


INTRODUCTION 

Th is  p u b l i c a t i o n  presents the proceedings o f  a j o i n t  workshop h e l d  by 

the  S o i l s  Bureau o f  the  Syr ian M i n i s t r y  o f  A g r i c u l t u r e  and Agrar ian Reform 

and the  I n t e r n a t i o n a l  Center f o r  A g r i c u l t u r a l  Research i n  Dry Areas, Aleppo, 

Syr ia.  The workshop was designed t o  present and discuss i n  d e t a i l  recent  

research s tud ies  which have inves t iga ted  the  p o t e n t i a l  f o r  f e r t i l i z e r  use 

i n  dry land ba r ley  growing areas i n  regions experiencing a Mediterranean 

Climate, w i t h  p a r t i c u l a r  emphasis on phosphate f e r t i l i z e r .  

These proceedings represent t h e  f i r s t  stage o f  a j o i n t  S o i l s  Bureau / 
ICARDA Cooperative Research Program aimed a t  i n v e s t i g a t i n g  ways o f  

increas ing the  p r o d u c t i v i t y  and s t a b i l i t y  o f  t h e  Bar ley/L ivestock Farming 

Systems i n  Syria. 



i i 

L I S T  OF CONTENTS 

P a g e  No. 

MINUTES OF THE WORKSHOP . . . . . . . . . . . . . . . . . . .  1 

L I S T  OF PARTICIPANTS . . . . . . . . . . . . . . . . . . .  8 

AGENDA FOR WORKSHOP . . . . . . . . . . . . . . . . . . .  10 

P a p e r s  P r e s e n t e d  a t  W o r k s h o p :  

1. DRYLANO BARLEY PRODUCTION I N  NORTHWEST SYRIA:  

. . . . . . . . . . . . . . . . . . .  1 . S o i l s C o n d i t i o n s  1 2  

K. H a r m s e n  

2. DRYLAND BARLEY PRODUCTION I N  NORTHWEST SYRIA:  

11. T h e  C h e m i s t r y  a n d  F i x a t i o n  o f  P h o s p h o r u s  
i n  C a l c a r e o u s  S o i l s  . . . . . . . . . . . . . . . . .  4 2  

K. H a r m s e n  

3. THE INFLUENCE OF PRECIPITATION REGIME ON THE 
CROP MANAGEMENT OF DRY AREAS I N  NORTHERN SYRIA . . . .  68 

J. K e a t i n g e ,  M. D e n n e t t  a n d  J. R o d g e r s  

4 .  ROTATIONS AND Y IELD EXPECTATIONS I N  BARLEY 
PRODUCTION I N  SYRIA  . . . . . . . . . . . . . . . . . . .  86 

K. Some1 

5. FERTIL IZER AN0 WATER REQUIREMENTS OF BARLEY 
I N  CYPRUS . . . . . . . . . . . . . . . . . . . . . . . .  96 

P. O r p h a n o s  a n d  C. M e t o c h i s  

6. BARLEY PRODUCTIVITY OF RAINFED S O I L S  AS RELATED 
TO S O I L .  PRECIPITATION AND F E R T I L I Z A T I O N  I N  A 
P I L O T  AREA OF SYRIA  . . . . . . . . . . . . . . . . . . .  1 2 1  



iii 

Pa* No. 

7. THE RELATIONSHIP BETWEEN S O I L  CONTENT OF PHOSPHORUS 
AND THE RESPONSE OF WHEAT TO PHOSPHATE I N  RAINFED I 
AGRICULTURE . . . . . . . . . . . . . . . . . . . . . . . 138 

K. E l - H a j  

8. DRYLAND BARLEY PRODUCTION I N  NORTHWEST SYRIA:  

111. R e s p o n s e  t o  F e r t i l i z e r  A p p l i c a t i o n  . . . . . . . . . 151 

K. Ha r rnsen  

9. EFFECT OF PHOSPHATE F E R T I L I Z E R  ON ROOT GROWTH 
OF BARLEY AND I T S  EFFECT ON MOISTURE EXTRACTION . . . . . . 175 

P. G r e g o r y  

10 .  THE EFFECT OF F E R T I L I Z E R  ON WATER USE AND WATER 
USE EFFICIENCY OF BARLEY I N  DRYLANO REGIONS . . . . . . . 193 

P. C o o p e r  

11. COMBINED ANALYSIS OF MULT IPLE  SEASON -MULT IPLE  
LOCATION. SEED RATE-NITROGEN-PHOSPHORUS T R I A L S  . . . . . . 205 

K. Some1 



ACKNOWLEDGEMENTS 

Gra te fu l  thanks are extended t o  the  Workshop Organizing Comnittee 

o f  Dr G. Soumy and M r  Khazza'a El -Haj  ( S o i l s  Bureau) and Dr S. Ahmed 

and Dr P. Cooper (ICARDA) and t o  a l l  p a r t i c i p a n t s  who made such valuable 

c o n t r i b u t i o n s  through the  presenta t ion  o f  papers and d iscussion.  

Thanks are  a l s o  due t o  Dr S. Ahmed and M r  Abdul B a r i  S a l k i n i  fo r  

t h e i r  v i t a l  r o l e  i n  t r a n s l a t i o n  o f  papers and t o  Miss L e i l a  Brahimsha 

who typed them so accura te ly  and qu i ck l y .  

Special  thanks and g r a t i t u d e  a r e  extended t o  Dr Juma'a Abdul 

Karim, D i r e c t o r  o f  t h e  S o i l s  Bureau, and Dr Mohamed A. Nour, D i r e c t o r  

General of ICARDA whose guidance and support con t r i bu ted  so much 

towards t h e  success o f  t h i s  workshop. 



S o i l s  Bureau/ICARDA C o o p e r a t i o n  Programme 

MINUTES OF 

SOILS  BUREAU/ICARDA WORKSHOP 

ON F E R T I L I Z E R  USE 

I N  DRYLAND BARLEY-GROWING AREAS 

(26 - 29 M a r c h ,  1 9 8 4 )  

ICARDA, A l e p p o  

A p r i l ,  1 9 8 4  



S o i l s  Bureau/ICARDA C o o p e r a t i o n  Programme 

MINUTES OF 

SOILS  BUREAU/ICARDA WORKSHOP 

ON F E R T I L I Z E R  USE 

I N  DRYLAND BARLEY-GROWING AREAS 

(26 - 29 M a r c h ,  1 9 8 4 )  

ICARDA, A l e p p o  

A p r i l ,  1 9 8 4  



I. Introducion 

The workshop was organized by: (1) the So i l s  Bureau, M ins i t ry  of 

Agr icu l ture and Agrarian Reform, Syr ia and (2) the In ternat ional  Center 

f o r  Agr icu l tura l  Research i n  the Dry Areas (ICARDA), and hosted by the 

l a t t e r .  It aimed t o  review the  current research re la ted t o  f e r t i l i z e r  

use i n  dry land barley-growing areas, and t o  i n i t i a t e  an ef fect ive co- 

operative research programme between the So i l s  Bureau, ICARDA and any 

other potent ia l  i n s t i t u t e s  t ha t  might wish t o  cooperate. 

The i n v i t a t i o n  was extended t o  several part ies.  These are: the 

Min is t ry  o f  Planning, the l ln ivers i t y  o f  Aleppo, the Agr icu l tura l  Research 

Corporation (ARC), the Extension Bureau, the Arab Center f o r  Studies o f  

Ar id  Zones and Dry Lands (ACSAD), the Agr icu l tura l  Research I n s t i t u t e  o f  

Cyprus, and Reading Universi ty i n  the  United Kingdom. The l i s t  of 

par t ic ipants  appears i n  Annex 1. 

The meeting was opened by D r  Peter Goldsworthy, Deputy Di rector  

General, Research, who, on behalf o f  D r  Mohamed A. Naur (Director General 

o f  ICARDA), extended a warm welcome ta the  part ic ipants,  expressed pleasure 

t h a t  ICARDA through t h i s  meeting would have a new opportunity t o  enlarge 

and extend i t s  cooperation w i th  the nat ional  research programmes i n  Syria, 

and wished great success f o r  the meeting i n  achieving i t s  objectives. 

D r  Juma'a Abdul Karim, Di rector  So i l s  Bureau, responding t o  

D r  Goldsworthy's address thanked ICARDA f o r  hosting the meeting, expressed 

h i s  an t i c ipa t ion  f o r  a successful outcome and made a b r i e f  introduct ion t o  

the workshop. Then, D r  Peter Cooper, Leader, Farming Systems Research 

Program, presented the workshop detai ls.  



11. The Agenda 

~. .i'' . . .  . 

T& meeiing . .. i c f 6 p t e ' ~ ' t h b  . f o l l b w i n b  . hcjekdi (see Annex 2 f b r  more d e t a i l s )  ., 
~. , ,. . . ,  7 ,  . I .  ' .. . , . ~ 

( a )  Three. work sessions. i n  a d d i t l o n  t o .  t h e  f inaq session-and a f i e l d  d r i p  ., 

t o  Breda. area (35 tm.  solr tkeastAleppo) were conducted i n  . . th ree 

ef fec. t iuework*days (March-.27, 2 8 a n d  29. 1984.). . The work days star ted. .  

a t  08:30. h r  and ended a t  about 16:00 h r  w i t h  75'minutes b r e a k . f o r  co f fee  

and lunch. 

(b )  Eleven papers on research . .ac t i v i t i es  c l o s e l y  r e l a t e d  t o  the t o p i c  ;of  

majn. intere.st,  i . e .  f e r t i l i z e r  use i n  dry land ba r ley  growing area4 were ' 

presented and discussed. These are:-  . , ' 

paper 1 : So i l  conhi t i o n s  i n  Bar ley   owin^ in^ qreas o f  North West sy{ia. 
A . .  

By Or. Kar l  Harmsen, ICARDA. 

Paper 2: Chemical F i x a t i o n  o f  Phosphorus i n  Calcarious So i l s .  
. . . . .  .. 

~y D r ;  Karl H ~ ? ~ S ~ ~ , ' I C A R D A .  . ~ . ' 

, . 

, * ~. .. . . 
:, " . . . . 

--?apey 3 : The In f luence o f  R a i n f a l l  C-haracter ist ics on Crop Managenlent 

i n  Dry Areas o f  Nortern S y ~ i a :  . . . ' 

, . . . &.Dr.. Dyno Keat.inge, ICARDA. : ;. . 
.. ,. . 

Paper 4:  ~ o t a t i o n s  'and Y i e l d  ~ x ~ e c t a t i o n s  i n  Bar ley product ion i n  Syria. 

By D r .  Ku t lu  Somel, ICARDA. 

'Paper 5':' The. F e r t i l i z e r  (NP) atid 'water  Requirements o f  Bar ley  \ n  Cyprus. 
. , 

By D r .  P.1. Orphatios-; ' ~ y p h j ~ .  . . 

, ., . .. 
b - 

Paper 6 : (The w r i t t e n  t e x t  o f  the  paper presented- by D r .  Abdal lah :Matar, 

ACSAD was n o t  ava i l ab le  and w i l l  be sent l a t e r ) ,  however. 

D r .  Matar made an i n t e r e s t i n g  presenta t ion  on c o r r e l a t i o n  and 

regression models o f  ba r ley  y i e l d s  w i t h  respect  t o  several 

f a c t o r s  i nc lud ing  s o i l  n u t r i e n t s .  



Paper 7 :  The Re la t ionsh ip  Between S o i l  Content o f  Phosphorus and t h e  

Response o f  Wheat t o  Phosphorus i n  Rainfed Agr i cu l t u re .  

By M r .  Khazza'a El-Haj,  S o i l s  Bureau. 

Paper 8 : Bar ley  Response t o  F e r t i l  i z e r  Appl i c a t i o n s  i n  North West Syria. 

By Dr. Ka r l  Harmsen, ICARDA. 

Paper 9 :  E f f e c t  o f  Phosphorus F e r t i l i z e r  on Root Growth o f  Bar ley  and 

i t s  E f f e c t  on Moisture Ex t rac t i on .  

By Dr. P.J. Gregory, Reading Un ive rs i t y ,  England. 

Paper 70: The E f f e c t  of F e r t i l i z e r  on Water Use and Water Use E f f i c i e n c y  

of Bar ley i n  Dryland Regions. 

By Dr. Peter  Cooper, ICARDA. 

Paper 11: Combined Analys is  o f  M u l t i p l e  Season - M u l t i p l e  Locat ion  Seed 

Rate - Ni t rogen - Phosphorus T r i a l s .  

By D r .  Ku t l u  Somel, ICARDA. 

( c )  A l l  papers (except t h a t  of D r .  Orphanos) were w r i t t e n  i n  both Eng l ish  

and Arabic. Speakers were a l lowed 45 minutes each f o r  p resenta t ion  

and discussions. 

(d )  The sessions were cha i red  as fo l l ows : -  

Session 1 :  Dr. Juma'a Abdul Karim, S o i l s  Bureau. 

Session 2:  Dr. Mohamed A. Abdul Salam, ACSAD. 

Session 3 :  Dr. Mohamed Rashid Kanhar. ARC. 

F i n a l  Session: I t  was planned t h a t  Dr. Geof f ry  Hawtin (Deputy D i r e c t o r  

General Outreach, ICARDA) t o  c h a i r  t h i s  session, and due 

t o  h i s  absence (ou ts ide  Sy r ia )  the  session was cha i red  

by Dr. Samir Ahmed (ICARDA). 



(e) The f i e l d  t r i p  t o  Breda area (35 km Southeast Aleppo) was c a r r i e d  

o u t  09:OO - 12:OO Wednesday128 March. The main o b j e c t i v e  o f  the 

t r i p  was t o  v i s i t  ICARDA's t r i a l s  conducted on a t y p i c a l  d ry land 

ba r ley  - growing area, and p a r t i c u l a r l y  t o  observe t h e  e f f e c t  o f  

f e r t i l i z e r  use on bar ley .  

111. The F ina l  Session: Conclusions and Recommendations 

The c l o s i n g  session s t a r t e d  w i t h  a general d iscussion on the  papers 

presented and t h e  f i e l d  t r i p ,  and ended w i t h  the fo rmula t ion  o f  bas ic  

o u t l i n e s  f o r  the proposed cooperat ive research p ro jec t .  

The f o l l o w i n g  p o i n t s  were c l e a r  and approved by  t h e  p a r t i c i p a t i n g  

p a r t i e s  o f  the  workshop: 

1. A l l  papers presented i n  t h e  meeting (and o the r  l i t e r a t u r e  work o f  

relevance) have shown t h a t  i n  many dry land ba r ley  - growing areas, 

d e f i c i e n c i e s  o f  s o i l  n i t r o g e n  and phosphorus occur which can g r e a t l y  

reduce g r a i n  and straw y i e l d s .  As a r e s u l t  o f  these def ic ienc ies ,  

pronounced and economic responses t o  f e r t i l i z e r ,  e s p e c i a l l y  phosphate 

are  o f t e n  observed, even a t  q u i t e  low l e v e l s  of app l i ca t i on .  However, 

due t o  marked year t o  year  v a r i a t i o n  i n  r a i n f a l l  t o t a l s  and seasonal 

va r i a t i ons ,  d ry land farmers are very  caut ious  about adopt ing a management 

p r a c t i c e  which they f e e l  might f u r t h e r  add t o  the  i n s t a b i l i t y  o f  t h e i r  

crop product ion  systems. 

