1
 

P
e

st
 c

o
n

tr
o

l 
2.

5 

H
a

rv
e

st
in

g
 

58
.4

 

T
ra

n
sp

o
rt

 
T

h
re

sh
in

g
 

W
in

no
w

in
g 

C
le

a
n

in
g

 
B

ag
gi

ng
 

T
o

ta
l 

10
0.

0 

S
ou

rc
e:

 
V

il
la

g
e

s
 s

ur
ve

ye
d 

in
 s

tu
dy

. 



have rep1 aced male operators of ox-drawn implements, while in cereal  

harvest ing,  male combine operators have replaced both male and female 

hand laborers. Women predominate in manual a c t i v i t i e s  such as weeding, 

hand harvesting, and cleaning of grain. T h u s  ce rea l s ,  with t h e i r  

higher r a t e s  of labor-rep1 acing technology, a r e  characterized by lower 

labor  hours per  hectare and a higher proportion of male labor ,  of ten  

semi-skil led,  legumes use more labor hours, much of i t  unski l led ,  and 

much of t h a t  female. 

The predominant r o l e  of females in providing unskilled 

agr icul tura l  labor i s  amplified by the  increasing a v a i l a b i l i t y  f o r  

males of non-agricultural employment. In t h e  four v i l  lages,  such 

a c t i v i t i e s  included construction work, running a business, teaching,  

and driving a t a x i .  No women f r a n  the  survey v i l l ages  did any 

non-agricultural work outside the  vi l  lage. 

Working on o r  off-farm depends largely  on farm s i z e ,  t h e  crop 

productivi ty and access t o  work opportunit ies .  In the  v i l l ages  

surveyed, where few landless households e x i s t ,  63 percent of income 

comes from crops and livestock and 37 percent f r an  o f f - f a m  a c t i v i t i e s .  

Off-farm income provides only 29 percent of income in the  wet ter  two 

v i l l ages  (zone 1) compared t o  44 percent in t h e  d r i e r ,  l e s s  productive 

area  (zone 2 ) .  

The da ta  were analyzed t o  determine f a c t o r s  af fec t ing male and 

female labor inputs, and the  r e l a t i v e  importance of hired and household 

labor. Labor inputs in a l l  ca tegor ies  were c lose ly  cor re la ted  with 



h o l d i n g  s ize;  t h e r e f o r e  m u l t i p l e  r eg ress ion  was used t o  cons ide r  t h e  

impor tance o f  o t h e r  v a r i a b l e s  i n  combinat ion w i t h  h o l d i n g  size. Three 

o t h e r  v a r i a b l e s  were found t o  have s i g n i f i c a n t  impact on l a b o r  i n p u t :  

number o f  a d u l t s  i n  t h e  f a m i l y ,  number o f  f a m i l y  members absent on a 

d a i l y  bas is ,  and "excess o f  females" (number o f  a d u l t  females minus 

number o f  a d u l t  ma1 es) . 
F o r  comparat ive purposes, normal ized b e t a  va lues a r e  shown f o r  

a l l  l a b o r  v a r i a b l e s  w i t h  a1 1 f o u r  independent va r i ab les  (Table 32).  

There a r e  i n t e r e s t i n g  d i f f e r e n c e s  among t h e  r e s u l t s .  

F i r s t ,  i t should be noted t h a t  male, female, and t o t a l  household 

l a b o r  a r e  p r i m a r i l y  l i n k e d  t o  number o f  adu l t s ,  and female household 

l a b o r  i s  a l so  r e l a t e d  t o  t h e  excess of females. Male household labor ,  

as one would expect, i s  reduced by t h e  number o f  absentees. Ho ld ing  

s i z e  i s  a lso  impor tant ;  a1 1 o t h e r  t h i n g s  be ing equal, household members 

work more i f  t h e i r  farms a re  l a rge r .  However, t h a t  v a r i a b l e  appears t o  

be l e s s  impor tan t  than  demographic f ac to r s .  



Table 32 M u l t i p l e  regress ion  r e s u l t s  on l a b o r  var iab les .  

DEPENDENT 
VARIABLES 

INDEPENDENT 
VARIABLES (Normalized Beta Values) 

Household 
1  abor 

Ma1 e  
Female 
To t  a1 

H i red  l a b o r  

Ma 1 e  
Female 
T o t a l  

Ma1 e  
Female 
T o t a l  

Labor  r a t i o s  

Femal e / t o t a l  hh 
Female / to ta l  h i r e d  
Female / to ta l  a1 1  

Ho ld ing  Number o f  Number o f  Excess o f  Ad ju f ted  
s i z e  a d u l t s  absentees females (1 )  r 

(1 )  A d u l t  females minus ad l r l t  males. 
** t s i g n i f i c a n t  a t  .O1  
* t s i g n i f i c a n t  a t  .05 
(+)  t s i g n i f i c a n t  a t  .06 
(NS) s ig .  o f  t>.l 

By con t ras t ,  t h e  on l y  v a r i a b l e  s i g n i f i c a n t l y  de te rmin ing  t o t a l  

h i r e d  l a b o r  i s  ho ld i ng  s ize.  Large farms h i r e  more l a b o r  than  smal l  

ones. A lso  t h e  r a t i o  o f  household t o  t o t a l  l a b o r  i s  n e g a t i v e l y  



assoc iated w i t h  farm s i z e  and p o s i t i v e l y  assoc ia ted w i t h  f a m i l y  s i ze .  

However, f a m i l y  s i z e  and number o f  absentees s t r o n g l y  a f f e c t  t o t a l  

l a b o r  deployed on farms. There fo re ,  i t  appears t h a t  farmers do no t  

h i r e  as much l a b o r  as they  would use i f  f a m i l y  l a b o r  were ava i l ab le .  

E i t h e r  s u f f i c i e n t  h i r e d  l a b o r  i s  n o t  a v a i l a b l e ,  o r  f a m i l y  l a b o r  i s  

valued more cheaply than  h i r e d  labor .  

Smal l  f a m i l i e s  h i r e  more males than l a r g e  f a m i l i e s ,  p robab ly  

i n d i c a t i n g  l e s s  p l a n t i n g  o f  l a b o r  i n t e n s i v e  crops. Also, f a m i l i e s  w i t h  

male absentees h i r e  more males, and f a m i l i e s  w i t h  more females h i r e  

l ess  female labor .  Tiius h i r e d  and household l a b o r  appear t o  be p a r t i a l  

s u b s t i t u t e s ,  and some o f  t h i s  s u b s t i t u t i o n  f o l l o w s  gender l i n e s .  T h i s  

i s  r e l a t e d  t o  t h e  d i v i s i o n  o f  l abo r ,  s ince  h i r e d  females are i n v o l v e d  

i n  manual l a b o r  which can a l so  be accomplished by household females. 

4.4.3 Conclusions 

The p a t t e r n  o f  l a b o r  i n p u t  i n  a g r i c u l t u r e  i n  nor thwestern S y r i a  has 

been presented. It was noted t h a t  male and female t ime c o n t r i b u t i o n s  

t o  crop p roduc t ion  a re  approx imate ly  equal. H i r e d  l a b o r  f o r  mechanical 

opera t ions  i s  predominant ly  male, w h i l e  t h a t  f o r  manual ope ra t i ons  i s  

p redan inan t l y  female. Cont inu ing  mechanizat ion o f  p roduc t i on  w i l l  

con t i nue  t o  reduce female a g r i c u l t u r a l  a c t i v i t i e s  i n c l u d i n g  b o t h  

household and h i r e d  labor .  The male a g r i c u l t u r a l  l a b o r  f o r c e  i s  

reduced by m i g r a t i o n  and o f  f - f a r m  employment, bu t  those remain ing have 

been i n c r e a s i n g l y  i nvo l ved  i n  us ing  l abo r - rep lac ing  technolog ies.  

These changes have ma jo r  i m p l i c a t i o n s  f o r  technology adopt ion, 



a g r i c u l t u r a l  p r o d u c t i v i t y ,  fa rm incomes and e q u i t y  which need t o  be 

assessed. 

A. Rassam and D. T u l l y  

4.5 INCREASING FERTILIZER USE EFFICIENCY 

THROUGH SOIL TEST CALIBRATION 

4.5.1 I n t r o d u c t i o n  

I n  t h e  more p roduc t i ve  areas o f  West As ia  and Nor th  A f r i c a ,  where wheat 

and food legumes a r e  grown, n a t i o n a l  researchers have been i nvo l ved  i n  

ex tens i ve  s tud ies  on t h e  use o f  n i t r o g e n  and phosphate f e r t i l i z e r  on a  

v a r i e t y  o f  crops. T h i s  research has proved successfu l  i n  a l l o w i n g  

recommendations t o  be made t o  farmers,  and survey work ( f o r  example see 

ICARDA 1986 p  43-56) i n d i c a t e s  r a p i d  adop t ion  o f  f e r t i l i z e r  use on bo th  

c e r e a l s  and food legumes. 

On-going research i n  S y r i a  (see ICARDA 1986 p  9-18 and t h i s  

r e p o r t ,  s e c t i o n  2.2) has a l s o  i n d i c a t e d  econanic responses o f  b a r l e y  

p roduc t i on  t o  b o t h  N  and P f e r t i l i z e r s  i n  t h e  d r i e r  areas (<350 mm) 

where farmers c u r r e n t l y  do no t  use f e r t i l i z e r .  Given t h e  present  r a t e  

o f  adop t ion  o f  f e r t i l i z e r  use i n  t h e  w e t t e r  areas, and i t s  l i k e l y  

expansion i n t o  t h e  d r i e r  areas, i t  i s  impor tan t  t h a t  t h e  e f f i c i e n c y  o f  

use i s  s e r i o u s l y  cons idered t o  a l l o w  t h e  maximum econanic b e n e f i t  t o  be 

d e r i v e d  frm l i m i t e d  resources, b o t h  a t  t h e  n a t i o n a l  and farm l e v e l .  



Many f ac to r s  w i l l  ccmbine t o  a f f e c t  t h e  b i o l o g i c a l  and economic 

optimum r a t e  o f  b o t h  N and P a p p l i c a t i o n .  Such f a c t o r s  i n c l u d e  crop 

type,  c rop  r o t a t i o n ,  s o i l  type,  s o i l  f e r t i l i t y ,  method o f  a p p l i c a t i o n ,  

t h e  r e s i d u a l  e f f e c t s  o f  p rev ious  f e r t i l  i z e r  a p p l i c a t i o n  and probably  

most impor tant ,  t h e  y e a r  t o  y e a r  v a r i a b i l i t y  i n  p o t e n t i a l  c rop 

p r o d u c t i v i t y  assoc ia ted  w i t h  c l i m a t i c  f a c t o r s ,  p r i n c i p a l l y  r a i n f a l l .  

Never the less,  i n  s p i t e  o f  t h e  complex i t y  invo lved ,  we b e l i e v e  t h a t  

f e r t i l i z e r  use e f f i c i e n c y  can be improved cons iderab ly  th rough  

c o n s i d e r a t i o n  o f  these f ac to r s .  I n  o t h e r  sec t i ons  o f  t h i s  r e p o r t  we 

have presented r e s u l t s  i l l u s t r a t i n g  t h e  e f f e c t  o f  crop r o t a t i o n  on t h e  

n i t r o g e n  responses o f  b a r l e y  and wheat (see sec t ions  2.2 and 3 . 3 ) ,  and 

t h e  importance of s o i l  f e r t i l i t y  ( a v a i l a b l e  N and P) and r a i n f a l l  i n  

account ing  f o r  t h e  v a r i a b i l  i t y  assoc ia ted  w i t h  b a r l e y  y i e l d  responses 

t o  f e r t i l i z e r  a p p l i c a t i o n .  

I n  t h e  f o l l o w i n g  pages we d i scuss  t h e  r o l e  o f  s o i l  analyses i n  

assessing s o i l  f e r t i l i t y  s t a tus ,  and our p r e l i m i n a r y  work i n  

c a l i b r a t i n g  these s o i l  t e s t s  f o r  N and P w i t h  crop responses t o  app l i ed  

f e r t i l i z e r .  The r e s u l t s  should no t  be judged as conc lus ive ,  b u t  a re  

presented t o  i l l u s t r a t e  some o f  t h e  methodologies be ing used, and t h e  

p o t e n t i a l  value o f  such work. 

4.5.2 Standa rd i za t i on  and E v a l u a t i o n  o f  

t h e  S o i l  Tes t  f o r  Phosphorus 

A v a r i e t y  o f  s o i l  t e s t s  f o r  a v a i l a b l e  s o i l  phosphorus a r e  used by t h e  

l a b o r a t o r i e s  o f  t h e  reg ion ,  and one ma jo r  goal  o f  our  s o i l  t e s t  



c a l i b r a t i o n  work i s  t o  a s s i s t  r eg iona l  s c i e n t i s t s  i n  s t a n d a r d i z a t i o n  o f  

procedures. Each yea r  we h o l d  a  s o i l / p l a n t  analyses t r a i n i n g  course 

f o r  s e n i o r  l abo ra to r y  personnel ,  and i n  1985/86 t h e  p a r t i c i p a n t s  i n  t h e  

course focused on a  comparison o f  s o i l  t e s t s  f o r  phosphorus c u r r e n t l y  

u t i l i z e d  f o r  t h e  ca lcareous s o i l s  o f  t h e  reg ion.  We present  t h e  

summary o f  r e s u l t s  o f  t h e i r  j o i n t  s tud ies .  A f u l l e r  r e p o r t  o f  

procedures and r e s u l t s  are a v a i l a b l e  on request.  

F i v e  c o n t r a s t i n g  e x t r a c t i o n  procedures were compared, namely: 

a )  desorp t ion  by an ion exchange r e s i n  

b )  e x t r a c t i o n  w i t h  NaHC03 (Snc12 used as reduc ing agent)  

c )  e x t r a c t i o n  w i t h  NaHC03 (asco rb i c  a c i d  used as reduc ing  agent)  

d )  e x t r a c t i o n  w i t h  ammonium o x a l a t e  

e )  e x t r a c t i o n  w i t h  ammonium l a c t a t e  

Ryegrass was grown i n  po ts  f i l l e d  w i t h  2.2 kg o f  su r f ace  s o i l  

f r a n  18 l o c a t i o n s  w i t h  c o n t r a s t i n g  s o i l  p r o p e r t i e s  and f e r t i l i t y .  A 

bas ic  d ress ing  o f  n i t r o g e n  f e r t i l i z e r  was added t o  each po t  a t  a  r a t e  

o f  l g  ammonium n i t r a t e  pe r  kg o f  s o i l .  Two c u t s  o f  r y e  grass were 

taken  44 and 72 days a f t e r  sowing (1/12/85).  

A v a i l a b l e  P i n  t h e  s o i l ,  as determined by each method and 

expressed as ppm a v a i l a b l e  phosphate, was c o r r e l a t e d  w i t h  t h e  t o t a l - P  

uptake (mg/pot) and t o t a l  d r y  m a t t e r  p roduc t i on  (g /po t )  o f  t h e  ryegrass 

( c u t s  1+2). The r e s u l t s  a re  g iven  i n  Table 33. 



2  Tab le  33 The c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  (R ) between s o i l  t e s t  
o f  a v a i l a b l e  P  b y  v a r i o u s  methods and y i e l d  o r  P uptake by 
ryegrass  

Methods o f  P  s o i l  t e s t  used 
................................................. 
NaHC03 NaHCO Anion 

Y i el  d  components (SnC12) ( ~ s c o r b i s )  Resin L a c t a t e  Oxalate 

Dry  wt. (1+2) c u t s  0.82 0.81 0.86 0.24 0.53 

P-uptake (1+2) c u t s  0.92 0.91 0.93 0.28 0.60 

These r e s u l t s  c o n f i r m  t h a t  Anion Exchange Resin and t h e  NaHC03 

e x t r a c t i o n  techniques gave good es t imates  o f  s o i l  ava i lab le-P.  I n  

a d d i t i o n ,  i t  was noted t h a t  t h e  es t imates  o f  ava i l ab le -P  ob ta ined  b y  

t h e  an ion  exchange r e s i n  and t h e  two methods us ing  NaHC03 (Olsen 

method) were h i g h l y  c o r r e l a t e d .  It was concluded t h a t  e i t h e r  t h e  an ion 

exchange method o r  t h e  Olsen method were s u i t a b l e  s o i l  t e s t  procedures 

f o r  ava i l ab le -P  i n  ca lcareous s o i l s ,  bu t  s i nce  t h e  Olsen method ( w i t h  

e i t h e r  reduc ing agent) i s  cons ide rab l y  l e s s  labor ious ,  i t  i s  

recommended f o r  a1 1  f u t u r e  s o i l  t e s t  c a l i b r a t i o n  s tud ies.  

4.5.3 Soi  1  Test/Crop Response S t u d i e s  f o r  Ba r l ey  

Du r i ng  1984185 and 1985186, t h i r t y - t h r e e  N  x P  f a c t o r i a l  t r i a l s  w i t h  

b a r l e y  have been conducted i n  fanners '  f i e l d s  i n  c o l l a b o r a t i o n  w i t h  t h e  

S y r i a n  Soi 1s D i r e c t o r a t e .  These have been repor ted  e l  sewhere (see 

ICARDA 1986, pp 9-18, and s e c t i o n  2.2 o f  t h i s  r epo r t ) .  A t  t h e  s t a r t  o f  

+ 
each season, m ine ra l  n i t r o g e n  (NH4 + NO3-) was determined i n  t h e  0-20, 



20-40, 40-60 and 60-100 cm s o i l  horizons, and available-P (Olsen) was 

determined in the  0-20 cm horizon. The r e s u l t s  f r m  these t r i a l s  a r e  

being u t i l i z e d  t o  r e l a t e  crop responses t o  N and P f e r t i l i z e r  with s o i l  

t e s t s  f o r  avai lable  nitrogen and phosphorus. Two mthodologies f o r  

s o i l  t e s t  ca l ib ra t ion ,  namely t h e  Cate-Nelson Graphical Analyses method 

and the Mitcherlich-Bray, a r e  i l l u s t r a t e d  fo r  phosphorus and nitrogen. 