2. I t  w i l l  be very f r u i t f u l  t o  i n i t i a t e  and implement a cooperat ive research 

programme (between S o i l s  Bureau, ARC, ACSAD, ICARDA and any o ther  p o t e n t i a l  

i n s t i t u t e s )  t o  f u r t h e r  examine t h e  quest ion o f  f e r t i l i z e r  a p p l i c a t i o n  on 

d ry land  ba r ley  - growing areas. This  research programme i s  assumed t o  cover 

l o c a t i o n s  agro-c l  imat ica l  l y  r e p r e s e n h t i v e  t o  a l l  d ry land ba r ley  - growing , 
areas i n  Syria. It i s  a l s o  envisaged t h a t  the  cooperat ive programme must ;  

have a moderate s t a r t  which might  grow and develop by t ime. Out l ines  o f  

the  proposed programme are shown below under Clause I V .  



3 .  ACSAD p a r t i c i p a t i o n  i n  the  proposed research programne i s  bent  t o  

i t s  D i r e c t o r  General ' s  approval which w i l l  be sought f o r  o f f i c i a l l y  

by t h e  M i n i s t r y  o f  A g r i c u l t u r e  and Agrar ian  Reform. 

4. W i t h i n  a 1-2 month pe r iod  o f  t ime another meeting w i l l  be h e l d  between 

t h e  p a r t i e s  a c t u a l l y  p a r t i c i p a t i n g  i n  t h e  cooperat ive research programme 

t o  f i n a l i z e  d e t a i l e d  aspects o f  the  programme. 

5. Proceedings o f  the workshop and a l l  papers presented w i l l  l a t e r  be 

pub1 ished by ICARDA i n  Engl ish and Arabic. 

6. S c i e n t i s t s  o f  the  S o i l s  Bureau and ARC expressed t h e i r  i n t e r e s t  i n  

r o t a t i o n  t r i a l s  and supplementary i r r i g a t i o n .  They recommendedthat 

these research areas can be the  sub jec t  f o r  f u t u r e  cooperat ion w i t h  

ICARDA and ACSAD. 

Dr. Cooper (ICARDA) i nd i ca ted  t h a t  ICARDA i s  very  i n t e r e s t e d  i n  these 

two research areas; t h a t  our r o t a t i o n s  research programme has been 

es tab l ished several years ago, and an i n t e r n a t i o n a l  workshop w i l l  be 

h e l d  a t  ICARDA's headquarters nex t  year (1905), t h a t  a l l  the p a r t i c i p a n t s  

i n  the Bar ley  Workshop w i l l  be i n v i t e d  t o  p a r t i c i p a t e  i n  the Rotat ions 

Workshop. He a l s o  b r i e f e d  ICARDA's recent  endeavours t o  i n i t i a t e  a 

research programme on supplementary i r r i g a t i o n ;  t h a t  Dr. Arar,  an exper t  

i n  water resources management was i n v i t e d  by ICARDA t o  study and prepare 

documents re levan t  t o  water resources and supplementary i r r i g a t i o n  i n  

ICARDA's mandate count r ies .  This  document i s  designed t o  he lp  the  

i n i t i a t i o n  and establ ishment  o f  a research programme on supplementary 

i r r i g a t i o n .  However, the  e f f e c t i v e  involvement o f  ICARDA i n  t,he 

supplementary i r r i g a t i o n  research i s  n o t  expected t o  s t a r t  be fore  1985. 



7. The p a r t i c i p a n t s  agreed tha t ,  i n  general, the  dry land regions have, 

so fa r ,  received a  very l i t t l e  a t t e n t i o n  and cons idera t ion  w i t h  respect  

t o  na t iona l  p lanning and resources a l l o c a t i o n ,  and w i t h  regard t o  

a g r i c u l t u r a l  research. That more a t t e n t i o n  and considerat ion s h o ~ l d  

be d i r e c t e d  t o  these areas. 

8. F i n a l l y ,  D r .  Samir Ahmed (Chairman o f  the  f i n a l  session), D r .  Abdul 

Salam (ACSAD) and D r .  Orphanos (Cyprus) expressed t h e i r  warm f e e l i n g s  

and thanks t o  the  p a r t i c i p a n t s  f o r  t h e i r  e f f e c t i v e  and valuable 

con t r i bu t i ons  t o  the  success o f  the  workshop, and t o  ICARDA f o r  i t s  

generous h o s p i t a l i t y .  

9. Closing the  f i n a l  session D r .  Juma'a Abdul Karim (D i rec to r  S o i l s  Bureau) 

summarized the  workshop discussions and conclusions, and on beha l f  o f  

the M i n i s t r y  o f  A g r i c u l t u r e  and Agrarian Reform, Syria, extended deep 

thanks and g r a t i t u d e s  t o  ICARDA, ACSAD and a l l  na t iona l ,  reg iona l  and 

i n t e r n a t i o n a l  i n s t i t u t e s  t h a t  a c t i v e l y  c o n t r i b u t e  t o  the  a g r i c u l t u r a l  

research and development on Syr ia.  

'IV. Out l ines  o f  the Proposed Cooperative Research Programme 

The fo l lowing t r i a l  o u t l i n e  was proposed as a  veh ic le  by which ba r ley  

responses t o  phosphate and n i t rogen  f e r t i l i z e r  cou ld  be r e l a t e d  t o  s o i l  cond i t ions  

and r a i n f a l l .  A 5x5 f a c t o r i a l  was suggested w i t h  N r a t e s  0, 15, 30, 45, 60 kg/ha 

and P205 r a t e s  o f  0, 20, 40, 60, 80 kg/ha. I t  was proposed t h a t  each cpoperat ing 

i n s t i t u t e  would be responsib le f o r  a  g iven bar ley  growing area i n  Syria! and would 

ca r ry  out  such a  t r i a l  a t ,  a t  l e a s t ,  10 l o c a t i o n s  i n  each area. P r i o r  t o  

p lan t ing ,  s o i l  amples would be taken from each s i t e  f o r  the  depths 0-20' and 

20-40 cm and r o u l d  be analysed f o r  a v a i l a b l e  P (Olsen-P) and N (NO;). A r a i n -  

gauge would be i n s t a l l e d  near each locat ion ,  and weekly r a i n f a l l  t o t a l s  would ( 

be recorded. Crop y i e l d s  and t o t a l  dry mat ter  product ion would be recorded 

a t  harvest.  



Yie lds  from a l l  t r i a l s  could then be r e l a t e d  i n  the  f o l l o w i n g  

manner:- 

Y = (a)R + b(SN) + c(Sp) + (d)N + e(P) + i n t e r a c t i o n s  terms 

where R = r a i n f a l l ,  SN, Sp, P  and N a re  s o i l  app l i ed  n i t r o g e n  and phosphate 

leve ls .  

By i n c l u s i o n  o f  the r a i n f a l l  term, and i t s  i n t e r a c t i o n  then w i t h  

o ther  measured parameters, y i e l d s  and the  economics o f  f e r t i l i z e r  use cou ld  

then be r e l a t e d  t o  the  p r o b a b i l i t i e s  o f  long term r a i n f a l l  d i s t r i b u t i o n  by  

u t i l i z i n g  e x i s t i n g  r a i n f a l l  data. As data accumulates over a  3-4 year period, 

i t  w i l l  become poss ib le  t o  expand t h e  r a i n f a l l  term t o  consider r a i n f a l l  

t o t a l s  f o r  s p e c i f i c  per iods.  

It was agreed t h a t  i n  o rder  f o r  t h i s  approach t o  succeed, there  was 

a  c l e a r  need f o r  s tandard i za t i on  o f  experimental techniques and l abo ra to ry  

analyses. Dr. Jouma'a Abdul Karim o f  the  S o i l s  Bureau undertook t o  convene 

a  meeting o f  i n t e r e s t e d  cooperat ing agencies i n  t h e  near f u t u r e  t o  s e t t l e  

these d e t a i l s .  
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I n t r o d u c t i o n  

blost o f  the  ba r ley  i n  Sy r ia  i s  grown under r a i n f e d  condi t ions,  i n  areas 

w i t h  an average annual r a i n f a l l  o f  l e s s  than about 300 mm/y. U n t i l  1979, most 

o f  ICAROA's research on ba r ley  i n  Sy r ia  was conducted a t  ICARDA's main exper i -  

ment s t a t i o n  a t  Tel Hadya, w i t h  an average r a i n f a l l  o f  about 335 d y ,  o r  i n  

fa rmer 's  f i e l d s  i n  the barley-growing areas 's .  

I n  1379, a number o f  o f f - s t a t i o n  experimental s i t e s  were establ ished, 

two o f  which were loca ted i n  areas w i t h  a lower annual r a i n f a l l  than a t  Tel dadya: 

Breda (260 m / y )  and Khanasser (220 mnly); see Figure 1. One o f  the  ob jec t i ves  

o f  e s t a b l i s h i n g  these s i t e s  was t o  study the  p r o d u c t i v i t y  o f  ba r ley  under con- 

t r o l l e d  experimental cond i t ions  a t  l o w - r a i n f a l l  loca t ions .  I n  1931, two more 

l o w - r a i n f a l l  s i t e s  were establ ished,  a s p a r t  o f  aresearch program on b i o l o g i c a l  

n i t r o g e n  f i x a t i o n :  Nasrieh (300 m / y )  and G h r e r i f e  (250 M y ) ;  see F igure  1. 

The s i t e  a t  Ghre r i f e  i s  p resen t l y  being used f o r  ba r ley  v a r i e t y  and ba r ley  

agronomy t r i a l s .  

S o i l s  i n  the  l o w e r - r a i n f a l l  zone (300-150 mm/y) have been c l a s s i f i e d  as 

Cinnamonic S o i l s  by Van L i e r e  (1965), because o f  t h e i r  reddish and ye l l ow ish  

brown colors.  S o i l s  w i t h  a gypsic hor izon a t  shal low depth have been c l a s s i -  

f i e l d  as Gypsiferous S o i l s  by Van L ie re .  I n  the FAO/UNESCO (1974) system o f  

s o i l  c l a s s i f i c a t i o n ,  n~anyof  these s o i l s  would be c l a s s i f i e d  as c a l c i c  o r  gypsic 

Xerosol s. 

S o i l s  a t  the experimental s i t e s  have been sampled and analyzed f o r  a 

number o f  s o i l  parameters.in ICAROA's l abo ra to ry  f o r  s o i l  and p l a n t  ana lys is  a t  

Tel Hadya. The o b j e c t i v e  o f  t h i s  p resenta t ion  i s  t o  discuss some o f  the  chara- 

c t e r i s t i c s  o f  s o i l s  a t  Tel Hadya and the  o f f - s t a t i o n  s i t e s ,  as we l l  as a t  a 

number o f  l oca t i ons  along the  Breda-Khanasser-Sfireh road (F igure I ) ,  where 

ba r ley  t r i a l s  are being conducted i n  farmer 's  f i e l d s  dur ing  the  1983/84 season. 



Mate r ia l s  and Methods 

S o i l s  were sampled i n  the  f i e l d  w i t h  a  hand-auger, p u t  i n  l abe led  p l a s t i c  

bages, and t ranspor ted  t o  Tel Hadya i n  cool-boxes. A t  Tel  Hadya, so l1  samples 

were s to red i n  f reezers  u n t i l  room was a v a i l a b l e  t o  d r y  them. A i r - d r i e d  

samples were ground t o  pass a  2-mm s ieve and s to red  i n  labe led  p l a s t i c  b o t t l e s .  

Subsampling f o r  ana lys is  was done w i t h  a  r i f f l e - t y p e  sample s p l i t t e r .  A l l  

analyses, unless otherwise ind ica ted ,  were c a r r i e d  ou t  i n  a i r - d r i e d  s o i l  samples. 

S o i l  t e x t u r e  i n  non-gypsic s o i l s  was determined by  the hydrometer method 

( c l a y  and s i l t )  and by wet s iev ing  (sand). Clay contents i n  non-gypsic s o i l s  

were ca l cu la ted  from 2 h  hydrometer readings, according t o  Hesse (1974). 

Calcium carbonate equ iva len t  was determined by a  ti t r i m e t r i c  method, 

us ing  hyd roch lo r i c  a c i d  t o  d i sso l ve  the carbonates, and sodium hydroxide t o  

ti t r a t e  the  remaining a c i d  w i t h  bromothymol b lue i n d i c a t o r .  Ac t ive  calc ium 

carbonate i n  non-gypsic s o i l s  was determined by e x t r a c t i o n  w i t h  a c i d  ammonium 

oxa la te  and t i t r a t i o n  w i t h  potassium permanganate. 

Oxid izable organic carbon was determined by  wet ox ida t i on  w i t h  potassium 

dichromate i n  a c i d  medium, and t i t r a t i o n  w i t h  fe r rous  ammonium sulphate s o l u t i o n .  

To ta l  organic carbon and organic mat te r  con ten ts  were ca l cu la ted  from t h e  

ox id i zab le  organic carbon contents through mu1 t i p l i c a t i o n  w i t h  1.33 and 2.3, 

respect ive ly .  K je ldah l -n i t rogen was determined by d i g e s t i n g  the s o i l  i n  s u l -  

phur icac id  w i t h  potassium su l fa te -copper  su l fa te -se len ium c a t a l y s t  r(100:lO:l 

weight r a t i o ) .  Ammonium i n  the  d iges t  was determined by  steam d i s t i l l a t i o n ,  

us ing  sodium hydroxide t o  r a i s e  the pH o f  the  digest,  and b o r i c  a c i d  t o  c o l l e c t  

the  d i s t i l l a t e .  

For t h e  measurement o f  e l e c t r i c a l  c o n d u c t i v i t y  (EC) and a c i d i t y  (pH). 

1:l (w/v) so i l -wa te r  suspensions were prepared. The pH was measured i n  the  

suspension, and the  EC i n  the  f i l t r a t e ,  a f t e r  f i l t r a t i o n  o f  the  suspension. 
1 



Mineral  n i t r o g e n  was determined by e x t r a c t i n g  the  s o i l s  w i t h  potassium 

c h l o r i d e  f o r  ammonium-ni trogen (NH4-N) and water f o r  n i t r a t e - n i  t rogen (N03-N). 

Both forms o f  n i t rogen  were determined i n  each e x t r a c t  by a steam d i s t i l l a t i o n  

procedure, us ing  magnesium oxide f o r  NH4-N, fo l lowed by Devarda's a l l o y  f o r  

N03-N (Bremner and Keeney, 1966). The d i s t i l l a t e  was c o l l e c t e d  i n  b o r i c  a c i d  

so lu t ions ,  and t i t r a t e d  w i t h  d i l u t e  su lphu r i c  ac id.  

Ava i l ab le  phosphorus (P-Olsen) was determined by e x t r a c t i n g  the s o i l s  

w i t h  a sodium bicarbonate s o l u t i o n  r a t i o .  The suspensions were f i l t r a t e d  us ing 

a c t i v a t e d  carbon t o  deco lor ize  the f i l t r a t e .  Phosphorus i n  s o l u t i o n  was meas- 

ured c o l o r i r n e t r i c a l l y  a t  a wavelength o f  660 nm, using amnonium molybdate and 

stannous c h l o r i d e  i n  su lphu r i c  a c i d  (Olsen e t  al., 1954). 

Results 

1. S o i l  Texture ------------ 

Clay contents i n  s o i l s  tended t o  decrease w i t h  lower r a i n f a l l  (F igure 2 ) .  

This may r e f l e c t  h igher  carbonate contents o f  s o i l s  i n  d r i e r  areas, but  a l s o  

d i f ferences i n  weathering condi t ions,  and parent  mater ia ls .  Clay contents a t  

Tel Hadya (TH)  and Nasrieh (Nas) were h igh  and q u i t e  uni form w i t h  depth. 

Clay contents a t  Breda (Br ) ,  Ghre r i f e  (Ghr) and Khanasser (Kh), tended t o  i n -  

crease w i t h  depth i n  the upper p a r t  o f  the  p r o f i l e .  S o i l s  a t  Khanasser had 

a gypsic hor izon below 60 cm depth (Gypsiferous s o i l s )  and s o i l s  a t  Breda, 

Ghre r i f e  and Nasrieh contained some gypsum below 90 crn depth (do t ted  l i n e s  

i n  Figure 2) .  

Soi 1 t e x t u r e  ranged from s i l t y  c l a y  and c l a y  t o  loam and s i l t  loam 

(Figure 3; Table 1) .  Most o f  the s o i l s  analyzed were r e l a t i v e l y  h igh  i n  s i l t .  

I n  the l i g h t e r - t e x t u r e d  s o i l s  t h i s  may make the  s o i l s  l i a b l e  t o  sur face-seal ing 

du r ing  h i g h - i n t e n s i t y  r a i n f a l l ,  and t o  wind eros ion  dur ing  the  summer. The 

l i g h t e r - t e x t u r e d  s o i l s  do n o t  form cracks i n  spr ing, and may there fore  be more 

e f f i c i e n t  i n  conserving moisture dur ing  spr ing,  than the deep-cracking heavier-  

- tex tured s o i l s .  



2. Calcium carbonate ----------------- 

A l l  s o i l s  analyzed were calcareous, w i t h  t o t a l  carbonate contents ranging 

f rom about 25 t o  more than 50 per cent  (F igure 4). Calcium carbonates, o r  mixed 

calcium-magnesium carbonates p l a y  a major r o l e  i n  the  chemistry o f  s o i l s  i n  

Northwest Syr ia .  The s o l u b i l i t y  o f  ca lc ium and magnesium, and the  pH o f  the  s o i l  

a re  d i r e c t l y  c o n t r o l l e d  by carbonates. The s o l u b i l i t y  o f  ca lc ium phosphates and 

o the r  ca l  c i  urn ni ineral  s depends on the  ca l  c i  um concent ra t ion  i n  so i  1 so lu t i on .  

The genera l l y  h igh  pH (7-8) r e s u l t i n g  from the  presence o f  carbonates decreases 

the  a v a i l a b i l i t y  o f  m ic ronu t r i en ts  such as i r o n  and zinc, and increases the  

v o l a t i l i z a t i o n  o f  ammonia from s o i l s ,  which i s  probably one of the  major l oss  

mechanisms o f  n i t rogen  from calcareous s o i l s .  

The f r a c t i o n  o f  a c t i v e  calc ium carbonate i s  thought t o  i nc lude  e a s i l y -  

-so lub le  and adsorbed forms o f  ca lc ium carbonate. It can be seen f rom F igure  4 

t h a t  the r a t i o  o f  a c t i v e  t o  t o t a l  ca lc ium carbonate i s  q u i t e  constant  :about 

0.30 + 0.05 f o r  the  s o i l s  analyzed. 

3. Organic ma t te r  and K je ldah l  n i t rogen  ................................. -- 

Organic mat te r  contents  i n  a l l  s o i l s  were i n  the  low range:  between 0.3 

and 1.3% i n  the  surface horizon, and decreasing w i t h  depth (F igure  5). The wet 

ox ida t i on  o f  organic carbon w i t h  potassium dichromate i n  su lphu r i c  a c i d  medium, 

and t i t r a t i o n  o f  the res idua l  potassium dichromate aga ins t  f e r rous  ammonium 

s u l f a t e  (Walkley-Black method) recovers a v a r i a b l e  f r a c t i o n  o f  the  t o t a l  s o i l  

organic carbon. To ca l cu la te  t o t a l  organic carbon, t h e  r e s u l t s  obta ined w i t h  

the  Walkley-Black method are u s u a l l y  m u l t i p l i e d  by a f a c t o r  1.33. This  f ac to r ,  

however, may vary between s o i l s ,  and w i t h  depth i n  s o i l s .  

The d i s t r i b u t i o n  of K je ldah l  n i t r o g e n  i n  the  s o i l s  was very s i m i l a r  t o  

t h a t  o f  ox id i zab le  organic carbon. The C/N r a t i o ,  expressed as t h e  ra$ io  o f  1 

o x id i zab le  organic carbon t o  K je ldah l  n i t rogen,  va r i ed  between 5 and 745, w i t  

a mean value o f  6.7 t 0.5. The convent ional C/N r a t i o ,  based on t o t a l  {organi 
! 

li 
carbon, va r i ed  between 7 and 10, w i t h  a mean value of 3.9 f 0.7. i 
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Hence, C/N r a t i o ' s  were i n  the  low range, 

and carbon r a t h e r  than n i t r o g e n  would be expected t o  l i m i t  m ic rob io log i ca l  

a c t i v i t y  i n  the s o i l s  under moisture and temperature cond i t ions  s u i t a b l e  

f o r  m ic rob ia l  growth. 

The low organic mat te r  contents are an unfavourable c h a r a c t e r i s t i c  

o f  these s o i l s .  This i s  because organic mat te r  genera l l y  increases the  

s t a b i l i t y  and water-hol ding capac i ty  o f  s o i l s ,  and increases the  so lub i  1 i t y  

o f  many essen t i a l  p l a n t  n u t r i e n t s  through the format ion o f  so lub le  organic 

complexes. 

Values o f  pH were a l l  i n  the  h i g h  range: between 7.9 and 8.5; see 

F igure  6 and Table 1. The pH i s  one o f  the  most important  c h a r a c t e r i s t i c s  

o f  s o i l s .  The pH i s  a f a c t o r  i n  the s o l u b i l i t y  o f  most minerals,  i n  the  

s t a b i l i t y  o f  organic complexes, and H+ i s  a p o t e n t i a l  determin ing i o n  i n  

oxides and many o the r  minera ls  w i t h  a va r iab le  sur face charge. 

The pH i n  calcareous s o i l s  i s  main ly  determined by the presence o f  

ca lc ium carbonate, gypsum, and aqueous ions, such as sodium. The pH o f  an 

aqueous s o l u t i o n  i n  e q u i l i b r i u m  w i t h  calc ium carbonate, a t  atmospheric CO2 

l e v e l s  would be 8.34. I f  gypsum would be present alongside calc ium carbonate, 

t h e  pH would be about 7.8. Hence, the  presence o f  gypsum i n  calcareous s o i l s  

tends t o  decrease DH. 

I n  a l l  calcareous s o i l s ,  the  pH tends t o  decrease w i t h  h igher  C02 

leve l s ,  such as those encountered i n  the  r o o t i n g  zone o f  growing crops. For  

example, the pH o f  an aqueous s o l u t i o n  i n  e q u i l i b r i u m  w i t h  calc ium carbonate 

a t  a Cop l e v e l  of 1% ( v / v ) ,  would be about 7.3, t h a t  i s ,  about one pH-unit  

lower than under atmospheric cond i t ions  (0.037: Cop). S i m i l a r l y ,  i n  the  



presence of gypsum, the pH would decrease from about 7.8 under atmospheric 

condi t ions,  t o  about 7.0 a t  1% C02. Hence, i n  the  r o o t  zone o f  a growing crop, 

pH values are  l i k e l y  t o  be lower than those determined under l abo ra to ry  condi- 

t ions,  i n  e q u i l i b r i u m  w i t h  atmospheric C02. 

Although the  determinat ion o f  pH i s  one o f  the  most common s o i l  t es t s ,  

i t  i s  one o f  the  l e a s t  standardized t e s t s  among labo ra to r i es .  Factors t h a t  

i n f l uence  the  r e s u l t s  o f  pH-measurements i nc lude  the  pretreatment o f  the  

samples ( d r y i n g  and storage cond i t i ons ) ,  the composit ion o f  t h e  s o l u t i o n  and 

the  r a t i o  o f  s o i l  t o  s o l u t i o n  used i n  t h e  prepara t ion  o f  suspensions, t h e  t ime 

o f  e q u i l i b r a t i o n ,  temperatures du r ing  e q u i l i h r a t i o n  and pH-measurement, e tc .  

So lu t ions  used t o  prepare s o i l  suspensions inc lude 1.0 N KC1 and 0.01 M CaCl2 

so lu t ions ,  and water. Common r a t i o ' s  o f  s o i l  t o  water (wlv)  a re  1:1, 1:2.5, 

1:5 and 1:10. I n  add i t i on ,  pH i s  o f t e n  measured i n  a sa tura ted  s o i l  paste. 

F igure  7 ( t o p )  shows the  e f f e c t  o f  s o i l  s o l u t i o n  r a t i o  on pH values determined 

i n  d i f f e r e n t  so i l -wa te r  suspensions f o r  s o i l s  a t  Tel Hadya. I t f o l l n r ~ s  t h a t  

there  i s  a d i f f e r e n c e  o f  ahout one pH-unit  between the  pH determined i n  a 

sa tura ted  s o i l  paste (7.99 + 0.07) and i n  a 1:10 suspension (8.99 f 0.07). 

I t  f u r t h e r  f o l l ows  from F igure  7 (bottom) t h a t  a p l o t  o f  the  hydrogen i o n  a c t i -  

v i t y  aga ins t  t h e  s o i l - s o l u t i o n  r a t i o  y i e l d s  a s t r a i g h t  l i n e .  From t h i s  regres- 

s ion  equat ion the  pH o f  the  s o i l  s o l u t i o n  can be est imated. For example, a t  a 

moisture content o f  301 (w/w) the pH would be about 7.6. 

The r e l a t i o n  between pH and calc ium carbonate i s  r a t h e r  complex, as can 

be seen from F igure  7. The increase i n  pH w i t h  decreasing s o i l - s o l u t i o n  r a t i o ,  

r e s u l t s  i n  a decrease i n  s o l u b i l i t y  o f  c a l c i t e ,  such t h a t  e q u i l i b r i u m  w i t h  the 

s o l i d  phase i s  maintained. The hehaviour o f  pH can be expla ined on the basis  

o f  s imple adsorpt ion-desorpt ion considerations, b u t  o the r  f ac to rs ,  such as a 

f r a c t i o n a l  increase i n  aqueous sodium ions i n  the more d i l u t e  suspensions, 

probably p lay  a r o l e  as w e l l .  

5. E l e c t r i c a l  c o n d u c t i v i t y  

The e l e c t r i a l  c o n d u c t i v i t y  o f  a s o l u t i o n  i s  a measure f o r  the  ;amount o f  

so lub le  s a l t s  i n  a s o i l .  A t  the  d r i e r  s i t es ,  EC increased w i t h  depdh, pro&ably 

becuase o f  the  presence o f  gypsum a t  depth i n  these s o i l s  (F igure  8).  



The EC-values o f  sur face s o i l  samples taken i n  farmer's f i e l d s  were genera l l y  

i n  the  range o f  0.2 t o  0.6 mS/cm (Table 1) .  A t  th ree  loca t ions ,  t h e  EC-values 

were higher:  a t  Nawara (No.9) and Mezeileh (No.10) t h i s  was probably due t o  

the presence o f  gypsum i n  t h e  sur face horizon, whereas a t  Qorbat ieh  (No.11) 

t h i s  was l i k e l y  t o  be due t o  a so lub le  sodium s a l t ,  such as sodium ch lor ide .  

The h igh  s a l i n i t y  a t  these three l oca t i ons  may adversely a f f e c t  crop 

product ion.  

I f  o n l y  so lub le  s a l t s  would be present  i n  t h e  s o i l ,  the EC o f  a 1 : l  

e x t r a c t  would be about 5 t imes h igher  than the  EC o f  1:5 ex t rac t ,  d is regard ing  

the  e f f e c t  o f  i o n i c  s t reng th  and o f  i o n  exchange on t h e  e l e c t r i c a l  conduc t i v i t y .  

Such a s i t u a t i o n  was encountered a t  Haklah, a s a l i n e  s i t e  near the  s a l t  lake  

o f  Jabbul, southeast o f  S f i r e h  (see F igu re  1 ) .  Here the  r e l a t i o n s h i p  between 

the  EC of the  sa tura ted  s o i l  paste, ECsat, and o f  the  1:5 so i l -wa te r  ex t rac t ,  

ECg. was given by: 

The moisture percentage o f  the  sa tura ted  s o i l  paste was 50-54% (wlw). 

Therefore the  s o i l  contained h i g h l y  so lub le  s a l t s ,  probably sodium ch lor ides  

and some su l fa tes .  The s o l u b i l i t y  o f  carbonates was probably s l i g h t l y  h igher  

i n  the 1:5 e x t r a c t  than i n  t h e  s a t u r a t i o n  e x t r a c t .  

For s o i l s  a t  Tel  Hadya t h e  r e l a t i o n s h i p  between EC1 and EC5 was found 

t o  be: 

Hence, a t  Tel Hadya s a l t s  w i t h  a l i m i t e d  s o l u b i l i t y  p layed an important  p a r t .  

Th is  i s  f u r t h e r  i l l u s t r a t e d  i n  F igu re  9, where the  water-soluble ions  (1:5 w/v 

so i l -water  e x t r a c t )  a r e  p l o t t e d  as a f u n c t i o n  o f  depth. The data represent 

average values f o r  24 p r o f i l e s  a t  Tel Hadya; the  analyses were performed a t  

the  s o i l s  l abo ra to ry  o f  the M i n i s t e r y  o f  A g r i c u l t u r e  a t  Aleppo. The ch lo r ides  

and s u l f a t e s  represent  so lub le  sa l t s ,  whereas carbonates are  r e l a t i v e l y  

i nso lub le .  



Cat ion exchange probably p lays  a  r o l e  i n  determing t h e  composit ion o f  

the  1:5 so i l -wa te r  ex t rac t .  The sodium-calcium exchange reac t i on  ma$ be 

represented as fo l lows:  
i 
I 

2+ --. i 
Caex + 2Na+ 2 ~ a : ~  + Ca2+ ! 