The Cate-Nelson method u t i l i z e s  a graphical analys is  of t h e  p lo t  

of r e l a t i v e  y ie ld  (ranging from 0-100%) of barley against  t h e  level  of 

available-P in  t h e  so i l  a t  sowing. The r e l a t i v e  y i e l d  f o r  each 

locat ion i s  t h e  r a t i o  of t o t a l  dry matter of barley in t h e  zero 

phosphate f e r t i l i z e r  t reatments t o  t h e  maximum y ie lds  obtained when 

P - f e r t i l i z e r  is added. Only N x P treatment combinations which assure  

t h e  N-nutrition of t h e  crop a r e  u t i l i z e d  t o  avoid confounding P and N 

responses. The method i s  based upon dividing s o i l s  i n t o  two groups, 

those with a  high probabi l i ty  and those with a  low probabi l i ty  of 

P-responses and subsequent d iv is ion of the  diagram into quadrants which 

maximize t h e  number of points  in t h e  posi t ive  quadrants and minimizes 

t h e  number in the  negative quadrants. This i s  i l l u s t r a t e d  in Fig. 22 

which shows t h a t  the  c r i t i c a l  level of Olsen-P i n  the  top 20 cm of s o i l  

i s  about 5 ppm, above which value crops a r e  l ike ly  t o  achieve around 

80% of t h e i r  maximum y i e l d  in t h e  absence of f e r t i l i z e r  appl ica t ion.  

The same methodology can be used f o r  nitrogen s o i l  t e s t s  a s  

i l l u s t r a t e d  in Fig. 23 which shows t h a t  the  c r i t i c a l  level f o r  n i t r a t e  

ni trogen in the top 40 cm of s o i l  i s  about 25 kglha. In both these  

i l l u s t r a t i o n s ,  i t  i s  c l e a r  t h a t  s o i l  t e s t s  above do not account f o r  a l l  



Figure  22 S c a t t e r  diagram o f  r e l a t i v e  y i e l d  o f  b a r l e y  t o t a l  
d r y  ma t te r  p roduc t i on  vs Olsen-P t e s t  f o r  t h e  t o p  
20 cm o f  s o i l s  
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the  v a r i a b i l i t y  assoc ia ted w i t h  crop responses t o  f e r t i l i z e r ,  bu t  t h a t  

t h e y  c o u l d  have a  u s e f u l  r o l e  i n  improv ing t h e  e f f i c i e n c y  o f  f e r t i l i z e r  

recanmemlations. 

A second method o f  e v a l u a t i n g  s o i l  t e s t s  i s  t h e  use o f  t h e  

M i t c h e r l i c h - B r a y  equat ion  which has t h e  f o l l o w i n g  general  form: 

Log (A-Y) = l o g  A - clb - c2x (1 

where: A i s  t h e  maximum y i e l d  w i t h  optimum P f e r t i l i z e r  (kg/ha) 

Y i s  t he  y i e l d  a t  any g i ven  phosphorus f e r t i l i z e r  r a t e  (kg/ha) 

x  i s  f e r t i l i z e r  r a t e  f o r  y i e l d  Y (kg/ha P205) 

b  i s  t h e  a v a i l a b l e  P i n  t h e  s o i l  (kg/ha P205) 

c1 and c2 a re  e f f i c i e n c y  cons tan ts  f o r  b  and x  r e s p e c t i v e l y .  

T h i s  equa t ion  can a l so  be expressed i n  terms o f  r e l a t i v e  y i e l d  

(Y r )  

Log (100-Yr) = Log 100 - clb - c  x 2  (2 ) 

where: Y r  = Y i e l d  a t  f e r t i l i z e r  r a t e  x  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x 100 
Y i e l d  w i t h  optimum P f e r t i l i z e r  

I n  bo th  equat ions (1 )  and ( 2 )  we r e f e r  t o  y i e l d s  o f  t o t a l  d r y  

m a t t e r  p roduc t i on  o f  ba r l ey .  

Us ing equat ion  ( I ) ,  t h e  c o e f f i c i e n t s  cl and c2 were c a l c u l a t e d  

f o r  each i n d i v i d u a l  l o c a t i o n  as descr ibed  by Yur tsever  (1986), g i v i n g  

t h e  f o l l o w i n g  mean va lues f o r  c l i m a t i c  zone 2  and 3 

C o e f f i c i e n t  Zone 2  Zone 3 Zones 2  + 3 



Using these c o e f f i c i e n t s ,  and app ly ing  t h e  zero f e r t i l i z e r  l e v e l  

t o  equa t ion  2, t h e  M i t c h e r l i c h - B r a y  equat ions f o r  zones 2  and 3 were 

drawn on t h e  s c a t t e r  diagrams of r e l a t i v e  y i e l d  v. Olsen-P t e s t  values 

(see F ig .  24 and 25). I n  general terms, t h e  equat ions d e s c r i b e  t h e  

observed r e l a t i o n s h i p  w e l l .  

Ass ign ing  a  r e l a t i v e  y i e l d  o f  80% ( i n  t h e  absence o f  a p p l i e d  P 

f e r t i l i z e r )  t o  t h e  equat ions i n  F igs .  24 and 25 i n d i c a t e s  t h a t  t h e  

c r i t i c a l  l e v e l  o f  ava i lab le -P  i n  t h e  s o i l  i s  4.7 ppm and 5.4 ppm f o r  

zones 2  and 3 r e s p e c t i v e l y .  These values a re  i n  c lose agreement w i t h  

t h e  value o f  5 ppm obta ined f o r  zones 2 and 3 combined by t h e  

Cate-Nel son method (F ig .  22). 

Furthermore, equa t ion  2  can be u t i l i z e d  t o  p r e d i c t  t h e  amount o f  

phosphate f e r t i l i z e r  r equ i red  t o  g i ve  va ry i ng  percentages o f  maximum 

y i e l d  as a f f e c t e d  by t h e  l e v e l  o f  a v a i l a b l e  P  i n  t h e  s o i l  a t  sowing. 

T h i s  i s  i l l u s t r a t e d  below u t i l i z i n g  t h e  c o e f f i c i e n t s  f o r  zone 2  and 3 

c  olnb i ned . 
Rate o f  P205 r e q u i r e d  t o  g i ve  

90% 98% 
01  sen-P (ppm) o f  rnax imum y i e l d  ---- ----- ---- .... . . . . . . . . . . . . . . . . . . . . . . . . .  

2  59 114 
4  38 94 
6 18 73 
8  0  52 

10 0  3 2  

Such da ta  a lone a re  no t  s u f f i c i e n t  t o  a l l o w  f e r t i l i z e r  

recommendations t o  be made un less  one assumes t h a t  a  f a r m e r ' s  o b j e c t i v e  

i s  t o  maximize h i s  y i e l d ,  r ega rd less  o f  t h e  r a t e  o f  r e t u r n  on money 

inves ted .  I n  v a r i a b l e  r a i n f a l l  environments, farmers a r e  w e l l  aware o f  



~ o g  (100-Y)  = Log 100 - 0.029 b 

Olsen-P t e s t  ( k g  P205/ha)  

F i g u r e  24 S c a t t e r  d iag ram o f  r e l a t i v e  y i e l d  p e r c e n t a g e  o f  t o t a l  
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t he  r i s k  assoc ia ted  w i t h  c rop  p roduc t ion ,  and thus  an economic 

e v a l u a t i o n  which c a l c u l a t e s  i nc rease  i n  ne t  revenue and r a t e s  o f  r e t u r n  

assoc ia ted w i t h  d i f f e r e n t  l e v e l s  o f  f e r t i l i z e r  a p p l i c a t i o n  i s  

e s s e n t i a l .  

I n  conduct ing such an analyses, equa t ion  (1)  which r e f e r s  t o  

a c t u a l  y i e l d s  i s  u t i l i z e d .  I n  do ing  so, i t  i s  necessary t o  d e f i n e  A, 

t h e  t h e o r e t i c a l  maximum y i e l d  ob ta inab le .  Many workers (e.g., 

Yur tsever  1986) use t h e  M i t c h e r l i c h - B r a y  equat ion  i t s e l f  t o  produce a  

t h e o r e t i c a l  maximum y i e l d ,  a  s i n g l e  value t o  represen t  t h e  whole area 

f o r  which t h e  i n f o r m a t i o n  i s  be ing der ived. T h i s  maximum value w i l l  be 

very  c l o s e  t o  t h e  mean o f  t h e  maximum values observed a t  each l o c a t i o n  

f r a n  which da ta  i s  u t i l i z e d .  However, i n  mo is tu re  l i m i t i n g  r a i n f e d  

environments we know t h a t  t h e  maximum y i e l d  ob ta i nab le  a t  any g i ven  

l o c a t i o n  w i l l  depend no t  on l y  on t h e  ava i lab le -P  and l e v e l  o f  a p p l i e d  

f e r t i l i z e r ,  bu t  a l so  t h e  seasonal r a i n f a l l .  For  ins tance,  i n  t h e  

p resen t  data set ,  ove r  t h e  two seasons, r a i n f a l l  va r i ed  between 147 and 

398 mm, and maximum t o t a l  d r y  m a t t e r  va r i ed  cor respond ing ly  between 

1800 and 7500 kg/ha. A s imple l i n e a r  r eg ress ion  between maximum d r y  

m a t t e r  and r a i n f a l l  (R )  gave t h e  f o l l o w i n g  r e l a t i o n s h i p :  

Maximum d r y  m a t t e r  (kg/ha) = 27.81 R - 1396 
2 (R =0.59) 