I 

where ' ex '  r e f e r s  t o  the  adsorbed phase. Under e q u i l i b r i u m  cond i t ion$,  t h e  

r e l a t i o n  between the  r a t i o  o f  ca t ions  i n  the adsorbed phase and i n  t h e  s o l -  

u t i o n  phase, may be described by  the  Gapon equation: 

where K  i s  the  Gapon c o e f f i c i e n t ,  q i  denotes the  amount o f  component i i n  

the  adsorbed phase (meq/lOO g), and c i  denotes the  aqueous concentrat ion o f  

component i ( m o l / l ) .  As an approximation, one may w r i t e  the  Gapon equation 

i n  monovalent (Na+ and K+) and d i v a l e n t  ca t ions  (ca2+ and M ~ ? + ) :  

From t h i s  equat ion i t  fo l l ows  t h a t  the  p ropo r t i on  o f  monovalent ca t i ons  i n  

s o l u t i o n  increases, i f  the  s o l u t i o n  i s  d i l u t e d .  This  i s  i l l u s t r a t e d i i n  

F igure  10, where i t  i s  assumed t h a t  on l y  c a t i o n  exchange occurs. ~ h d  amount 

o f  water-soluble ca t ions  i s  taken as 1.0 meq/100 g, and the  Gapon c o d f f i c i e n t  

i s  ca l cu la ted  as 1.626, from t h e  data i n  Table 2. I t  i s  f u r t h e r  assimed t h a t  

e q u i l i b r i u m  i s  maintained w i t h  the  composit ion o f  the  adsorpt ion complex as 

g iven i n  Table 2. I t  fo l l ows  t h a t  i f  the  s o l u t i o n - s o i l  r a t i o  increades from 

0.2 ( t h a t  i s ,  20% moisture by weight)  t o  10, the  f r a c t i o n  o f  monovalent 

ca t ions  i n  s o l u t i o n  would increase from about 0.15 t o  about 0.65. i 
! ! 
j 



I n  the  Tel Hadya s o i l s ,  c a t i o n  exchange i s  c e r t a i n l y  n o t  t h e  o n l y  

process occurr ing,  and the re fo re  the  t rends i l l u s t r a t e d  i n  Figure 10 have 

t o  be i n t e r p r e t e d  w i t h  caut ion, I t  may be assumed, however, t h a t  t h e  compo- 

s i t i o n  o f  a 1:5 e x t r a c t  overest imates the  amount o f  sodium i n  the s o i l  

s o l u t i o n  a t  f i e l d  capacity,  and underestimates the  concentrat ions o f  ca lc ium 

and magnesium. Fur ther  p r o o f  f o r  t h i s  i s  prov ided by t h e  behaviour o f  the  

pH (Figure 11, l e f t ) .  The increase i n  pH w i t h  depth i s  n o t  observed i n  satu- 

r a t i o n  e x t r a c t s  o f  s o i l ,  and i s  thought t o  be due t o  t h e  d i s s o l u t i o n  o f  

c a l c i t e :  

fo l lowed by c a t i o n  exchange: 

Therefore. NatHC03' remains i n  so lu t ion ,  which causes t h e  pH t o  increase, and 

t h i s ,  i n  turn,  decreases t h e  s o l u b i l i t y  o f  ca lc ium carbonate. It fo l l ows  from 

F igure  11 ( r i g h t )  t h a t  there  i s  a s i g n i f i c a n t  c o r r e l a t i o n  between pH and 

INa+ HC03-I, ca lcu la ted  as t h e  d i f f e r e n c e  between t h e  sum o f  the  d i v a l e n t  

cat ions,  Ka2+ + M ~ ~ + J ,  and t h e  bicarbonate concentrat ion CHCO3-I. 

It fo l l ows  from the  data i n  Table 2 t h a t  t h e  exchangeable-potassium 

contents o f  s o i l s  a t  Tel Hadya are i n  the  range o f  450 t o  600 ppm i n  the  t o p  

60 cm o f  the  s o i l s .  Potassium de f i c i enc ies ,  therefore,  would n o t  be expected 

a t  Tel Hadya. 

The d i s t r i b u t i o n  o f  water-soluble i ons  i n  s o i l s  a t  Breda c l e a r l y  shows 

t h e  presence o f  gypsum a t  120 t o  150 cm depth. F igure  12 i s  based on analyses 

performed by  M r .  Mahmoud Wahoud a t  the  U n i v e r s i t y  o f  Aleppo. 



The t o t a l  amount of calcium i n  solut ion, i n  equi l ibr ium w i th  gypsum, would be 

about 14.25 meq/100 g i n  a 1:5 (w/v) soi l-water extract ,  assuming tha t  the 

a c t i v i t y  coe f f i c ien ts  o f  calcium and sul fate are about 0.5 a t  an i o n i c  strength 

o f  0.033. Hence the calculated s o l ~ r b i l i t y  o f  calcium i s  very close t o  the 

measured value, considering tha t  some magnesium sul fa tes are present as we1 1. 

6. Mineral Nitrogen ----------- 

The dynamics and transformations o f  mineral n i t rogen i n  s o i l s  i n  Aleppo 

Province have been studied over the past 4 years, ac pa r t  o f  a UNDP sponsored 

research program on increasing the e f f i c i ency  o f  moisture and ni t rogen use i n  

ra in fed agr icul ture*.  The resu l ts  o f  these studies have shown t h a t  the ammonium 

contents i n  s o i l s  a t  the d r i e r  s i tes  were general ly low during the summer, and 

qu i te  uniform wi th  depth. From Table 1 i t  fol lows tha t  a m n i u m  contents i n  

the surface horizon o f  s o i l s  i n  farmer's f i e l d s  were a l l  i n  the range o f  2-3 ppm. 

The onset o f  the ra iny season i s  uslcally fol lowed by a f l ush  i n  mineral ization, 

resu l t ing  i n  a temporary increase i n  ammonium-ni trogen i n  these so i l$ .  Results 

o f  measurements of ammonium- and n i t ra te-n i t rogen throughout the growing season, 

suggested tha t  i n  s o i l s  a t  the d r i e r  s i tes  only par t  o f  the ammonium-nitrogen was 

converted i n t o  n i t ra te-n i t rogen ( n i t r i f i c a t i o n ) ,  the remainder prohably being 

immobilized i n  the hetrotrophic biomass o f  the s o i l .  As a resul t ,  anmoniurn- 

-nitrogen d id  not contr ibute s i gn i f i can t l y  t o  plant-avai lable nitrogen, except 

i n  s i tuat ions where ni t rogen was h igh ly  de f i c ien t .  

Ni t rate-ni t rogen i n  s o i l s  appeared t o  be h igh ly  correlated wi th  crop up- 

take o f  nitrogen, and i t  was concluded tha t  n i t ra te-n i t rogen i n  so i ls ,  determined 

a t  sowing, would be a su i tab le  t e s t  f a r  p lant-avai lable n i tmgen (Hamsen, 1984). 
Figure 13 shows tha t  a t  the wetter s i tes,  Tel Hadya and Nasrieh, nit f iate-nitrogen 

was low, and decreased w i th  depth. A t  Breda and Ghrerife, n i t ra te-n i t rogen 

increased wi th  depth below 60 cm, and a t  Khanasser n i t ra te-n i t rogen qas very high 

throughout the p r o f i l e .  Much o f  the n i t ra te-n i t rogen a t  depth i s  prdbably not  

avai lable t o  the crop, except i n  very wet years. 

* UNDP/ICARDA Global Pro.ject 78/003. 



The n i t r a t e - n i t r o g e n  contents i n  sur face s o i l  samples from farmer 's  

f i e l d s  (Table 1)  va r i ed  w ide ly  between f i e l d s ,  ranging from 1.5 ppm a t  Batraneh 

(No.3) t o  58.3 ppm a t  Qorbat ieh  (No.11). A b a r l e y  crop o f  2-3 t l h a  (d ry  ma t te r  

y i e l d )  would r e q u i r e  about 20-30 kg N/ha, which i s  equ iva len t  t o  10-15 ppm N03-N 

i n  the  t o p  20 cm o f  the  s o i l .  Hence, i n  most o f  the  f i e l d s  sampled, n i t rogen  

d e f i c i e n c i e s  would n o t  be expected t o  occur, cons ider ing  t h a t  the  s o i l s  a l s o  

con ta in  n i t r a t e s  below 20 cm depth. The n i t r a t e - n i t r o g e n  contents i n  s o i l s  a t  

Qorbat ieh  (No.11) and Qubat te in  (No.17) were s i g n i f i c a n t l y  lower i n  f i e l d s  where 

a ba r ley  crop was grown t h e  prev ious season (B/B), than i n  f i e l d s  where t h e  

l and  had been fa l lowed (F/B). A s i m i l a r  t rend  has a l s o  been observed a t  t h e  

experimental  s i t e  a t  Breda: a f t e r  f a l l ow ,so i l s  were h igher  i n  n i t r a t e - n i t r o g e n  

than a f t e r  a b a r l e y  crop. 

I t  may be concluded t h a t  most o f  the  s o i l s  studied, appeared t o  be 

medium t o  h igh  i n  p lan t -ava i l ab le  n i t rogen,  and the re fo re  n i t rogen  def ic ienc ies ,  

t h a t  i s ,  responses t o  n i t r o g e n - f e r t i l i z e r  app l ica t ion ,  would n o t  be expected 

t o  be o f  major importance. 

7 .  Ava i l ab le  phosphorus .................... 

Ava i l ab le  phosphorus i n  calcareous s o i l s  i s  c o m n l y  determined through 

e x t r a c t i o n  w i t h  a 0.5 M NaHC0-j s o l u t i o n  a t  pH 8.5 (Olsen e t  al . ,  1954). The 

s o l u b i l i t y  o f  ca lc ium carbonate i n  t h i s  e x t r a c t a n t  s o l u t i o n  i s  low, because o f  

the  h igh  b icarbonate concentrat ion and the  h igh  pH. As a r e s u l t ,  the  s o l u b i l i t y  

o f  ca lc ium phosphates i s  r e l a t i v e l y  h igh  i n  t h i s  so lu t i on .  The s o i l  t e s t  a l s o  

recovers p a r t  o f  the  adsorbed phosphorus i n  s o i l s .  The amount o f  phosphorus t h a t  

d isso lves  i n  the  sodium bicarbonate s o l u t i o n  depends on the  pretreatment o f  the 

s o i l  samples, the  s o i l - s o l u t i o n  r a t i o ,  the  shaking frequency, t h e  temperature 

du r ing  ex t rac t i on ,  and the  du ra t i on  o f  the  e q u i l i b r a t i o n .  Furthermore, the  use 

o f  a c t i v a t e d  carbon ( f r e e  o f  P) dur ing  f i l t r a t i o n ,  t o  deco lor ize  the  so lu t ion ,  

i s  genera l l y  recomnended. It has t o  be emphasized t h a t  r e s u l t s  o f  P-Olsen 

determinat ions may d i f f e r  between labora tor ies ,  i f  a n a l y t i c a l  procedures are  n o t  

ca re fu l1  y  standardized. 



The available-phosphorus contents i n  s o i l s  a t  Tel  Hadya and t h e i o f f -  

s t a t i o n  s i t e s  were low i n  the  sur face ho r i zon  and decreased w i t h  depth (F igure 14). 

A value o f  5-6 ppm i s  u s u a l l y  g iven as the  d e f i c i e n c y  l i m i t  i n  s o i l s .  Hence a l l  

s o i l s  i n  F igure  14 would be d e f i c i e n t  i n  phosphorus. Resul ts  o f  agronomy 

research a t  ICARDA suggest t h a t  the  d e f i c i e n c y  l i m i t  f o r  phosphorus i n  s o i l s  

would be h ighe r  than 6 ppm a t  s i t e s  w i t h  an annual r a i n f a l l  below 300 mm 

(Harmsen and Anderson, i n  p repara t ion) .  These r e s u l t s  a r e  i n  agreement w i t h  

Na ta r  (1976), who repor ted  t h a t  i n  a d r y  year  y i e l d s  o f  wheat a t  Ezraa Exper i -  

ment S t a t i o n  increased l i n e a r l y  w i t h  a v a i l a b l e  phosphorus i n  the  range o f  

2 t o  9 ppm. 

The available-phosphorus contents o f  s o i l s  i n  farmer 's  f i e l d s  (Table 1 ) 
were a l l  below 6 ppm, w i t h  the  except ion o f  one f i e l d  a t  Nawara (No.9). Hence, 

crop responsesto phosphorus would be expected i n  most o f  the  farmer 's  f i e l d  

t r i a l s ,  prov ided o the r  fac tors ,  such as a v a i l a b l e  moisture, would n o t  be l i m i t -  

i n g  crop product ion.  

S o i l  samples taken i n  158 fa rmer 's  f i e l d s  i n  t h e  ba r ley  producing area 

o f  Western and Northeastern Sy r ia  (F igure  15) showed t h a t  available-phosphorus 

contents o f  most s o i l s  were i n  the  low range: 68.3% o f  the  s o i l s  sampled were 

below 6 ppm. 

I t  may be concluded t h a t  phosphorus d e f i c i e n c i e s  i n  s o i l s  a re  probably 

widespread i n  the  barley-producing area i n  Syr ia .  It has t o  be emphasized, 

however, t h a t  the  a p p l i c a t i o n  o f  phosphorus f e r t i l i z e r  does n o t  necessa r i l y  

increase y ie lds ,  even i f  s o i l s  are h i g h l y  d e f i c i e n t  i n  phosphorus. Wheher 

crops respond t o  a p p l i c a t i o n  o f  phosphorus f e r t i l i z e r  depends on whether phos- 

phorus i s  the  f a c t o r  act.ual ly l i m i t i n g  y i e l d s .  For example, i n  a l o w - w i n f a l l  

season, a v a i l a b l e  moisture may l i m i t  ac tua l  y i e l d s ,  and a p p l i c a t i o n  o f  phosphorus 

f e r t i l i z e r  would thus have l i t t l e  e f f e c t  on y ie lds .  
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Table 1 So i l  data f o r  farmer's f i e l d s  i n  1983184 on-farm bar ley  t r i a l s .  

S i t e  Locat ion Rot. =I PHl Mechanical Analys is P-Olsen Mineral-N (ppn) 

Number (ms/cm) c lay  s i l t  sand NH4-N NO3-N - /I (ppm) 
1. w,~w) - 

b+ 
- 

kP'1 I 9 PH &-/ ( )  r+Yl i.lj-JI 

1 ?+/ Ka f r  Abeid F I  B 0.27 8.4 20.5 42.5 36.7 2.5 2.8 7.7 

2 "&~+~3BoweidaSagh1ra FIB 0.27 8.4 12.5 37.0 49.9 2.7 2.0 10.6 

3 -+* ."c Batraneh 816 0.21 8 .3  33.0 32.0 32.3 1.7 2.0 2.9 
Batraneh FIB 0.22 8.3 34.5 34.9 30.3 1.9 2.0 1.5 

4 /,+=21> Jaf r  Mansour F/ B 0.37 8.2 33.0 36.4 29.3 3.5 2.6 10.8 
5 \ I r j e l  F IB  0.30 8.3 49.5 32.9 17.6 2.0 2.7 3.3 
6 Monbateh FIB 0.31 8.3 44.0 39.1 15.8 3.5 2.6 7.5 

7 &-"I; Tawaleel F IB 0.33 8.3 23.0 39.5 36.1 3.6 2.7 5.6 
8 -+ 9 k Hanouteh FJB 0.60 8.5 40.5 48.3 9.7 2.5 3.0 11.9 
9 o,lj Nawara FIB 2.83 7.9 * * 23.9 7.2 2.9 46.3 

10 ;?,- Mezeileh 81 B 2.45 7.9 t t 32.3 5.7 3.2 9.6 

11 gorbat ien FI B 3.76 8.0 (35.0) (51.2) 11.6 4.2 2 .6  58.3 

$lr' i Qorbat ien B I  B 3.00 7.9 (31.0) (50.7) 16.2 5.0 2.5 17.5 

12 . ~ b  Khanasser F/ B 0.41 8.3 20.5 43.1 34.2 4.2 2.3 19.3 

13 ,y Hawaz 61 B 0.31 8.3 27.5 52.1 16.4 3.8 2.4 3.6 

14 js,? Mazraa FIB 0.37 8.3 26.0 50.9 22.7 5.5 2.2 14.7 

15 ->/ Roweheb FIB 0.32 8.3 22.5 48.0 27.9 3.9 2.5 11.2 
16 Jeneid F IB 0.32 8.4 31.0 43.2 21.7 4.0 2.2 7.5 

17 & f  Pubbatein F/B 0.46 8.4 41.5 49.6 5.9 2.8 2.5 17.4 
Pubbatein B/B 0.37 8.5 33.5 49.4 7.3 2.1 2.5 4.6 



Table 2. Water-soluble ions (1:5 u l v  soi l -water ex t rac t ) ,  pH (1:2.5 ex t rac t ) .  

and exchangeable cations f o r  s o i l s  a t  Tel Hadya. 

.(* 'F,o:\) pH a ( ' L : & +  0 : ) )  d&jU '&Wl -L;>Yl - Y JJ+ .&&. JA ip .&.+ c j L & d  - J J ~  .&C GL;HLS 

I uL-9.A +w\ -L,!UI 
Depth j Water-soluble ions  (meqf100g) 

(m) ! 1.2. MgZt Na+ K+ ca t  i HCo3 so4'- c l -  i ~ a n , ~  
L.+' , r-JW r+l- G>,F r<~+;Lk~d&:&c9,z, >G$ t,+,:>w' 
0-15 ! 0.471 0.117 0.303 0.038 0.9291 0.640 0.165 0.156 0.961 

15-30 1 0.422 0.102 0.532 0.029: 1.085; 0.661 0.253 0.229; 1.143 

30-60 iO.336 0.090 0.630 0.018; 1.074; 0.708 0.242 0.175~1.125 
I 

0-60 / 0.391 0.100 0.524 0.026 / 1.041! 0.679 0.226 0.184 1.089 

EC5 
('61cm) 

0.195 

0.234 

0.227 

0.221 

- 

3>+ .p3 cj",?k 
Depth Exchanqeable cations (meq1100g) 

(cm) caZt Mq2+ Na+ K+ 1 cat  I CEC 

&J ; ,.+< y+b p,y r-L> : 2~2w&": + " C l I  $>LlI~,+Jl 
I 

pH 

(1:2.5) 

0 -15137 .67  8.18 1.43 1.58 j 48.86 j 48.86 1 8.29 



Figure  1. Map shoning t he  approximate l oca t i ons  o f  Tel Hadya expenment 

s t a t i o n  and the  9 o f f - s t a t i o n  s i t e s  ( s t a r s ) ,  and the  17 farmer's 

f i e l d  t r i a l s  ( a s t e r i s k s ) .  The numbers r e f e r  t o  Table 1. 

The area w i t h  an a l t i t u d e  h i ghe r  than 400 m above sea l e v e l  

( do t t ed  area) l a r g e l y  co inc ides  w i t h  t he  b a s a l t i c  p la teau SE 

of Aleppo. S a l t  lakes a re  i n d i c a t e d  b y  dashed area 's .  



F igure  2. L l a y  contents  a t  f i v e  s i t e s ,  as a func t ion  o f  depth i n  the  s o i l .  

Llay f r a c t i o n  ( X  ulw) 

Nas 



Figure 3 .  Texture o f  r o l l s  (0-20 cm depth) a t  5 experimental s i tes  and 

17  fanner's f i e lds ,  according to the USDA Soi l  Taxonomy. 

1 .  Clay 
2. Sandy Clay 
3. S i l t y  Clay 
4 .  Clay Loat:i 
5. Sandy Clay Loam 
6 .  S i l t y  Clay Loam 
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8. Sandy Laom 
9. S i l t  Loam 
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t iqun.  4. C a i ~ i u m  ~ d r b u n a t e  equivalent  , t o p )  arid a ~ t i v c  

calcium carbonate contents (bottom) a t  f i v e  

experimental s i t e s ,  as a funct ion of depth i n  

the sol 1 .  

Calcium Carbonate Equivzlent  ( X  w l w )  
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Figure 5 .  Oxidizable organic carhon contents a t  f i v e  experimental s i tes ,  

as a function o f  depth i n  the s o i l .  Organic matter contents 

are approximately a factor 2 . 3  higher (top scale) .  
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Figure 6.  pH determined i n  1:)  (wlv )  soi l -water suspensions o f  so i l s  a t  

four s i tes .  

100 

Soil  



Figure 7. pH determined i n  saturated so i l  paste (ssp) and suspensions of j 
different soil-water r a t i o ' s  for so i l s  a t  Tel Hadya ( top) .  I 

Hydrogen-ion a c t i v i t y  i n  solution as a function of soil-water I 
r a t i o  for so i l s  a t  Tel Hadya (bottom). ! 

Soil /Solut ion ( w / v )  Ratio 

Soi l /Solut ion Ratio (g lml )  

.. . J+l : .&&I +-- 



Figure 8. E l e c t r i c a l  c o n d u r t i v i t i e s  determined i n  1 : l  ( w / v )  soi l -water  

ex t racts  o f  s o i l <  a t  f i v e  s i t e s ,  as a function o f  depth i n  the s o i l .  



Figure 9. Water-soluble cations ( l e f t )  and anions ( r i g h t )  determined i n  
1:s ( w / v )  soi l -water extracts o f  so i l sa t  Tel Hadya. 
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Figure 10. Water-soluble mnovalent (Na+ and K') and d iva lent  cations 

(8gZ+ and Caz+) i n  soi l -water extracts,  as a function o f  

the water: s o i l  r a t i o  (v/w), i f  only ion exchange occurs 

and the composition of the adsorption comp?ex i s  approxi- 

mately constant. 

Water-soluble cations 
"4JU - 0 1  e L ; * L a t  
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Figure 14. Available-phosphorus (P-Olsen) contents o f  s o i l s  a t  f i v e  s i t e s .  
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Figure 15. Frequency histogram o f  available-phosphorus contents o f  

soils a t  158 f a m r ' s  f ields i n  the barley-producing area 
i n  Syria. sampled i n  spring 1982 (barley survey). 
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1. I n t r o d u c t i o n  

Most o f  the s o i l s  i n  Sy r ia  a re  calcareous, t h a t  i s ,  they con ta in  calc ium 

o r  mixed calcium-magnesium carbonates. Carbonate contents o f  s o i l s  tend t o  

decrease w i t h  h igher  r a i n f a l l ,  probably due t o  d i s s o l u t i o n  and leach ing  o f  

carbonates w i t h  the  i n f i l t r a t i n g  ra inwater .  

Inorgan ic  phosphate f e r t i l i z e r s  app l ied  t o  calcareous s o i l s  a re  transformed 

i n t o  l ess  so lub le  minera l  forms i n  the  course o f  t ime. This  process i s  u s u a l l y  

re fe r red  t o  as ' f i x a t i o n ' .  The mechanism o f  phosphorus f i x a t i o n  i n  calcareous 

s o i l s  i s  q u i t e  d i f f e r e n t  from f i x a t i o n  i n  a c i d  s o i l s ,  where adsorpt ion on 

aluminum and i r o n  oxides p lays a major r o l e .  I n  calcareous s o i l s ,  the a v a i l -  

a b i l i t y  o f  phosphorus t o  the  crop i s  expected t o  increase w i t h  t h e  amount o f  

f e r t i l i z e r  appl ied.  I n  a c i d  s o i l s ,  a  c e r t a i n  amount o f  phosphate may be requ i red  

t o  s a t i s f y  the  adsorpt ion s i t e s  associated w i t h  aluminum and i r o n  ox ide surfaces, 

such t h a t  available-phosphorus on l y  s t a r t s  t o  increase a f t e r  a c e r t a i n  amount o f  

phosphorus - fe r t i l i ze r  has been app l i ed  t o  a s o i l .  Furthermore, adsorpt ion i s  a 

r a p i d  process, whereas minera l  t ransformat ions i n v o l v i n g  calc ium phosphates are 

r e l a t i v e l y  slow. 

One o f  the most so lub le  calc ium phosphates i s  b r u s h i t e  o r  DCPD (Table I ) ,  

which i s  a major i n i t i a l  r e a c t i o n  product  o f  phosphate f e r t i l i z e r s  i n  calcareous 

s o i l s .  Apat i tes  are  among the  l e a s t  so lub le  calc ium phosphates, and probably 

c o n s t i t u t e  the s t a b l e  end products o f  phosphorus t ransfromat ions i n  calcareous 

so i  1 s.  

I t  i s  the  o b j e c t i v e  o f  t h i s  paper t o  discuss some aspects o f  the chemistry 

o f  calcareous s o i l s ,  t o  p rov ide  a bas is  f o r  the  understanding o f  the  t ransformat ions 

and a v a i l a b i l i t y  of inorgan ic  phosphates i n  calcareous s o i l s .  

2. Natura l  abundance o f  phosphorus 

The mean phosphorus content  o f  the  l i t hosphere  i s  1200 ppm. Phosphorus tends 

t o  be more abundant i n  bas ic  and in termediate rocks, than i n  a c i d  rocks (F igure 1 ) .  



The phosphorus contents o f  limestone are below the average f o r  the earth 's 

crust  (Milovsky, 1982). Hence t o t a l  phosphorus contents o f  s o i l s  formed i n  

limestone would be expected t o  be lower than o f  s o i l s  formed i n  basic rocks, 

such as basalt.  The phosphorus content o f  the parent mater ia ls i s  only one 

o f  the factors, however, t ha t  determine the t o t a l  phosphorus content% o f  

so i ls .  Other factors include the age o f  the s o i l s  and parent materilals, 

c l imat ic  conditions during weathering and s o i l  formation, and b io log ica l  

factors. 

Total elemental analyses (X-ray fluorescence spectrometry) o f  s o i l s  i n  

Aleppo Province, conducted a t  the Universi ty o f  Reading, have shown tha t  the 

phosphorus contents o f  s o i l s  ranged from about 500 ppm a t  the d r i e s t  s i te ,  

Khanasser, t o  less than 100 ppm a t  the wetter s i tes,  Nassrieh and Tel Hadya; 

see Figure 1 (Hedley, 1982). Hence t o t a l  phosphorus contents vere in the 

low range, i n  pa r t i cu la r  a t  the wetter s i tes.  The decrease i n  phosphorus 

contents w i th  higher r a i n f a l l  may wel l  r e f l e c t  p l an t  uptake o f  phosphorus, 

ra ther  than leaching. A cereal crop tha t  produces a dry  matter y i e l d  o f  

2.5 t/ha, would require about 5 kg P/ha. Hence, i n  100 years t h i s  crop would 

remove an amount o f  phosphorus, equivalent t o  a h ~ u t  250 ppm i n  the top 20 cm 

o f  the soi 1 .  Therefore, crops remove substantial amo~~nts o f  phosphor~rs from 

so i l ,  and the low available-phosphorus contents o f  s o i l s  i n  Aleppo Province 

may thus a t  l eas t  i n  pa r t  be ascrihed t o  low t o t a l  phnsphorus cnntents. 

A t  the d r i e r  s i tes,  such as Khnnasscr, c t ~ l t i v a t i o n  o f  cereal crops prohahly 

s tar ted more recent ly t.han a t  the k!ctt.er locations, whereas the y i e l d  levels, 

and thus the amounts o f  phosphorus removed frcm the soi ls,  are lowe# a t  the 

d r i e r  s i tes.  This may p a r t l y  explains the higher phosphorus leve ls  ?t the 

d r i e r  s i tes.  
: 



3. The chemistry o f  calcareous s o i l s  

Some minera ls  t h a t  a re  important  i n  t h e  chemistry o f  phosphates i n  

calcareous s o i l s ,  are l i s t e d  i n  Tab le l .  C a l c i t e  and gypsum ( i f  present) de ter -  

mine the calc ium a c t i v i t i e s  i n  s o i l  so lu t i on ,  and f l u o r i t e  the  a c t i v i t y  o f  

f l u o r i d e  i n  so lu t i on .  The s o l u b i l i t y  o f  phosphate i n  calcareous s o i l s  i s  

l a r g e l y  determined by the  aqueous calc ium a c t i v i t y  and the  pH, bo th  o f  which 

are c o n t r o l l e d  by c a l c i t e ,  o r  c a l c i t e  p lus  gypsum, the  i o n i c  composit ion o f  

the s o i l  so lu t ion ,  and the  C02 l e v e l s  i n  s o i l .  

3.1. Calcium carbonate e q u i l i b r i a  ............................ 

The s o l u b i l i t y  o f  c a l c i t e  i n  aqueous s o l u t i o n  i s  a func t i on  o f  pH and 

the p a r t i a l  C02 pressure, as fo l l ows  from reac t i on  14 i n  Table 2: 

where logca2+ denotes the  l oga r i t hm o f  the  calc ium i o n  a c t i v i t y ,  9.74 i s  t h e  

logar i thm o f  the  thermodynamic e q u i l i b r i u m  constant  a t  25 OC and zero i o n i c  

length,  pH i s  the  negat ive l oga r i t hm o f  the hydrogen i o n  a c t i v i t y ,  and logC02 

i s  the  logar i thm o f  the  p a r t i a l  C02 pressure. By convention, logCO2 = 0 i f  

the  C02 pressure equals 1 atmosphere. Hence a t  an atmospheric C02 l e v e l  o f  

0.03% ( v / v ) ,  t h a t  i s ,  a t  a p a r t i a l  C02 pressure o f  0.0003 atm, logC02 equals 

-3.52. The i o n i c  strength, I, o f  an aqueous s o l u t i o n  i s  given by: 

where C i  i s  the  concentrat ion (mo l / l )  o f  i o n  i, Z i  i s  the valency o f  i o n  i, 

and the s u m a t i o n  i s  over  a l l  i o n i c  species i n  so lu t i on .  The a c t i v i t y  o f  an 

ion, a i ,  i s  de f ined as: 

where xi i s  the a c t i v i t y  c o e f f i c i e n t  o f  i o n  i, and C i  the aqueous concentrat ion.  



A c t i v i t y  c o e f f i c i e n t s  may be ca l cu la ted  from t h e  Davies equation: 

l o g  xi = - A Z i  ' [ 1 :'I4 
- 0 .  ,I 

where A i s  a constant, which i s  equal t o  0.509 f o r  water  a t  25 OC. 

The s o l u b i l i t y  o f  c a l c i t e  decreases w i t h  h igher  pH and w i t h  h igher  C02 

l e v e l s  (F igure  2). A C02 l e v e l  o f  0.03% (v /v )  corresponds t o  atmospheric 

condi t ions.  I n  s o i l s ,  C02 l e v e l s  a re  u s u a l l y  h igher  because o f  metabol ic  

a c t i v i t i e s  o f  l i v i n g  organisms, and slow exchange o f  C02 w i t h  the  atmosphere. 

Under high-moisture condit ions,the exchange o f  CO2 w i t h  the  atmosphere i s  

slower than i n  w e l l  aerated, d r i e r  s o i l s ,  because o f  t h e  low r a t e  o f  d i f f u s i o n  

of C02 i n  aqueous so lu t i on .  I n  t h e  r o o t i n g  zone o f  a growing crop, C02 l e v e l s  

would be i n  the range o f  1-10% (v/v) .  

The e q u i l i b r i u m  composit ion o f  a CaC03-H20 system a t  a g iven value o f  

logC02, can be ca l cu la ted  from the  e l e c t r o n e u t r a l t i t y  condi t ion,  which requ i res  

t h a t  the  amount o f  c a t i o n i c  charge i n  s o l u t i o n  i s  equal t o  t h e  amount o f  

an ion i c  charge: 

where square brackets r e f e r  t o  t h e  aqueous concentrat ions o f  t h e  ions  involved.  