We have t h u s  mod i f i ed  t h e  s tandard  M i t che r l i ch -B ray  equat ion  by 

u t i l i z i n g  t h i s  r e l a t i o n s h i p  i n  d e f i n i n g  a  v a r i a b l e  t h e o r e t i c a l  maximum 

y i e l d  which i s  r a i n f a l l  dependent. The equat ion  thus has t h e  form: 



I n  t h i s  form, economic analyses a l lows  t h e  p roduc t i on  o f  a  f a m i l y  

o f  curves r e l a t i n g  i nc rease  i n  ne t  revenue and r a t e s  o f  r e t u r n  t o  

phosphate s t a t u s  o f  t h e  s o i l ,  l e v e l  o f  a p p l i e d  phosphate and r a i n f a l l  

r ece i ved  dur ing  t h e  season. These a re  i l l u s t r a t e d  i n  F ig .  26, which 

shows t h e  increases i n  net  revenue (SL/ha) assoc ia ted w i t h  d i f f e r e n t  

l e v e l s  o f  phosphate a p p l i c a t i o n  (30, 60, 90 kg/ha P205) o n s o i l s  o f  

c o n t r a s t i n g  f e r t i l i t y  s t a t u s  (Olsen-P, 2, 4, 6, 8 ppm) i n  years  

r e c e i v i n g  d i f f e r e n t  seasonal r a i n f a l l  t o t a l s  (150, 200, 250 and 300 

mm/season) . Costs  and p r i c e s  u t i l i z e d  i n  t h e  c a l c u l a t i o n  o f  increased 

n e t  revenue a re  g iven i n  s e c t i o n  2.2.1 o f  t h i s  repor t .  The arrows i n  

F ig .  26 i n d i c a t e  t h e  p o i n t  a t  which maximum inc rease  i n  ne t  revenue i s  

ob ta ined  w i t hou t  t h e  marginal  r a t e  o f  r e t u r n  on m n e y  i nves ted  i n  

inc reased  cos ts  fa1  1  i n g  below 401, judged as t h e  economic optimum l e v e l  

o f  f e r t i l i z e r  a p p l i c a t i o n .  

As s ta ted  e a r l i e r ,  these  r e s u l t s  are presented t o  i l l u s t r a t e  t h e  

p o t e n t i a l  usefu lness o f  s o i l  t e s t s  f o r  improv ing t he  e f f i c i e n c y  o f  

f e r t i l i z e r  use, and t hus  we would no t  wish t o  draw subs tan t i ve  

conc lus ions  a t  t h i s  stage. Nevertheless, severa l  impo r tan t  p o i n t s  

shou ld  be made. C l e a r l y ,  seasonal r a i n f a l l  has a  major e f f e c t  on t h e  

expected increase i n  ne t  revenue f r a n  phosphate a p p l i c a t i o n  t o  ba r l ey ,  

e s p e c i a l l y  i n  s o i l s  o f  low a v a i l a b l e  P (F ig .  26a, 26b). S i m i l a r l y ,  i t  

w i l  1  a f f e c t  t h e  econanic optimum r a t e  o f  f e r t i l i z e r  t o  be  a p p l i e d  (Fig.  

26a, b ,  c ) .  S ince t h e  a p p l i c a t i o n  o f  phosphate occurs a t  seeding t ime, 

b e f o r e  t h e  seasonal r a i n f a l l  i s  known, t h e  recommendation o f  



Olsen-P = 6 ppm 

loo0I ( c )  

Olsen-P - 4 ppm 
Inc rease  i n  
n e t  revenue 

SL/ ha 

Olsen-P = 8 ppm 

( D l  

R = R a i n f a l l  amount; R1= 300 mm; R2= 250 mm; R3= 200 mm; R4= 150 mn 

F i g u r e  26 The e f f e c t  o f  s o i l  a v a i l a b l e  P  (Olsen-P ppm), r a i n f a l l  (mm) and 
a p p l i e d  phosphate f e r t i l i z e r  (kg/ha P  0 ) on t h e  i n c r e a s e  i n  n e t  
revenue d e r i v e d  f r o m  b a r l e y  p r o d u c t i o i  ?n N. S y r i a .  



econcmical ly optimum r a t e s  of appl ica t ion (and the  expected increase in  

net revenue) f o r  any given location wi l l  ul t imately depend on an 

ana lys i s  of long term r a i n f a l l  records which def ine  the  probabi l i ty  of 

receiving d i f f e r e n t  amounts of seasonal r a i n f a l l .  

As would be expected t h e  level of available-P in t h e  s o i l  a l so  

has a  profound impact on increases in net revenue and r a t e s  of re turn  

on P - f e r t i l i z e r  applicat ion (compare 26a and 26b). On-going research 

wi l l  need t o  define the  e f f e c t  of phosphate f e r t i l i z e r  use on t h e  level 

of available-P i n  the  s o i l .  Residual e f f e c t s  of P - f e r t i l i z e r  p e r s i s t  

f o r  2-3 years in these  dry barley growing environments ( I C A R D A ,  1986 p 

62-67), and the re fo re  regular  f e r t i l i z e r  use will  r e s u l t  in an 

increased amount of avail able-P in  the  s o i l s .  A s t a t i c  recommendation 

f o r  phosphate f e r t i l i z e r  use on barley i s  therefore l ike ly  t o  be 

unsuitable in the  long t e rn ,  and a  methodology must be found which 

allows t h e  e f f e c t  of previous f e r t i l i z e r  applicat ion t o  be taken i n t o  

account. 

4.5.4 Conclusions 

The r e s u l t s  and discussions presented here on phosphate appl ica t ion t o  

barley i l l u s t r a t e  some of the  major considerat ions required i n  

improving phosphate f e r t i l i z e r  use ef f ic iency in  variable r a i n f a l l  

environments. O u r  on-goi ng research program aims t o  re f ine  these  

procedures, and i s  expanding t h e  work t o  o ther  crops such a s  wheat, 

chickpea and l en t i  1. Similar  considerat ions must be given t o  nitrogen 

f e r t i l  i z e r  use on ce rea l s ,  b u t  d i f f e r e n t  approaches wi 11 be required 



f o r  severa l  reasons. F i r s t l y ,  n i t r o g e n ,  u n l i k e  phosphate f e r t i l i z e r ,  

i s  ~ n o s t l y  top-dressed i n  l a t e  w i n t e r ,  when a  l a r g e  p a r t  o f  t h e  seasonal 

r a i n f a l l  has occurred, and t h e  " p o t e n t i a l "  o f  t h e  season can t h e r e f o r e  

be ascer ta ined  w i t h  g r e a t e r  c e r t a i n t y .  Secondly, as i l l u s t r a t e d  i n  

t h i s  r epo r t ,  c rop  r o t a t i o n  w i l l  have a  major impact on n i t r o g e n  

responses. T h i r d l y ,  t h e  chemis t ry  o f  n i t r o g e n  dynamics i n  t h e  s o i l  

(and t hus  t h e  res idua l  e f f ec t  o f  f e r t i l i z e r )  a r e  a f f e c t e d  by d i f f e r e n t  

and l ess  p r e d i c t a b l e  processes t o  those o f  phosphate. 

A. Matar, P. Cooper, A. Mazid 

4.6 IMPACT AND POTENTIAL OF WATER FlANAGEMENT 

WITHIN RAINFED AREAS 

4.6.1 Research Managed F i e l d  T r i a l s  : 

Con t ro l  l e d  and On-Farm 

I n  t h e  1985/86 growing season, t h e  research managed c o n t r o l l e d  f i e l d  

t r i a l s  f o r  Durum wheat v a r i e t y ,  Sham I, a t  Te l  Hadya were a  s p l i t  b lock  

des ign  which examined t h e  e f f e c t  o f  t h e  r a t e  o f  n i t r o g e n  f e r t i l i z e r  on 

y i e l d  o f  Durum wheat f o r  d i f f e r e n t  schedules o f  supplemental i r r i g a t i o n  

w i t h  f o u r  r e p l i c a t i o n s .  The main p l o t s  were f o u r  n i t r o g e n  f e r t i l i z e r  

r a t e s  o f  none, 70, 140, and 210 k g  o f  N/ha arranged i n  a  4 x 4 l a t i n  

square. Subplot  t rea tments  were f o u r  schedules o f  water management; 

r a i n f e d ,  w i t h  supplemental i r r i g a t i o n  scheduled a t  113 wa te r  balance, 

2/3 wa te r  ba lance and 3/3 wate r  balance. Research managed on-farm 

t r i a l s  were loca ted  a t  T e l  Dhaman s u b d i s t r i c t  (Breda, c l i m a t i c  zone 2 ) ;  



and, Mare'a s u b d i s t r i c t  (Om Hoche, c l i m a t i c  zone 1). The water  

management t rea tments  and wheat v a r i e t y  were t h e  same as t h e  research 

managed c o n t r o l l e d  f i e l d  t r i a l s  a t  Te l  Hadya. The on-farm s t u d i e s  

f o l l owed  a r a n d m i z e d  complete b l ock  des ign which examined t h e  e f f e c t  

o f  d i f f e r e n t  schedules o f  supplemental i r r i g a t i o n  on y i e l d  w i t h  t h r e e  

rep1 i c a t i o n s .  