Th is  equat ion can be w r i t t e n  i n  aqueous a c t i v i t i e s  (round brackets)  w i t h  t h e  

he lp  o f  the  a c t i v i t y  c o e f f i c i e n t s  o f  the  species invo lved:  

A l l  aqueous a c t i v i t i e s  can be expressed as a func t i on  o f  (HF) only, a t  a g iven 

value o f  logC02 (Table 2). So lu t i on  o f  t h i s  equat ion f o r  logC02=-3.42 (F igure  2, 

l e f t )  gives a pH value o f  8.32, and f o r  logC02=-2.00 (F igure  2, r i g h i )  a value 

o f  7.32 i s  obtained. I t  may be noted t h a t  the  s o l u t i o n  o f  t h i s  type ' o f  equat ions 



i s  an i t e r a t i v e  process, because xi i s  a func t i on  o f  I, and I i s  a func t i on  

o f  the aqueous concentrat ions,  which are ca l cu la ted  from t h e  aqueous a c t i v i t i e s  

us ing the  est imated values o f  xi. 
It can be seen from Figure 2 t h a t  the  pH o f  a s o l u t i o n  i n  e q u i l i b r i u m  

w i t h  c a l c i t e  tends t o  decrease w i t h  h igher  C02 l e v e l s .  Therefore, the  pH 

i n  the  r o o t i n g  zone o f  a crop tends t o  be lower than i n  a s o i l  w i t h  l i t t l e  

o r  no b i o l o g i c a l  a c t i v i t y .  As a consequence, t h e  a v a i l a b i l i t y  o f  many 

n u t r i e n t s ,  i n c l u d i n g  phosphates, i r o n  and zinc, would increase i n  the  r o o t i n g  

zone o f  an a c t i v e l y  growing crop. 

The pH o f  a calcareous s o i l  i n  e q u i l i b r i u m  w i t h  atmospheric C02 i s  n o t  

only determined by the  presence o f  c a l c i t e ,  b u t  a l s o  by o the r  minera ls  and ions  

i n  so lu t i on .  For  example, the  pH may range from 7.9 o r  less,  i n  gypsic  s o i l s ,  

t o  9.0 o r  h igher  i n  sodic s o i l s .  The behaviour o f  pH i n  e q u i l i b r i u m  w i t h  

c a l c i t e , i n  the  presence o f  o the r  s a l t s ,  can be understood by  consider ing the  

e l e c t r o n e u t r a l i t y  equat ion f o r  such systems. I t  fo l l ows  from Figure 2 t h a t  

the  e l e c t r o n e u t r a l i t y  e q v t i o n  f o r  a pure CaC03-H20 system i n  e q u i l i b r i u m  w i t h  

atmospheric C02 may be w r i t t e n  i n  the  approximative form: 

if an amount of aqueous cat ions,  o the r  than ~ a 2 +  are in t roduced i n  the  system, 

the equat ion becomes: 

So lu t i on  o f  t h i s  equat ion requ i res  t h a t  pH increases, as can be seen from 

F igu re  3 ( r i g h t ) .  This s i t u a t i o n  occurs i f  NaHC03 i s  d isso lved i n  a CaC03-Hz0 

system, and exp la ins  the  h igh  pH i n  sodic s o i l s .  



The pH o f  aqueous suspensions o f  s o i l s  a t  Tel  Hadya increased wiqh 

the  concentrat ion o f  [Na+ HC03-1 i n  so lu t ion ,  as was shown i n  p a r t  I o t 
t h i s  paper. When an aqueous s ~ ~ s p e n s i o n  o f  a s o i l  i s  pi-epared, i n i t i a l l y  

o n l y  so lub le  s a l t s  d issolve.  The suspension w i l l  thus be undersaturatdd 

w i t h  regard t o  c a l c i t e .  The (slow) d i s s o l u t i o n  o f  c a l c i t e ,  fo l lowed by 

the  replacement o f  Ca2+ by  2Na+ through i o n  exchange, increases t h e  amount 

o f  Na+ i n  so lu t ion ,  and hence, increases pH. I t  can be seen from F igure  3 

t h a t  pH increases almost l i n e a r l y  w i t h  the  c a t i o n  concentrat ion, up t o  about 

0.003 mol / l .  The r e l a t i o n  b e l l e e n  pH and [Cat+] i n  t h i s  range can be 

approximated hy : 
I 

where the  c a t i o n  concentrat ion i s  expressed i n  meq/lOO g o f  s o i l ,  f o r  a 
1:2.5 (w/v) s o i l - s o l u t i o n  r a t i o .  The regression curve shown i n  F igure  11 

( p a r t  I o f  t h i s  paper) i s  g iven by: 

i n  agreement w i t h  the  behaviour o f  pH shown i n  F igure  3. 

If an amount o f  monovalent anions, o the r  than HC03-, are in t roduced i n  
t h e  CaC03-H20 system, t,he e l e c r o n e u t r a l i t y  equat ion can be w r i t t e n  i n  t h e  

approximate form: 

So lu t i on  o f  t h i s  equat ion requ i res  t h a t  pH decreases, as i s  shown i n  ~ i g u r e  3 

( l e f t ) .  This  s i t u a t i o n  occlirs i f  CaC12 o r  another so lub le  ca lc ium s a l t ,  i s  

d isso lved i n  a CaC03-H20 system, and exp la ins  the  low pH (about 7.9) of 

gypsic s o i l s .  

The i o n i c  a c t i v i t y  coef f i c ien tsdecrease w i t h  i nc reas ing  i o n i c  s t b n g t h .  

The dot ted  l i n e s  i n  F igure  4 i n d i c a t e  the  a c t i v i t y  c o e f f i c i e n t s  o f  monbvalent 

and d i v a l e n t  ions i n  a pure CaC03-Hz0 system. The a c t i v i t y  c o e f f i c i e n t s  



decreases more s teep ly  w i t h  [An-] than w i t h  [Ca+J. This  i s  because the  anions 

a r e  assumed t o  be assoc ia te -  w i t h  Ca2+ ions, whereas t h e  ca t ions  are  associated 

w i t h  HCO3- ions.  

I n  the  Olsen- test  f o r  a v a i l a b l e  phosphorus, a  0.5 M NaHC03 s o l u t i o n  a t  

pH 8.5 i s  used f o r  the  e x t r a c t i o n  o f  phosphates from s o i l .  From reac t i ons  1, 

2 and 14 (Table 2) i t  fo l l ows  tha t :  

l o g  ca2+ = 1.92 - logHC03- - pH 

For the Olsen-extract  i t  would thus f o l l o w  t h a t  l o g ~ a 2 +  rr -6.12. Hence, very 

l i t t l e  c a l c i t e  d isso lves  i n  the  ex t rac t ,  because o f  the h igh  b icarbonate concen- 

t r a t i o n  and the  h igh  pH. The low calc ium a c t i v i t y  increases t h e  s o l u b i l i t y  of 

ca lc ium phophates i n  s o i l s .  I n  add i t i on ,  the  bicarbonate ions compete w i t h  

orthophosphate ions  f o r  adsorpt ion s i t e s ,  and p a r t  o f  the  adsorbed phosphates 

are  released i n t o  so lu t i on .  For  these reasons, the  sodiumbicarbonate s o l u t i o n  

i s  be l ieved t o  be a n e f f e c t i v e  e x t r a c t a n t  f o r  phosphorus i n  calcareous s o i l s  

(Olsen e t  a l .  1954). I t  may be noted t h a t  a  0.5 M NaHC03 s o l u t i o n  a t  pH 8.5 

i s  n o t  s t a b l e  under atmospheric cond i t ions .  Carbon d iox ide  tends t o  escape 

and pH tends t o  increase. Therefore, so lu t i ons  have t o  be s to red  i n  closed 

b o t t l e s .  

I n  conclusion, i t  may be s ta ted  t h a t  i n  calcareous s o i l s ,  pH tends t o  

decrease w i t h  h igher  C02 leve l s ,  and i n  the  presence o f  so lub le  calc ium sa l t s .  

such as gypsum. The pH tends t o  increase i n  t h e  presence o f  so lub le  carbonates, 

such as sodium bicarbonate. 



3.2. Calcium phosphate e q u i l i b r i a  ............................ 

Orthophosphoric a c i d  i n  aqueous s o l u t i o n  d issoc ia tes  according t o  

reac t i ons  4-6 i n  Table 2. The mole f r a c t i o n  (MF) o f  an orthophosphate species 

i s  de f ined as the concent ra t ion  o f  t h a t  species d i v i d e d  by the  sum o f  the  concen- 

t r a t i o n s  o f  a l l  orthophosphate species i n  so lu t i on .  I t  fo l l ows  f rom Figure 5 
t h a t  H2PO4- ana ~ ~ 0 4 2 -  a r e  the  major  orthophosphate species i n  s o l u t i o n  i n  

calcareous s o i l s .  

The major phosphate minera l  i n  superphosphate f e r t i l i z e r s  i n  monoca lc im 

phosphate monohydrate (MCPM). This  compound i s  too  so lub le  t o  p e r s i s t  i n  most 

s o i l s  f o r  more than a few hours. The major i n i t i a l  r e a c t i o n  products o f  MCPM 

i n  s o i l s a r e  DCPD o r  DCP (Table 1).  The conversion o f  MCPM i n t o  QCPD may be 

represented by: 

The released orthophosphoric a c i d  d issoc ia tes  according t o  reac t ions  4-6 i n  

Table2. Hence, the  pH o f  the  s o l u t i o n  i n  t h e  p rox im i t y  o f  the  f e r t i l i z e r  granules 

decreases. Hence, concentrat ion grad ien ts  a re  establ ished,  and hydrogen ions  and 

orthophosphates move by d i f f u s i o n  from t h e  f e r t i  1 i z e r  granules t o  the  surrounding 

s o i l .  The decrease i n  pH i s  n e u t r a l i z e d  i n  calcareous s o i l s  by the  d i s s o l u t i o n  

o f  carbonates, which causes t h e  calc ium a c t i v i t y  i n  s o l u t i o n  t o  increase.  As a 

r e s u l t ,  a  zone i s  formed around the  f e r t i l i z e r  granule, where carbonates d i sso l ve  

and phosphates p r e c i p i t a t e  (F igure  6 ) .  The ex ten t  o f  t h i s  zone depends on 

f a c t o r s  such as moisture content,  C02 l e v e l ,  ca lc ium a c t i v i t y  i n  so lu t ion ,  and 

t h e  amount and form o f  carbonates i n  the  s o i l .  Measurements o f  a v a i l a b l e  phosphorus 

i n  f e r t i l i z e d  s o i l s  a t  Tel Hadya and Breda, du r ing  two growing seasons, showed 

t h a t  a t  a d is tance o f  1-2 cm from t h e  f e r t i l i z e r  granules, the  s o l u b i l i t y  o f  

phosphorus was unaf fected by the  presence o f  f e r t i l i ze r -phospha te .  Hence, t h e  

m o b i l i t y  o f  f e r t i l  i ze r -app l i ed  phosphorus i n  these calcareous so i  1s was very 

1 i m i  ted  . 



I n  a s o l u t i o n  i n  e q u i l i b r i u m  w i t h  c a l c i t e ,  a  range o f  c a l c i u n  phosphates. 

w i t h  decreasing s o l u b i l i t i e s ,  may be formed. Some o f  these calcium phosphates 

a r e  l i s t e d  i n  Table 1. The composit ion o f  a s o l u t i o n  i n  e q u i l i b r i u m  w i t h  c a l c i t e .  

as a f u n c t i o n  o f  p a r t i a l  C02 pressure, may be ca l cu la ted  from the  e l e c t r o -  

n e u t r a l i t y  equat ion f o r  t h i s  system (Figure 7, r i g h t ) .  The t o t a l  amount Of 

orthophosphate i n  so lu t i on ,  i n  e q u i l i b r i u m  w i t h  c a l c i t e ,  i n  g iven by : 

The t o t a l  orthophosphate concentrat ions i n  e q u i l i b r i u m  w i t h  d i f f e r e n t  ca lc ium 

phosphate minera ls  are shown i n  Figure 7 ( l e f t )  f o r  t h e  s o l u t i o n  composit ion 

shown i n  F igure  7 ( r i g h t ) .  I t  can be seen t h a t  t h e  s o l u b i l i t y  o f  most ca lc ium 

phosphates increases w i t h  h igher  C02 leve ls ,  and t h a t  t h e  s o l u b i l i t i e s  decrease 

i n  the  order  : 

DCPD ) DCP > OCP ) P -TCP ) HA ) FA 

Hence, i f  f l u o r i t e  i s  present i n  the  s o i l ,  f l u o r o p a t i t e  i s  the  s t a b l e  end- 

product  o f  the  phosphate t ransformat ions.  

I n  case gypsum and c a l c i t e  co -ex i s t  i n  s o i l ,  the  calc ium a c t i v i t i e s  i n  

s o l u t i o n  w i l l  be higher,  and t h e  pH lower ( c f .  F igure  3 ) .  I n  such a system, 

the  calc ium a c t i v i t y  i n  s o l u t i o n  i s  ma in ly  c o n t r o l l e d  by  the  s o l u b i l i t y  o f  

gypsum, and approximately constant  (F igure  8, l e f t  ).  The pH i s  thus determined 

by the  approximate equat ion : 

pH r 6.0 - 4 logC02 

and would range from about 7.8 a t  0.03 t o  6.8 a t  3% ( v / v )  C02. 

The s o l u b i l i t i e s  o f  ca lc ium phosphates i n  e q u i l i b r i u m  w i t h  c a l c i t e  and 

gypsum, fo l l ow  t h e  same order  as i n  the case o f  c a l c i t e  o n l y  (F igure  8, r i g h t ) .  

The s o l u b i l i t i e s  o f  a l l  ca lc ium phosphates a r e  depressed i n  the  presence o f  

gypsum, because of  the h igher  ca lc ium concentrat ions. This i s  f u r t h e r  i l l u s t r a t e d  



i n  F igure 9, where t h e  t o t a l  orthophosphate concentrat ion i n  e q u i l i b r i u m  w i t h  

/3 -TCP i s  shown f o r  a s o l u t i o n  i n  e q u i l i b r i u m  w i t h  c a l c i t e  only,  and w i t h  

c a l c i t e  p lus  gypsum. 

I t  may be concluded t h a t  the  s o l u b i l i t y  o f  i no rgan ic  calc ium phosphates 

i n  calcareous s ~ i l s  i s  main ly  determined by the  s o l u b i l i t i e s  o f  c a l c i t e  and 

gypsum, i f  present, by  t h e  p a r t i a l  C02 pressure i n  the  s o i l ,  and by f a c t o r s  

t h a t  a f f e c t  the  oH o f  the  s o i l  so lu t i on .  

4. F i x a t i o n  o f  f e r t i l i z e r  phosphate i n  calcareous s o i l s  

F e r t i l i z e r  phosphates app l i ed  t o  calcareous s o i l s  are g radua l l y  transformed 

i n t o  calc ium phosphates w i t h  lower s o l u b i l i t i e s  than t h e  p r e c i p i t a t e s  t h a t  a re  

i n i t i a l l y  formed, such as DCPD o r  OCP. 