The o b j e c t i v e s  o f  t h e  wate r  management s tud ies  were t o  improve 

supplemental i r r i g a t i o n  p rac t i ces ,  t o  p r e d i c t  l e v e l  o f  n i t r o g e n  

a p p l i c a t i o n ,  t o  es t ima te  t h e  consumptive use, and t o  determine 

i r r i g a t i o n  schedul ing-  requi rements under l o c a l  c o n d i t i o n s  f o r  increased 

p r o d u c t i o n  o f  crop y i e l d s .  The e f f e c t i v e  and e f f i c i e n t  implementat ion 

o f  suppl m e n t a l  i r r i g a t i o n  requ i  red  schedul i ng by t he  wate r  ba lance 

method us ing c l i m a t i c  i n f o rma t i on .  Whether t o  i r r i g a t e  o r  no t  was 

decided pu re l y  on t h e  est imated p r o f i t a b i l i t y  o f  do ing  so which 

underscores t h e  importance o f  schedul ing supplemental i r r i g a t i o n  by 

minimum - -  - not maximum - -  crop wate r  requirements. 

A t  p l a n t i n g  t ime,  a1 1 p l o t s  were sown by b roadcas t ing  wheat a t  a  

r a t e  o f  140 kg/ha. Phosphorus (P205) was broadcast  a t  a  r a t e  o f  80 

kg/ha, and n i t r o g e n  (Urea) was a p p l i e d  a t  a  r a t e  o f  40 kg/ha on a1 1 

n i t r o g e n  t rea tments  f o r  Te l  Hadya and f o r  a l l  on-fann p l o t s .  For  t h e  

research  c o n t r o l  l e d  s tud ies ,  t h e  rema in ing  q u a n t i t i e s  o f  n i t r o g e n  (30, 

100, and 170 kg/ha) were app l i ed  a t  t i l l e r i n g  near t he  end o f  February. 

F o r  t h e  on-fdrm t r i a l s ,  b e f o r e  t i l l e r i n g ,  near  t h e  end o f  February,  t h e  

f i n a l  a p p l i c a t i o n  of n i t r o g e n  was app l i ed  a t  t h e  r a t e s  o f  80 k g  o f  N/ha 

a t  Om Hoche, and 60 k g  o f  N/ha a t  Breda. P l o t s  were shaped i n t o  



fur rowed bas ins f o r  su r f ace  i r r i g a t i o n  f o l l o w i n g  sowing and 

f e r t i l i z a t i o n .  The wate r  balance method us ing  d a i l y  r a i n f a l l  and pan 

evapo ra t i on  was c a l c u l a t e d  t o  determine i r r i g a t i o n  schedul ing. 

4.6.2 Results 

The seasonal r a i n f a l l  (September th rough May) a t  Te l  Hadya was 315.1 

mm, a t  Breda 220 mm, and a t  Om Hoche 356 rrm. A f t e r  seeding, a 30 mm 

i r r i g a t i o n  was app l i ed  t o  a1 1 p l o t s  f o r  g e m i n a t i o n .  F o r  t h e  research 

managed t r i a l s  a t  T e l  Hadya and t h e  on-farm t r i a l s  a t  Breda, a t o t a l  o f  

4 i r r i g a t i o n s  were added. Tab le  34 shows t h e  a d d i t i o n  o f  wa te r  t o  t h e  

supplemental i r r i g a t i o n  t rea tments  d u r i n g  t h e  growing season. The 

Durum wheat p l a n t s  were under no mo i s tu re  s t r e s s  throughout  t h e  growing 

season a t  t h e  313 wa te r  balance t reatment .  A t  Om Hoche, t h e  t r i a l s  

were confounded by s u b i r r i g a t i o n  o f  wa te r  from h ighe r  ground and a l a c k  

o f  fa rmer  coopera t ion  w i t h  t h e  spec i f i ed  i r r i g a t i o n  regime; t h e r e f o r e ,  

these  data a r e  no t  presented. 

Table 34 Quantity o f  wa te r  (mm) added i n  4 a p p l i c a t i o n s  o f  
supplemental i r r i g a t i o n  f o r  t h e  1985/86 growing season a t  Te l  
Hadya and Breda 

R a i n f a l l  T o t a l  Added 
------------ ------------ 

I r r i g a t i o n  Te l  Water added a t  Supplemental T e l  
1 eve1 s Hadya Breda germina t ion  i r r i g a t i o n  Hadya Breda 

Rai  n fed  315.1 220 30 0 345.1 250 
113 WB 315.1 220 30 120 465.1 370 
213 WB 315.1 220 30 240 585.1 490 
313 WB 315.1 220 30 360 705.1 610 



Plant  heights shown in Table 35 f o r  Tel Hadya were measured a t  

na tur i ty .  The da ta  show t h a t  without nitrogen and supplemental 

i r r i g a t i o n  height was depressed, however, the re  was a  response t o  low 

leve l s  of nitrogen and low q u a n t i t i e s  of i r r iga t ion .  Sham I  reached a 

plant  height of 60 cm without i r r i g a t i o n  o r  nitrogen and about 90 cm 

d i t h  supplemental i r r i g a t i o n  and nitrogen. No lodging of the  p lants  

was observed with larger  amounts of nitrogen and supplqnental 

i r r i g a t i o n .  Plant heights  measured a t  Breda a re  shown in  Table 36. 

The level of supplemental i r r i g a t i o n  increased plant  height;  however, 

t h e  same resu l t  with Sham I  i s  shown where addit ional  supplemental 

i r r i g a t i o n  have l i t t l e  o r  no e f f e c t  on height. 

Table 35 Effect  of level of nitrogen (kg/ha) and supplemental 
i r r i g a t i o n  treatment (SIT) on plant  height (cm) of wheat, 
1/5/86 a t  Tel Hadya 

I r r i g a t i o n  levels  

Levels of nitrogen ( a )  
...................... I r r i g a t i o n  
None 70 140 210 means (b)  

Ra i  nfed 
113 Water balance 
213 Water balance 
313 Water balance 
Nitrogen means ( c )  

( a )  LSD, 5% among SIT f o r  same nitrogen level = 11 
among SIT f o r  d i f f e r e n t  nitrogen levels  = 14  

(b )  LSD, 5% = 5 ( c )  LSD, 5% = 11 

The ana lys i s  of variance showed: 
1. Levels of nitrogen - -  s i g n i f i c a n t  (F=4.87, df=3/6) 
2. Supplemental i r r i g a t i o n  treatments -- s i g n i f i c a n t  (F=15.30, df=3/9) 



Table 36 E f f e c t  o f  supplemental i r r i g a t i o n  t rea tment  (SIT) on p l a n t  
h e i g h t  o f  wheat a t  Breda, 11/5/1986 

P l a n t  h e i g h t  (cm) 
Supplemental I r r i g a t i o n  Mean Std. Dev. % Coef. Var. 

Ra i n f  ed 6 7 
1 /3  Water balance 81 
213 Water balance 8 5 
313 Water balance 90 

LSD, 5% = 6 

The a n a l y s i s  of v a r i a n ~ e  showed: 
Supplemental i r r i g a t i o n  t rea tments  - -  s i g n i f i c a n t  (F=27.0, d f=3 /9 )  

R e s u l t s  o f  da ta  analyses f o r  T e l  Hadya s t u d i e s  showed t h a t  o n l y  

supplemental i r r i g a t i o n  had a s i g n i f i c a n t  e f f e c t  on t h e  l e n g t h  o f  g r a i n  

head which ranged f r a n  4.1 cm t o  as much as 5.7 cm. The e f f e c t  o f  

n i t r o g e n  on l e n g t h  o f  g r a i n  head was no t  s i g n i f i c a n t .  T h i s  increased 

l e n g t h  o f  g r a i n  head undoubtedly c o n t r i b u t e d  t o  increased y i e l d s .  

Tab le  37 shows t h a t  a t  T e l  Hadya a sma l l  amount o f  supplemental 

i r r i g a t i o n  (113 wa te r  ba lance)  and t h e  a d d i t i o n  o f  70 kg/ha o f  n i t r o g e n  

had a s i g n i f i c a n t  e f f e c t  on s t raw weight.  The amount o f  s t raw 

increased f r a n  2.61 t / h a  w i t h o u t  i r r i g a t i o n  o r  n i t r o g e n  t o  as much as 

8.02 t / h a  w i t h  113 wate r  balance t rea tment  and 70 kg o f  N/ha. Straw 

we igh t  i s  a c r i t i c a l  component o f  wheat p roduc t i on  because s t raw may b e  

as impor tan t  t o  farmers as y i e l d s .  