The i n i t i a l  r a t e  o f  format ion o f  a calc ium phosphate may be approximated 

by an equat ion o f  the type : 

where x denotes the amount o f  p r e c i p i t a t e  formed, k i s  a r a t e  constant, PO4 

denotes the r e a c t i v e  orthophosphate species, and n and m a r e  c o e f f i c i e n t s  t h a t  

have t o  be determined exper imenta l ly .  For  the  format ion o f  DCP, on l y  two ions  

have t o  combine, ~ a 2 +  and H P O ~ * - ,  b u t  f o r  the  format ion o f  TCP, 5 i ons  have t o  

combine, 3 ~ a 2 +  and 2 ~ 0 ~ ~ - .  As a f i r s t  approximation, one might  assume t h a t  the  

format ion o f  DCP i s  second r r d e r  (n=l,  m=l), and t h e  format ion o f  TCP f i f t h  

o rder  (n=3, m=2). The k i n e t i c s  o f  p r e c i p i t a t i o n  i n  s o i l - s o l u t i o n  systems a r e  

more complex than t h i s ,  and processes such as sur face adsorpt ion, and the form- 

a t i o n  o f  aqueous complexes plalr a major  r o l e .  I t  may be assumed, howeiver, t h a t  

the format ion o f  minera ls  such as OCP, TCP, o r  apat i tes ,  are o f  a h igher  o rder  

w i t h  respect t o  the  concentrat ions o f  calcium and orthophosphate, tharl  t h e  form- 

a t i o n  o f  minera ls  such as DCPD o r  OCP. Therefore, the  reac t i on  ra tes  U i l l  b@ 

h igher  f o r  the  simple calc ium phosphates than f o r  the  more complex minera ls .  



The orthophosphate concentrat ions i n  s o l u t i o n  are c o n t r o l l e d  by t h e  most 

so lub le  calc ium phosphates. Once the  most so lub le  phosphates are  a l l  d isso lved 

( f o r  example, OCPO o r  OCP), the  nex t  most so lub le  phosphate ( f o r  example, OCP) 

w i l l  c o n t r o l  the  orthophosphate concentrat ion i n  so lu t i on .  As a r e s u l t ,  the  

orthophosphate concentrat ions i n  the  p r o x i m i t y  o f  the  f e r t i l i z e r  granules tend 

t o  decrease w i t h  t ime. 

I n  conclusion, i t  may be s ta ted  t h a t  the  ra tes  o f  phosphate-mineral t rans-  

formations tend t o  decrease w i t h  time, because o f  the  decreasing calcium and 

orthophosphate concentrat ions i n  so lu t ion ,  and the  lower ra tes  o f  format ion o f  

the  more complex calc ium phosphates. 

When an amount o f  phosphate f e r t i l i z e r  i s  app l i ed  t o  a s o i l ,  t h e  Olsen- 

-ex t rac tab le  phosphorus increases by an amount A P ,  which i s  equal t o  the amount 

o f  f e r t i l i ze r -phosphorus  appl ied,  d i v i d e d  by the  weight o f  the  s o i l  i n  t h e  

sur face l aye r .  The amount o f  Olsen-extractable phosphorus decreases w i t h  time, 

and t h i s  decrease may be described as a f i r s t  o rder  reac t i on  i n  the  f e r t i l i z e r -  

-phosphorus concentrat ion: 

where k i s  a r a t e  constant.  I neg ra t i on  o f  t h i s  equat ion gives: 

where the constant  equals i n  APo, the  na tu ra l  l oga r i t hm o f  the  amount o f  Olsen- 

-ex t rac tab le  fe r t i l i ze r -phosphorus  a t  t=O, t h a t  i s ,  a t  the  t ime o f  f e r t i l i z e r  

app l i ca t i on .  This equat ion may be w r i t t e n  as: 

from which i t  fo l l ows  t h a t  AP would decrease exponent ia l l y  w i t h  time. 



F i r s t  o rder  reac t ions  may be character ized by the  h a l f - l i f e ,  Tt, o r  t h e  

reac t ion ,  which i s  de f ined as: 

o r :  

Hence, the  h a l f - l i f e  i s  t h e  t ime requ i red  t o  conver t  h a l f  the  amount o f  

f e r t i l i ze r -phosphorus  i n t o  non-extractable froms. 

I n  r o t a t i o n a l  t r i a l s  a t  Breda and Tel Hadya, t h e  Olsen-extractablephos- 

phorus contents o f  s o i l s  i n  f e r t i l i z e d  and u n f e r t i l i z e d  p l o t s  were determined 

a tharves t1983,  t h a t  i s ,  about h a l f  a  yea r  a f t e r  the  a p p l i c a t i o n  o f  phosphorus 

f e r t i l i z e r  t o  the  f e r t i  1  i z e d  p l o t s .  The h a l f - l i v e s  o f  f e r t i  l izer-phosphorus 

i n  s o i l s  a t  Breda were i n  the  range o f  4-8 months, w i t h  an average o f  6.1 

months, and a t  Tel Hadya i n  the  range o f  6-10 months, w i t h  an average o f  7.8 

months. These values are  i n  the  same range as values repo r ted  by  Matar (1976) 

who obta ined h a l f - l i v e s  i n  the  range o f  8-10 months f o r  s o i l s  a t  Ezraa Exper i -  

ment S t a t i o n  i n  Southern Syr ia.  

The decrease i n  Olsen-extractable phosphorus i n  t h e  top  15 cm o f  s o i l s  

i n  f e r t i l i z e d  p l o t s  a t  Breda and Tel Hadya i s  p l o t t e d  i n  F igure  10. Phosphorus 

contents o f  s o i l s  i n  u n f e r t i l i z e d  p l o t s  (Po) a t  Breda were about 2.3 ppm and 

a t  Tel Hadya about 4.1 ppm. The value f o r  Po i n  F igure  10 (3.2 ppm) the re fo re  

represents an average f o r  the  two s i t e s .  S i m i l a r l y ,  a  h a l f - l i f e  o f  7  months 

represents an average f o r  the  two s i t e s .  It fo l l ows  from F igu re  10 t h & t  a  

subs tan t i a l  amount o f  f e r t i l i ze r -phosphorus  app l ied  i n  the  f i r s t  seasoh, would 

be ava i l ab le  t o  a  r r o p  i n  the  second season ( res idua l  e f f e c t ) .  

Olsen-extractable phosphorus contents i n  s o i l s  a re  on l y  one f a c t o r  i n  

determin ing the  a v a i l a b i l i t y  o f  phosphorus t o  the  crop. Other f a c t o r s  inc lude 

t h e  d i s t r i b u t i o n  and dens i t y  o f  roots, the presence o f  VA mycorrhiza, the  s p a t i a l  



d i s t r i b u t i o n  o f  phosphorus i n  the  s o i l  p r o f i l e ,  s o i l  moisture and temperature 

condi t ions,  and the  composit ion of t h e  s o i l  so lu t i on .  Therefore, the  r e s u l t s  

o f  the Olsen-test have t o  be i n t e r p r e t e d  w i t h  some caut ion, and o the r  f a c t o r s  

t h a t  c o n t r i b u t e  t o  the e f f e c t i v e  a v a i l a b i l i t y  o f  phosphorus t o  the  crop, 

i n  p a r t i c u l a r  the  concentrat ion o f  orthophosphates i n  so lu t ion ,  and s o i l  

moisture condi t ions,  have t o  be considered as we l l .  
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T a b l e ] .  Important calcium phosphates and some o the r  calc ium minerals i n  

calcareous s o i l s  (Lindsay, 1979; Lindsay and Vlek, 1976). 
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Or: d ica lc ium phosphate anhydrous (DCPA). 

" Occurs i n  two d i s t i n c t c r y s t a l l i n e  forms ( d -  and 0-TCP). w i t h  d i f f e ren t  

s o l u b i l i t i e s .  



Table 2. Equ i l i b r i um  constants f o r  s o w  important  reac t ions  i n  ca lcareous iso i l s  

i n v o l v i n g  calc ium phosphates (Lindsay. 1979). 
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l i r j u r ~  I .  Abundance o f  Dllo\plloru', i n  igneou5 rocks, limestone. and selected 

\ o i l s  i n  Alclyto Pruvinw (Milovsky. 198'2; Hedley. 1982). 
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Figure 2. Aqueous ac t iv i t i es  o f  calcium and carbonate species i n  equilibrium 

with calcite,  as a function of pH. The dotted l ines denote the 

equilibrium composition o f  pure CaCOj-Hz0 systems a t  C02 levels of 
* 0.03% ( l e f t )  and 1.0"; ( r ight ) .  

1.o0/0 CO, 



Figure 3 .  pH of aqueous solut ion i n  equi l ibr ium with ca lc i t e  a t  a COP leve l  

of 0.03% ( v l v ) .  as a function o f  the concentrations (mill) Of 

monovalent cations ( r i g h t )  o r  anions ( l e f t ) .  



Figure 4 .  Ac t i v i t y  coefficients of monovalent ( '41) and d iva lent  ions ( r2). 
calculated from the Davies equation, i n  aqueous solution i n  equ i l i -  

brium wi th  c a l c i t e  (0.03% C O z ) ,  as a function of the concentrations 

(mol / l )  of wonovalent cations ( r i g h t )  o r  anions ( l e f t ) .  
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Figure 5. Aqueous phosphate species,expressed as mole fract ions,  MF, p lot ted  

as a function o f  pH i n  solution. 
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Figure 6. Schematic representation of pH and orthophosphate concentration 

as a function o f  distance to  a phosphate f e r t i l i z e r  granule. 
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Figure 7. Aqueous calcium and carbonate species i n  e q u i l i b r i u m  w i t h  c a l c i t e ,  as a f unc t i on  of COZ l e ve l  

( l e f t ) .  Total inorgan ic  phosphate concentrat ions i n  aqueous s o l u t i o n  i n  equ i l i b r i um  w i t h  

c a l c i t e  and d i f f e ren t  calc ium phosphates (see Tables 1 and 2)  as a func t ion  o f  C 0 2  l e v e l  ( r i g h t )  
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Figure 8. Aqueous calcium, carbonate and sul fa te  species i n  equi l ibr ium with c s l c i t i  and gypsum, as a 

function o f  C02 leve l  ( l e f t ) .  Total inorganic phosphate concentrations i n  bqueous solution 

i n  equilibrium with c a l c i t e  and gypsum, and d i f fe ient  calcium phosphates (ske Tables 1 and 2 )  

as a function o f  C02 leve l  ( r i g h t ) .  
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I 9 .  fiAq~neooC, talc i u n ~  and hydrogen ion a c t i v i t i e s ,  and t o t a l  inorganic 

~rtlosvl,atr concentrations i n  equi l ibr ium with c a l c i t e  o r  c a l c i t e  

111"s gyp5um. and /3 -tricalcium-phosphate, as a function of 

C02 l e v e l .  
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Figure 10. The decrease i n  Olsen-extractable phosphorus wi th  time i n  so i l s  

tha t  received 60 kg PzOgIha a t  t -0,  for  a n i n i t i a l  phosphorus 

content o f  3 . 2  ppm (broken l i n e )  and a h a l f - l i f e  of 7 months 

(dotted l i n e ) .  The flrst and second growing season following 

the appl icat ion o f  f e r t i l i z e r  are indicated by arrows. 
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INTRODUCTION 

I n  Northern Syr ia  approximately 750,000 ha o f  b a r l e y  are  grown 

each year .  This  i s  almost exc lus i ve l y  found under r a i n f e d  cond i t ions  

i n  an eco log ica l  zone charac ter ized by seasonal p r e c i p i t a t i o n  t o t a l s  

between 150 and 350 mm. This p r e c i p i t a t i o n  i s  unimodal ly d i s t r i b u t e d  

i n  t ime and f a l l s  l a r g e l y  i n  the  cool w i n t e r  season. I n  t h i s  area 

ba r ley  i s  t r a d i t i o n a l l y  grown as, e i t h e r  a  continuous crop, o r  i n  a  

two course f a l l o w l b a r l e y  r o t a t i o n ,  o r  i n  more complex permutat ions o f  

f a l l o w  and bar ley .  Y ie lds  o f  ba r ley  a r e  genera l l y  low (< 1  t / ha  o f  

g r a i n )  and cash investment i n  improved management p rac t i ces  such as 

the  a d d i t i o n  o f  f e r t i l i z e r  i s  genera l l y  minimal. 

I n  t h i s  study we have examined t h e  c h a r a c t e r i s t i c s  o f  the  

p r e c i p i t a t i o n  regime o f  th ree  s i t e s  i n  Northern Syr ia i n  the  l i g h t  

o f  the manner i n  which they i n f l uence  crop management decis ions and 

how t h e  importance o f  t h i s  i n f l uence  may vary w i t h i n  a  s i n g l e  eco log ica l  

zone. The s i t e s  selected a r e  representa t ive  o f  the  wet, in termediate 

and dry  phases o f  t h e  eco log ica l  zone i n  quest ion. The s i t e s  were 

Aleppo (36"111N, 37"13'E), Breda (35"55'N, 37"lO'E) and Khanasser 

(35"47'N, 37"301E) f o r  which the long term average seasonal p r e c i p i t a t i o n  

t o t a l s  a r e  332, 278 and 214 mm respec t i ve l y  (Dennett, Keatinge and 

Rodgers, 1984). 



DATA AND METHODS 

D a i l y  r a i n f a l l  data f o r  t h e  th ree s i t e s  described were obtained 

f rom the Syr ian M i n i s t r y  o f  Defence, Meteorological Department. Record 

lengths  ranged from 26 years a t  Aleppo t o  15 years a t  Khanasser b u t  

some years were incomplete. The p r e c i p i t a t i o n  season was taken as 

August t o  J u l y  i n  accordance w i t h  cropping pat terns.  

The method o f  ana lys is  adopted was t o  fit r a i n f a l l  models o f  t he  

form described by Stern, Dennett and Dale (1982). These describe how 

the  p r o b a b i l i t y  o f  r a i n  occur r ing  on any day and the  frequency d i s t r i -  

bu t ions  o f  r a i n f a l l  amounts vary throughout the  year. Days w i t h  l ess  than 

2 mm of r a i n  were considered t o  be dry. F u l l  methodological d e t a i l s  

and more complete meteorological  r e s u l t s  a re  g iven i n  Dennett, Keatinge 

and Rodgers (1984). 

RESULTS AND DISCUSSION 

Sowing Time 

There a r e  i n d i c a t i o n s  i n  t h i s  eco log ica l  zone t h a t  e a r l y  crop 

establ ishment and canopy development o f  b a r l e y  a re  associated w i t h  

h igher y i e l d s  (Cooper -- e t  al. ,  1981 and Cooper, Keatinge and Hughes, 

1983). However, e a r l y  sowing w i l l  on l y  prove t o  be an advantage i f  

germinat ion a l s o  occurs e a r l y  and i f  the crop can surv ive  p o t e n t i g l  

drought cond i t ions  a t  t he  seedl ing stage. For germinat ion t o  occtlr 

moisture must penetrate the  upper s o i l  p r o f i l e  over the  range i n  

seeding depth 2-12 cm. Whether, such moisture penet ra t ion  w i l l  occur 



w i l l  depend upon several f ac to rs :  the  amount o f  ra in ,  the  number o f  

days over which i t  f a l l s ,  t h e  associated atmospheric demand f o r  moisture 

over those days and t h e  r e l a t i v e  dryness o f  t h e  s o i l  surface. Use o f  

the  r a i n f a l l  models described i n  Dennett, Keatinge and Rodgers. 1984, 

a l lows examinat ion o f  a wide range o f  a l t e r n a t i v e  d e f i n i t i o n s  o f  the  

events capable o f  causing crop germinat ion. We have se lec ted  two such 

d e f i n i t i o n s  f o r  purposes o f  i l l u s t r a t i o n .  