T a b l e  37 E f f e c t  o f  l e v e l  o f  n i t r o g e n  (kg lha)  and supplemental 
i r r i g a t i o n  t rea tment  (S IT)  on s t raw weight  ( t l h a )  a t  Te l  
Hadya 

Leve l s  o f  N i t r ogen  (a) 
............................ I r r i g a t i o n  

I r r i g a t i o n  l e v e l s  None 70 140 210 means ( b )  

Ra in fed  2.61 5.00 3.62 4.05 3.81 
1/3 Water balance 3.87 6.42 5.63 6.77 5.67 
213 Water balance 4.56 8.02 8.01 5.97 6.64 
313 Water balance 3.82 7.31 7.54 7.73 6.60 
N i t r o g e n  means ( c )  3.71 6.68 6.20 6.13 

(a) LSD, 5% among SIT f o r  same n i t r o g e n  l e v e l  = 2.39; and 
among SIT f o r  d i f f e r e n t  n i t r o g e n  l e v e l s  = 2.40 

(b) LSD, 5% = 1.19 ( c )  LSD, 5% = 1.23 

The a n a l y s i s  o f  va r i ance  showed: 
1. Leve l s  o f  n i t r o g e n  - -  s i g n i f i c a n t  (F=12.11, d f=3 /6 )  
2. Supplemental i r r i g a t i o n  t rea tments  -- s i g n i f i c a n t  (f=10.06, d f=3 /9 )  

G r a i n  y i e l d  o f  Sham I a t  Te l  Hadya (Table 38) increased f rom 2.10 

t / h a  t o  as much as 8.64 t /ha .  G r a i n  y i e l d  maximized w i t h  70 k g  o f  N/ha 

and a t  t h e  113 wa te r  balance f o r  supplemental i r r i g a t i o n .  The response 

t o  n i t r o g e n  was s i m i l a r ,  where t h e  70 kg t rea tment  produced t h e  same 

g r a i n  and s t raw y i e l d  as t r ea tmen ts  o f  140 and 210 kg o f  N/ha. A t  

Breda, y i e l d s  increased f r a n  2.63 t / h a  t o  as much as 6.42 t / h a  (Table 

39). The d i f f e rences  i n  y i e l d  da ta  a t  Breda r e f l e c t  p l o t  v a r i a b i l i t y  

as shown by t h e  pe rcen t  c o e f f i c i e n t  o f  v a r i a t i o n ;  nonetheless, these  

increases i n  g r a i n  y i e l d  exceed t h e  government's suggested goal o f  f i v e  

t / h a  w i t h  supplemental i r r i g a t i o n .  



The percent  ha rves t  index a t  Te l  Hadya showed t h e  r e l a t i o n s h i p  as 

t h a t  o f  t h e  p rev ious  d a t a  f o r  supplemental i r r i g a t i o n  which averaged 

48.1%, w i t h  r a i n f e d  = 43.9%, however, t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  a t t r i b u t a b l e  t o  t h e  l e v e l s  o f  n i t rogen .  At Breda, t h e  

average ha rves t  index percentage = 34.9% b u t  was no t  s i g n i f i c a n t l y  

d i f f e r e n t  f o r  supplemental i r r i g a t i o n .  

Table 38 Ef fect  o f  l e v e l  o f  n i t r o g e n  (kg/ha) and supplemental 
i r r i g a t i o n  t rea tment  (S IT)  on y i e l d  o f  g r a i n  ( t / h a )  a t  Te l  
Hadya 

Leve l s  o f  N i t r o g e n  (a)  
...................... I r r i g a t i o n  

I r r i g a t i o n  l e v e l s  None 70 140 210 means (b)  

Ra i n f  ed 2.10 3.56 2.74 3.46 
1/3 Water balance 3.37 8.64 5.03 6.23 
2/3 Water balance 4.26 7.10 7.18 6.50 
3/3 Water balance 3.53 6.36 6.10 6.17 
N i t r o g e n  means ( c )  3.32 6.41 5.26 5.59 

(a)  LSD, 5% among SIT f o r  same n i t r o g e n  l e v e l  = 2.14; and 
among SIT f o r  d i f f e r e n t  n i t r o g e n  l e v e l s  = 2.25 

(b)  LSD, 5% = 1.07 ( c )  LSD, 5% = 1.28 

The a n a l y s i s  o f  va r i ance  showed: 
1. Leve l s  o f  n i t r o g e n  -- s i g n i f i c a n t  (F=10.81, d f=3/6)  
2. Supplemental i r r i g a t i o n  t rea tments  -- s i g n i f i c a n t  (F=15.7, d f  3/9) 



Table 39 E f f e c t  o f  supplemental i r r i g a t i o n  t rea tment  (S IT)  on y i e l d  
o f  g r a i n  ( t / h a )  f o r  on-farm t r i a l s  a t  Breda 

Wheat y i e l d  ( t / h a )  
I r r i g a t i o n  l e v e l s  Means Std. Dev. % Coef. Var. 

Ra i n f  ed 2.63 0.86 
1/3 Water balance 5.55 1.18 
2/3 Water balance 6.42 0.81 
3/3 Water balance 4.02 1.86 

LSD, 5% = 1.68 

The a n a l y s i s  o f  va r i ance  showed: 
Supplemental i r r i g a t i o n  t rea tment  - -  s i g n i f i c a n t  (F=11.86, d f  3/6) 

4.6.3 Agro-Econcmic Survey Results 

P r e l i m i n a r y  d a t a  c o l l e c t i o n  were completed a t  l o c a t i o n s  i n  Aleppo 

prov ince,  1985, and A1 Hassakeh p rov ince ,  1986: 

1. Mare'a s u b d i s t r i c t ,  45 km n o r t h  o f  Aleppo 

2. Te l  Dhaman s u b d i s t r i c t ,  45 km southeast o f  Aleppo 

3. Kahtanyeh s u b d i s t r i c t ,  20 km east o f  Kamishly; and 

4. Te l  Brack s u b d i s t r i c t ,  40 km n o r t h  o f  A1 Hassakeh. 

Severa l  techniques and i n f o r m a t i o n  sources were used: o f f  i c i  a1 

documents, f i e l d  observa t ions ,  i n f o r m a l  i n t e r v i e w s  w i t h  farmers and 

governmental o f f i c i a l s ,  a g r i c u l t u r a l  machinery dea le r s ,  and we1 1 

d r i l l  i n g  p ro fess iona l s .  The impact of water  management on r a i n f e d  

fa rming  systems a t  t h e  f o u r  s tudy s i t e s  i s  impor tan t  a g r i c u l t u r a l l y ,  

economical l y ,  and s o c i a l  l y .  



Water suppl i e s  were a v a i l a b l e  f rom b o t h  su r f ace  and groundwater 

sources a t  t h e  s tudy s i t e s ,  w i t h  t h e  excep t ion  o f  Mare'a where o n l y  

groundwater was ava i l ab le .  Depth t o  groundwater was lower  a t  t h e  A1 

Hassakeh s i t e s  (50-120 m) t h a n  a t  t h e  Aleppo s i t e s  (30-80 m). However, 

3 wa te r  f l o w  c a p a c i t y  o f  t h e  w e l l s  was l ess  i n  Aleppo (30-50 m / h r )  than  

3 i n a1 Hassakeh (40-60 m /h r ) .  

Table 40 General i n f o r m a t i o n  on wa te r  management a t  t h e  f o u r  s tudy  
s i t e s  

D e t a i l s  

A1 eppo A1 Hassakeh ------------------ -------- ------------ 
Mare'a Te l  Dhaman Kahtanyeh Tel  Brack 

I r r i g a t e d  area, ha  2,830 7,000 6,569 10,850 
X T o t a l  c u l t i v a t e d  area 16 8 8 9 
T o t a l  No. o f  v i l l a g e s  19 114 16 5 24 7 
V i l l a g e s  w i t h  i r r i g a t i o n  15 52 40 128 

Water source: s u r f a c e  No Yes Yes Yes 
groundwater Yes Yes Yes Yes 

No. o f  we1 1 s  459 150 24 0 462 
Depth o f  wa te r  t a b l e ,  m 30-80 50-60 50-120 60-70 
Pumping depth, m 3 40-100 70-80 80-150 150 
Water f l o w  capac i ty ,  m / h r  30-50 30-40 40-60 40-50 

No. o f  i r r i g a t i o n s / s e a s o n :  
Wheat, normal r a i  n f a l  1  3 -4 3-4 3-4 3 -4 

l o w  r a i n f a l l  4-5 4-5 4-5 4-5 
h i g h  r a i n f a l l  2-3 2-3 2-3 2-3 

Faba bean 3 -6 1-3 ---- no crop----  
W i n t e r  vegetables 2-3 2-3 3-4 3-4 
Maize and sesame 4-6 4- 6 5- 7 5-7 
Co t t on  12-15 12-1 5 15-16 15-16 

Al though summer crops a r e  g i ven  more i r r i g a t i o n s  per  season i n  A1 

Hassakeh than  Aleppo, w i n t e r  c rops  r e c e i v e  t h e  same number o f  



supplemental i r r i g a t i o n s .  General i n f o r m a t i o n  on water  management i s  

presented i n  Tab le  40. 

W i t h  supplemental i r r i g a t i o n ,  fa1  low ing  was e l i m i n a t e d  and 

c ropp ing  i n t e n s i t y  inc reased  from 65 t o  100% w i t hou t  i r r i g a t i o n  t o  a 

minimum cropping i n t e n s i t y  o f  105% a t  Aleppo and 114% a t  A1 ,Hassakeh. 

New p r o f i t a b l e  cash crops (vegetables,  co t ton ,  maize, etc.)  have been 

in t roduced and t h e  t o t a l  c u l t i v a t e d  area has increased f o r  summer crops 

by more than  50% f r a n  a smal l  area p r e v i o u s l y  p l an ted  t o  melons b u t  now 

p lan ted  t o  a wide v a r i e t y  o f  crops. New improved and h i g h  y i e l d i n g  

v a r i e t i e s  o f  mast crops have becane a v a i l a b l e  and a re  now i n t e n s i v e l y  

grown by farmers i n  b o t h  provinces. Adopt ion o f  o t h e r  c a p i t a l  i n p u t s  

such as machinery, f e r t i l i z e r ,  herb ic ides ,  and p e s t i c i d e s  have 

inc reased  w i t h  wate r  management (Tab le  41). 



Table 41  Comparisons o f  agronomic p r a c t i c e s  used f o r  supplemental 
i r r i g a t i o n  and r a i n f e d  farming f o r  Aleppo and A1 Hassakeh 
p rov inces ,  S y r i a  

D e t a i  1 s 

Aleppo A1 Hassakeh 
- - -  ---- -------- ---- --- ---- ---- -------- ---- 
S I  Ra i n f  ed S I Rai n fed 

Cropping i n t e n s i t y  , % 10 5 
W in te r  crops, % 5 0 
Summer crops, % 55 
Fa l low,  % 0 

Wheat c u l t i v a t i o n :  
V a r i e t y  Improved 
Seeding method Mechanical 
Seeding r a t e  120-150 

150-180 
Seeding date Dec-Jan 

F e r t i l i z e r  a p p l i c a t i o n  N, 150 
P205, 100 

Y i e l d ,  t l h a  
Improved v a r i e t i e s  4-6 
Local  v a r i e t i e s  2 -3 

Local  
Manual 

100-120 
Not Grown 

Nov-Dec 

Improved Local  
----Mechanical- 

120 150'- 
150-200 120-1404 

Jan Oct-Nov 

1 Mare'a s u b d i s t r i c t ;  2 Te l  Dhaman s u b d i s t r i c t ;  
3 Kahtanyeh s u b d i s t r i c t ;  4 T e l  Brack s u b d i s t r i c t .  

W i t h  supplemental i r r i g a t i o n ,  t h e  r i s k  assoc ia ted  w i t h  

a g r i c u l t u r a l  p roduc t ion  decreased and l a r g e r ,  and fanners claimed, more 

s t a b l e  y i e l d s  were obtained. F o r  example, wheat y i e l d s  increased f rom 

an average e f  1.5 t f h a  w i t h  r a i n f e d  fa rming  t o  3 t f h a  i n  A1 Hassakeh 

and 5 t f h a  i n  Aleppo w i t h  supplemental i r r i g a t i o n .  S i m i l a r  y i e l d  

inc reases  were ob ta ined  f o r  bar ley ,  faba  bean, vegetables and summer 



crops. A q u a n t i t a t i v e  assessment o f  t h e  impact o f  supplementary 

i r r i g a t i o n  on y i e l d  s t a b i l i t y  w i l l  be  made through v i l l a g e  surveys i n  

t h e  coming season. 

Supplemental i r r i g a t i o n  had an e f f e c t  on animal p roduc t i on  a t  a1 1 

s tudy loca t ions .  Sheep a r e  t h e  p r i n c i p a l  animal f o r  p roduc t ion ;  

however t h e r e  a r e  fewer  sheep on farms t h a t  use supplemental i r r i g a t i o n  

t h a n  on farms o f  comparable s i ze  t h a t  do not. To ta l  number o f  sheep 

w i t h i n  each s u b - d i s t r i c t  was 150,000 a t  Kahtanyeh, 110,000 a t  Te l  

Brack, 100,000 a t  Te l  Dhaman, and 12,000 a t  Mare'a. Whi le  supplemental 

i r r i g a t i o n  had no e f f e c t  on d a i r y  c a t t l e  p roduc t i on  i n  A1 Hassakeh, t h e  

number o f  d a i r y  c a t t l e  increased i n  Aleppo. The number o f  d a i r y  c a t t l e  

a t  each s u b d i s t r i c t  were 3,000 a t  Kahtanyeh, 900 a t  Te l  Brack, 100 a t  

T e l  Dhaman, and 180 a t  Mare'a. Forage crops were r a r e l y  grown i n  t h e  

s tudy areas and those  farmers u s i n g  supplemental i r r i g a t i o n  d i d  not  

i nc rease  t h e  f o rage  product ion.  Recent ly ,  t h e  government has 

encouraged fo rage  c rop  p roduc t i on  by p r o v i d i n g  farmers w i t h  seed, 

mechanical harves t ing ,  and marke t ing  o p p o r t u n i t i e s .  

Ne t  income p e r  hec ta re  o f  supplemental i r r i g a t i o n  fa rming  was 3 

t o  5 t imes  t h a t  o f  r a i n f e d  fa rming  i n  A1 Hassakeh and 6 t o  10 t imes  

t h a t  i n  Aleppo. The d i f f e r e n c e  i n  n e t  income o f  t h e  two p rov inces  

rece ived  from supplemental i r r i g a t i o n  fann ing  can be a t t r i b u t e d  t o  (1 )  

h i g h e r  p r o d u c t i v i t y  achieved b y  Aleppo farmers, and ( 2 )  g r e a t e r  

p roduc t i on  o f  vegetables and o t h e r  p r o f i t a b l e  crops w i t h  b e t t e r  

marke t ing  c o n d i t i o n s  i n  A1 eppo. 

Where t h e r e  i s  supplemental i r r i g a t i o n ,  m i g r a t i o n  ( temporary and 

permanent) decreased t o  a minimum o r  even ceased i.n some cases. 



Supplemental i r r i g a t i o n  a1 so gave higher y ie lds  and a  g r e a t e r  cropping 

i n t e n s i t y  r a t i o ,  which resulted i n  substant ia l  ly g r e a t e r  and more 

s t a b l e  incanes. Be t t e r  marketing condit ions of agr icu l tu ra l  

commodi t i e s  a1 so appeared t o  be associated with areas  where 

supplemental i r r i g a t i o n  was widely practiced. 

4.6.4 Conclusions 

In a l l  measurements f o r  t h e  Sham I va r ie ty  of Durum spring wheat, t h e  

1 /3  water balance of supplemental i r r i g a t i o n  produced t h e  same y ie ld  as 

increased amounts of i r r i g a t i o n ,  i .e. ,  213 water balance and 313 water 

balance. The 30 mm of water added t o  a1 1  p l o t s  t o  ensure germination 

may have contributed t o  t h e  increase  in  y ie ld  f o r  t h e  rainfed 

treatments. In addi t ion ,  a t  Tel Hadya, t h e  lower level of ni trogen (70 

kglha) produced t h e  same y i e l d  as increased amounts of ni trogen,  i.e., 

140 and 210 kglha. These da ta  show t h a t  scheduling of supplemental 

i r r i g a t i o n  of a t  l e a s t  30 mm per  applicat ion i s  more important than t h e  

quant i ty  of water applied. Also, when nitrogen i s  applied a s  30 kglha 

a t  planting time and 40 kg/ha before t i 1  ler ing (near mid-February in  

Aleppo province) f u r t h e r  addi t ions  of nitrogen may not be benef ic ia l .  

With supplemental i r r i g a t i o n ,  rural  famil ies  have b e t t e r  1  iving 

condit ions and genera1 welfare,  b e t t e r  housing, more valuable and 

comfortable f u r n i t u r e ,  access t o  agr icu l tu ra l  machinery, t r anspor t  

vehic les ,  TV s e t s  and o the r  e l e c t r i c a l  f a c i l i t i e s .  

Direc tora te  of I r r i g a t i o n  and Water US*: G. Soumy, R. El Shayeb; S o i l s  

Directora te :  T. Khadra; ICARDA: E. P e r r i e r ,  A.B. Salkini 



TRAINING AND AGROTECHNOLOGY TRANSFER 

During t h e  1985/86 season a number of t r a in ing  a c t i v i t i e s  were 

carr ied  out by FSP s t a f f .  These a c t i v i t i e s  wi l l  be d e t a i l e d  i n  t h e  

following sect ions .  

5.1 CONTRIBUTION TO OTHER PROGRWS' 

RESIDEHTIAL TRAINIWG COllRSES 

These courses were offered by C P ,  FLIP and PFLP. As in previous years ,  

FSP s t a f f  contr ibuted t o  these  courses through: (1) l ec tu res  and 

p r a c t i c a l s  on approaches t o  FSR and (2 )  lec tures  and p rac t i ca l s  on weed 

control  pr inciples  and methodology. 

5.2 FSP RESIDEHTIAL TRAINING COWSE 

The f i r s t  FSP Annual Residential Training Course was held during the 

period 15 February - 5 Apri l ,  1986. The object ives  of t h i s  course were 

(1) t o  introduce personnel from the  region 's  national ag r icu l tu ra l  

research progranis t o  FSR approach, ( 2 )  t o  provide pa r t i c ipan t s  with 

sound technical  knowledge in t h e i r  chosen f i e l d s  of ag r icu l tu ra l  

research and ( 3 )  t o  promote contacts  and information exchange between 

ICARDA and national programs. The course was attended by 19 

pa r t i c ipan t s  representing 1 2  countr ies  of the  region. These countr ies  

included Pakistan, I ran ,  I raq ,  Jordan, Turkey, Morocco, Tunisia,  Libya, 

Sudan, Ethiopia, Saudi Arabia and North Yemen. 



5.3 SHORT COURSES 

Two sho r t  courses were h e l d  d u r i n g  t h e  season. The f i r s t  was t h e  S o i l  

and P l a n t  Analyses T r a i n i n g  Course which was h e l d  a t  T e l  Hadya d u r i n g  

t h e  p e r i o d  12-24 January, 1986. The course o b j e c t i v e s  were: ( 1 )  t o  

p rov ide  p a r t i c i p a n t s  w i t h  sound t e c h n i c a l  knowledge i n  methods o f  s o i l  

and p l a n t  ana lys is ,  ( 2 )  t o  compare t h e  methods o f  a n a l y s i s  commonly 

used i n  t he  reg ion  and ( 3 )  t o  c o r r e l a t e  r e s u l t s  o f  s o i l  analyses w i t h  

p l a n t  response. The course was at tended by 9 p a r t i c i p a n t s  f rom 5 

c o u n t r i e s  o f  t h e  r e g i o n  namely Syr ia ,  Jordan, Egypt, T u n i s i a  and 

Morocco. 

The second course was an i n - c o u n t r y  t r a i n i n g  a c t i v i t y  h e l d  i n  

A l a t a ,  Turkey d u r i n g  t h e  p e r i o d  24-28 March, 1986. The course 

addressed t h e  t o p i c  "Economics i n  A g r i c u l t u r a l  Research". The 

o b j e c t i v e  o f  t h e  course was t o  promote i n t e r d i s c i p l i n a r y  research  w i t h  

a fa rming  systems perspec t i ve .  It was at tended b y  17 T u r k i s h  

p a r t i c i p a n t s .  

5.4 WORKSHOPS 

Three workshops were h e l d  du r i ng  t h e  season. The f i r s t  was t h e  T h i r d  

ICARDA Regional Farming Systens Workshop f o r  West As ia  and No r th  A f r i c a  

which was h e l d  a t  NARC i n  Islamabad d u r i n g  t h e  p e r i o d  7-10 A p r i l ,  1986. 

The o b j e c t i v e  o f  t h i s  workshop was t o  f a m i l  i a r i z e  t h e  p a r t i c i p a t i n g  

group w i  th r  each o the rs '  percep t  i o n s  o f  FSR by out1 i n i n g  c u r r e n t  

programs o f  research. The workshop was sponsored b y  PARC, CIDA, 

ICARDA, USAID and Ford Foundation. It was at tended by 35 p a r t i c i p a n t s .  



The second one was t h e  I n t e r - C e n t e r  Workshop on "Agro-Ecolog ica l  

Cha rac te r i za t i on ,  C l a s s i f i c a t i o n ,  and Mapping." It was h e l d  a t  FA0 

premises, Rome d u r i n g  t h e  p e r i o d  14-18 A p r i l ,  1986. The purpose o f  t h e  

workshop was: ( 1 )  t o  compare o b j e c t i v e s ,  expec ta t ions  and need o f  t h e  

IARC1s i n  t h e  f i e l d  o f  agro -eco log ica l  c h a r a c t e r i z a t i o n ,  c l a s s i f i c a t i o n  

and mapping, ( 2 )  t o  examine a p p l i c a b l e  methodologies and (3)  t o  exp lo re  

t h e  p o s s i b i l i t i e s  o f  coopera t ion  between IARC's and o t h e r  i n s t i t u t i o n s  

th rough t h e  shar ing  o f  da ta  and methods. The workshop was sponsored by 

a  number o f  agencies, organized by IARC1s o f  t h e  CGIAR i n  c o l l a b o r a t i o n  

w i t h  FA0 and was at tended by 67 p a r t i c i p a n t s .  

The t h i r d  workshop was h e l d  i n  Aleppo du r i ng  t h e  p e r i o d  23-25 

June, 1986. It addressed t h e  t o p i c  " S o i l  Tes t  C a l i b r a t i o n " .  The 

o b j e c t i v e s  o f  t h e  workshop were: (1) t o  f a c i l  i t a t e  p r o f e s s i o n a l  

con tac t s  anong s c i e n t i s t s  i n  t h e  r e g i o n  who a r e  conduct ing research  on 

c a l i b r a t i o n  o f  s o i l  t e s t s  by f i e l d  experiments under r a i n f e d  

cond i t i ons ,  (2)  t o  c r i t i c a l l y  review, d i scuss  and eva lua te  t h e  p rev ious  

work accomplished i n  t h e  r e g i o n  on s o i l  t e s t  c a l i b r a t i o n  c a r r i e d  ou t  

w i t h  t h e  s p e c i f i c  purpose o f  c o r r e l a t i n g  t h e  r e s u l t s  o f  s o i l  a n a l y s i s  

i n  t h e  l a b o r a t o r y  t o  expected f e r t i l i z e r  response i n  t h e  f i e l d  and (3)  

t o  formulate g u i d e l i n e s  f o r  r eg iona l  exper imenta t ion  and f u t u r e  

coope ra t i ve  work need among c o u n t r i e s  o f  t h e  reg ion.  The workshop was 

funded by ICAROA, IDRC and MIAC (Morocco) P r o j e c t  and was at tended by 

20 p a r t i c i p a n t s .  



5.5 INDIVIDUAL TRAINING 

Dur ing  1985186 season t h e  FSP s t a f f  were assoc ia ted w i t h  t h e  

s u p e r v i s i o n  o f  10 pos tg raduate  s tuden ts :  6  MSc and 4 PhD. Three o f  

these  j o i n e d  t h e  program d u r i n g  1985186 season and t h e  remain ing 

candidates were c o n t i n u i n g  from prev ious  seasons. S i x  o f  these  

postgraduate s tuden ts  w i  11 f i n i s h  t h e i r  s t u d i e s  be fo re  t h e  beg inn ing  o f  

1987. Names, degrees, coope ra t i ng  u n i v e r s i t i e s  and t h e s i s  t o p i c s  o f  

these  s tudents  a re  g iven i n  Table 42. 

Tab le  42 I n d i v i d u a l  - t r a i n i ng ,  degree- re la ted  

Name :Country :Degree: Cooperat ing : Thes is  Top ic  
: U n i v e r s i t y  : 

A. Wahbi : S y r i a  : PhD :Reading, U.K. :Bar ley  r o o t  development 

N. Mona : S y r i a  : PhD :Texas A&M, USA/:Structure and p r i c e  
:Aleppo, S y r i a  :responsiveness ( b a r l e y )  

Y. Sabet : S y r i a  : PhD :Par is ,  France : R a i n f a l l  i n t e n s i t y l s o i l  
:e ros ion  

U. Marz :Germany: PhD :Hohenheim, :Economics o f  i n t e n s i f i e d  
:Germany :sheep and c rop  p roduc t i on  

S. Dozom : S y r i a  : MSc :Aleppo, S y r i a  : T i l l a g e ,  w e d  c o n t r o l  and 
: f e r t i l i z a t i o n  e f f e c t s  

O.B. Shoaib :S.Yemen: MSc :Aleppo, S y r i a  :Herb ic ide  and f e r t i l i z e r  
: e f f e c t  on wheat 

T. E l -Masr i  :Jordan : MSc :Jordan :Eva1 u a t i o n  o f  c u l t u r a l  
: p r a c t i c e s  on f o rage  legumes 

G.A. Karak i  :Jordan : MSc :Jordan :Response o f  l e n t i l  t o  
:drought 

H.M. Dahroug:S.Yemen: MSc :Aleppo, S y r i a  :Wheat agronomy 

F.S. Yous i f  : Sudan : MSc :Gezira, Sudan : Faba bean marke t ing  i n  



A number o f  nondegree-re1 a ted  i n d i v i d u a l  t r a i n i n g  programs were 

conducted d u r i n g  t h e  1985/86 season. The t r a i n i n g  per iods  ranged from 

1 week t o  1 year .  Names o f  p a r t i c i p a n t s ,  coun t r i es ,  s u b j e c t  and 

d u r a t i o n  o f  these t r a i n i n g  courses a r e  g iven  i n  Table 43. 

- -- -- - - 

Table 43 I n d i v i d u a l  t r a i n i n g ,  nondegree-re1 ated 

Name 

- - 

Country Sub jec t  D u r a t i o n  

A. Rashed 
K. Mahmood 
M. I s l a m  
A. A l i  Saeed 
M.E. Mourid 
F. Jarkas (Mrs.) 
S. Masr i  (Ms.) 
M. Azhar i  (Ms.) 
B. El-Bunny (Ms.) 
Y. Kha la f  

Paki Stan 
Paki Stan 
Pak i s tan  
N. Yemen 
Morocco 
S y r i a  
S y r i a  
S y r i a  
S y r i a  
S y r i a  

F i e l d  exper imentat i o n  
A g r i c u l t u r a l  econanics 
Soi 1 f e r t i  l i t y  
F i e l d  exper imenta t ion  
Crop model use 
S o i l  & p l a n t  a n a l y s i s  
Weed c o n t r o l  
S o i l  m i s t u r e  
Data a n a l y s i s  
On-farm f e r t i l i t y  

t r i a l s  

3 weeks 
3 weeks 
2 weeks 
3 1/2 months 
3 weeks 
1 week 
1 week 
1 week 
4 months 
1 y e a r  

MISCELLANEOUS ACTIYITIES 

A number of s c i e n t i s t s  frm c o u n t r i e s  o f  t h e  reg ion  and elsewhere 

v i s i t e d  t h e  FSP d u r i n g  t h e  season and p a r t i c i p a t e d  i n  d i scuss ing  w i t h  

program s c i e n t i s t s .  S t a f f  a l so  p a r t i c i p a t e d  i n  p resen ta t  i o n  days and 

i n  t r a i n i n g  s tuden ts  from Aleppo U n i v e r s i t y .  

M. Bakhe i t  Said 
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