The data shown i n  Table 1 i n d i c a t e  t h a t  germinat ion a t  the  we t tes t  

s i t e .  Aleppo, can be expected t o  occur 10-20 days e a r l i e r  than a t  the  

d r i e s t  s i t e  Khanasser. This  w i l l  con fe r  a p o t e n t i a l  y i e l d  advantage t o  

the  we t te r  s i t e  by  extending t h e  du ra t i on  o f  t h e  e f f e c t i v e  growth period. 

Th is  i s  caused by  the  warmer temperatures (F igure  1 )  causing more r a p i d  

seed1 i n g  emergence and canopy development which general1 y r e s u l t s  i n  

improvements i n  crop water use e f f i c i e n c y  (Cooper, Keatinge and Hughes. 

1983). For t h i s  e f f e c t  t o  be o f  importance seedl ing emergence needs t o  

occur be fore  a i r  temperatures f a l l  t o  normal w i n t e r  l e v e l s  as t y p i f i e d  

by December and January. 

Fo l lowing crop germinat ion, the  su rv i va l  o f  the  crop i n  the  seed- 

l i n g  stage i s  dependent on bo th  s to red s o i l  moisture from t h e  germinat ing 

event and the l eng th  o f  t ime be fo re  the  succeeding event o f  e f f e c t i v e  

magnitude. I n  F igure  2a and b t h e  data presented i n d i c a t e  t h a t  g iven a 

germinat ion date o f  mid-November 13-2 years o u t  o f  t en  t h e  crop a t  

Khanasser w i l l  have t o  w i ths tand a drought o f  >20-30 days durat ion.  For 

the  o the r  s i t e s  t h e  p r o b a b i l i t y  o f  t h i s  type o f  seedl ing drought i s  l ess  

than one year  i n  ten. However, i t  can be seen i n  F igure  2 t h a t  as the  

germinat ion date i s  advanced i n t o  e a r l y  November t h e  r i s k  o f  exper iencing 

such an event begins t o  increase subs tan t i a l l y .  



On the evidence o f  t h i s  analysis ear ly  sowing would be recdmnded 

f o r  the wetter phase o f  the ecological zone and some need f o r  ca t i o n  
seems indicated f o r  the d r i e r  phase. However, t h i s  recommendati f n i s  

strongly influenced by sowing method considerations and t h e i r  inf luence 

on crop germination. 

Sowing Method 

It i s  a common pract ice i n  t h i s  ecological zone f o r  farmer$ t o  

sow t h e i r  crops dry wel l  before the l i k e l y  s t a r t  o f  the ra iny season 

( f o r  migratory labour reasons). This means tha t  t h e i r  r i s k  o f  eiperiencing 

post germination drought i s  substantial.  However, t h e i r  t r ad i t i i j na l  sowing 

method provides a buf fer ing capacity against complete crop loss  i rom t h i s  

drought r i sk .  I n  t h i s  method the land i s  r idged up e i t he r  by "fdddan" 

plough o r  ducks foo t  cu l t i va to r ,  seed i s  then hand-broadcast a t  d high 

ra te  (100-150 kg/ha) over these r idges and the ridges are then s p l i t  

burying the seed a t  h igh ly  var iable depths from 2-12 cms. As a r e s u l t  

i t  i s  possible t o  have p a r t i a l  germination o f  the shallower placed seed 

from a l i g h t e r  germinating r a i n  event. This por t ion o f  the cropimay be 

k i l l e d  by drought,but i f  so,the deeper placed seed of ten remains t o  be 

germinated 1 a te r  thus providing a thinner, bu t  probably adequate, replace- 

ment crop stand. 

Unfortunately, the use o f  seed d r i l l s ,  which are being introduced 

i n t o  these areas, by sowing a t  a more constant and shallower depth (5  crn) 
1 do no t  incorporate t h i s  useful "insurance factor." Cooper -- e t  a1 ,, (1981), 

have recorded a 9% y i e l d  increase by d r i l l i n g  over the t rad i t i ona l  farmdr 

pract ice i n  a year wi th  wel l  d is t r ibu ted  and above average prec ip i ta t ion.  



The d i f f e rences  between s i t e s  shown i n  F igure  2 suggests t h a t  t h e  

r i s k  o f  seedl ing stage drought should be a  ser ious cons idera t ion  be fore  

recomnendations are  made f o r  d r i e r  s i t e s  concerning techno log i ca l l y  

"improved" sowing methods. 

N i t rogen Top Dressing 

I n  the  d r i e r  b a r l e y  growing areas, as represented by  Breda and 

Khanasser, farmers r a r e l y  app ly  n i t rogen  f e r t i l i z e r  t o  r a i n f e d  ba r ley  

crops. However, a t  the  wet te r  end o f  t h e  eco log ica l  zone, and i n  cases 

o f  farmers growing continuous bar ley ,  some n i t rogen  may be added o r  i f  

not ,  t he re  i s  a t  l e a s t  a  considerable p o t e n t i a l  f o r  a  supplemental 

add i t i on .  S i m i l a r l y ,  a t  Breda and Khanasser t h e  wide range i n  annual 

r a i n f a l l  experienced (F igure  3 ) .  i nd i ca tes  t h a t  i n  good years top  

dressing w i t h  N f e r t i l i z e r  might  be a  p r o f i t a b l e  s t ra tegy  where s o i l  

N  l e v e l s  a re  low. 

I f  a  farmer i s  t o  be a b l e  t o  take advantage o f  these b e t t e r  

seasons, top  dressing would have t o  take p lace no l a t e r  than March 1s t .  

Th is  i s  t o  ensure t h a t  t he re  w i l l  be adequate t ime f o r  the  f e r t i l i z e r  

t o  become a v a i l a b l e  t o  the  crop and f o r  t h i s  t o  occur a t  an e a r l y  

enough crop growth stage t o  be e f f e c t i v e  i n  increas ing  y i e l d .  As a  

r e s u l t  h i s  dec i s ion  has t o  be made on a  bas i s  o f  r a i n f a l l  received, 

bu t  c l e a r l y  the  l a t e r  t h i s  can be deferred,  t h e  l e s s  i s  the  r i s k  o f  him 

making a  wrong decis ion.  I n  Table 2 t h e  data shown i n d i c a t e  t h a t  a t  

Aleppo, i n  more than f i v e  years o u t  o f  ten, more than 200 mm w i l l  have 

f a l l e n  by March 1st.  Top dressing w i t h  N i n  these years would be 

1  i k e l y  t o  be a  p r o f i t a b l e  management p r a c t i c e  where s o i l  N l e v e l s  a r e  

low. I n  contrast ,  a t  Khanasser and Breda a  farmer would on l y  have 

received t h i s  amount o f  r a i n  one and th ree  years o u t  o f  t en  respect ive ly ,  

f e r t i l i z e r  a p p l i c a t i o n  the re fo re  would appear t o  be a  h igh  r i s k  p rac t i ce .  



Choice o f  Cul t i v a r  

I n  the near future,  farmers i n  Northern Syria may have the  opt ion 

o f  choosing t o  seed one of several po ten t i a l l y  higher y ie ld ing  genet ica l ly  

uniform cu l t i va rs  ra ther  than the t rad i t i ona l  landraces. One i q o r t a n t  

f ac to r  which w i l l  inf luence the success o f  t h e i r  decision w i l l  k the 
time t o  matur i ty  o f  the improved cu l t i va r .  I n  t h i s  ecological mne, 

crops are of ten dependent on very inadequate s o i l  moisture reserves during 

t h e i r  g r a i n - f i l l i n g  period. As a resu l t  i f  very l i t t l e  p rec ip i t a t i on  i s  

received i n  the g r a i n - f i l l i n g  phase, the farmer runs the r i s k  o f  having 

a crop consist ing o f  large proport ion o f  small o r  shr ive l led grains. These 

w i l l  not  only resu l t  i n  lower y ie lds  but  may e f f e c t  the v i a b i l i t y  o f  h i s  

seed-stock f o r  the fo l lowing year. The r i s k  o f  such an event can be seen 

from the data i n  Figure 4 t o  vary substant ia l ly  between s i t es  and t o  

increase f o r  every addi t ional  seven days i n  which anthesis i s  deferred 

a f t e r  Apr i l  14 (a typ ica l  value f o r  the loca l  landrace Arabic black). 

It i s  c lear  therefore that, a t  a very dry s i t e  such as Khanasser, 

i f  very ear ly  "improved" cu l t i va rs  can be made avai lab le  t h i s  might ass i s t  

i n  reducing the r i s k  o f  inadequate g ra in  s ize and wo~rld help t o  s t a b i l i z e  

y i e l d  leve ls  i n  years w i t h  a potent ia l  l yd ry  g r a i n - f i l l  i ng  period. 

Furthermore, t o  combat t h i s  r i s k  a t  dry s i t e s  i t  would seem feas ib le  

tha t  farmers might adopt a po l i cy  of harvesting the crop green f o r  hay 

around anthesis (current ly  an unknown pract ice i n  t h i s  region) thereby 

a r t i f i c i a l l y  c u r t a i l i n g  the growth season and reducing the cropsL seasonal 

moisture requirement. Any y i e l d  loss sustained by t h i s  pract ice might be 

o f f s e t  by a l i k e l y  improvement o f  the feeding value o f  the hay over t h a t  

o f  the straw (Thomson, Nordblom and Bahhady, 1984). Straw, value of ten 

being equivalent t o  tha t  o f  gra in  i n  t h i s  area (Nordblom, 1983). 



Phosphate Appl i c a t i o n  

I n  s o i l s  where t h e  l e v e l  o f  p l a n t  a v a i l a b l e  phosphate i s  low, i t  

i s  ev ident  t h a t  the  phenological development o f  b a r l e y  can, under c e r t a i n  

environmental cond i t ions ,  be s t r o n g l y  in f luenced by t h e  a d d i t i o n  o f  

phosphate f e r t i l i z e r  (Cooper -- e t  a1 ., 1981; Cooper, 1983 and Cooper, 

Keatinge and Hughes, 1983). This  i n f l uence  i s  genera l l y  expressed as an 

increased r a t e  i n  developme~t,  r e s u l t i n g  i n  phys io log i ca l  m a t u r i t y  

occur r ing  up t o  10-14 days e a r l i e r i n c r o p s  r e c e i v i n g  supplemental phosphate. 

As a  r e s u l t  the  r i s k s  faced by  l a t e r  matur ing crops (F igure  4 )  may 

be reduced by a p p l i c a t i o n  o f  phosphate. This would a s s i s t  i n  the 

promotion o f  y i e l d  s t a b i l i t y  and i s  p a r t i c u l a r l y  app l i cab le  t o  the  d r i e s t  

areas such as Khanasser where the r i s k  o f  terminal  drought i s  h ighest .  

This  b e n e f i t  from phosphate i s  probably add i t i ona l  t o  t h a t  o f  y i e l d  

increases t h a t ,  per se, a r e  gained f rom an o v e r a l l  reduc t ion  o f  crop -- 
n u t r i e n t  s t ress.  



Choice o f  Crop Species 

I n  t h i s  ecolagical zone, p a r t i c u l a r l y  i n  i t s  d r i e r  ha l f ,  bat ley 

i s  v i r t u a l l y  the only crop grown. The pr inc ipa l  reason given by karmers 
i n  Northern Syria f o r  t h i s  pract ice seems t o  be inadequate r a i n f a l l  t o  

support other crops, (Somel, 1984). However, the potent ia l  value o f  

other crops are cur ren t l y  under consideration by ICARDA sc ien t i s ts  such 

as annual legume forages (Keatinge, Cooper and Hughes, 1984) and permanent 

pastures (Ceccarel l i .  1982). The re turn frequency o f  very dry years 

would seem t o  be a powerful consideration i n  the fu tu re  decision t o  be 

faced by farmers as t o  the possible in t roduct ion o f  new crops i n t o  t h e i r  
ro ta t ions w i th  barley. O r  furthermore, possibly abandoning bar ley 

altogether and opting f o r  permanent pastures. A t  Khanasser f o r  example, 

i t  can be seen from the data i n  Figure 3 t ha t  a t  l eas t  four  years out o f  

ten the s i t e  w i l l  have a seasonal r a i n f a l l  of less than 175 mm. TO grow 

bar ley i n  such dry years must increase the r i s k  o f  s o i l  degradation and 

erosion substantial 1 y and eventual1 y encourage dese r t i f  ication. A 
permanent pasture, o f  acceptable product iv i ty,  would seem t o  be a desire- 

able and i n  the long run probably p ro f i t ab le  a l te rna t i ve  crop t o  barley 

for  farmers a t  very dry iocations. Addi t ional ly,  a t  Breda, though the 

re turn frequency o f  very dry  years i s  h a l f  tha t  o f  Khanasser, i t  i s  s t i l l  

not  ins ign i f i can t .  The i l lc lus ion o f  more shorter durat ion hay crops, 

pa r t i cu la r l y  those o f  the nnnual legumes, i n t o  farmer's ro ta t ions may be 

a mechanism i n  which greate- y i e l d  s t a b i l i t y  can be obtained a t  such 
locat ions.  



I n  a w e t t e r  s i t e ,  as represented by  Aleppo, t h e  r i s k  o f  a very 

d ry  year  (< 175 mm) i s  low approximately 2% (F igure  3 )  and as such 

suggests t h a t  farmers have a much wider choice o f  p o t e n t i a l l y  p r o f i t a b l e  

crops t o  grow and as such t h i s  s i t e  represents a t r a n s i t i o n a l  phase i n t o  

the nex t  we t te r  eco log ica l  zone which i s  dominated by wheat, g r a i n  legume 

and s u m e r  grown crops (water melon, sesame, e tc . ) .  
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TABLE 1 Median dates for rain events causing germination after 
selected sowing dates. 

a) Conditional on receiving > 10 mm in three days. 

Median date 
following ALEPPO BREDA KHANASSER 

b )  Conditional on receiving > 20 mm in three days. 

Median date 
following ALEPPO BREDA KHANASSER 



TABLE 2 The probabil i ty of receiving different amounts of seasonal 
precipitation by March 1st. 

Probability of 
receiving 

rainfall (mm) 
less than ALEPPO BREOA KHANASSER 



Air Temperature "C 







Figure 3. The probability of attaining specific seasonal 
precipitation totals at three sites in Northern 
Syria. 
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INTRODUCTION 

A critical dimension of barley production appears to be the 

rotations practiced. In the Barley Survey conducted in 1981183, in 

order to gain a better understanding about rotations, two specific 

questions were asked to fanners about the largest plot of barley: 11 

1. What crop was on the largest plot in 1980/81? 

2. What was the usual crop rotation practiced on the largest 

barley plot? 

It was expected that the answers to the first question could 

then be related, along with other things, to yields in 1981182. This 

would have given fairly concrete evidence about the effects of different 

rotations. However, 1981/82 turned out to be a rather poor year for 

barley production due to adverse climatic conditions. Consequently, low 

yields were realized and in many cases fields were grazed. Until now, 

this has perevented us from establishing a meaningful correspondence 

between "crop on plot in 1980181" and yields in 1981182. However, it 

was possible to look at the effects of rotations through another pers- 

pec t ive . 

11 Complete and detailed information about production practices, inputs - 
and yields were sought for the largest barley plot. 



This perspective uses information from the answers to the second 

question presented above and information utilized in deriving long-run 

yield expectations of barley producers. 1 /  

One point needs to be emphasized: the question about the usual crop 

rotation was asked in relation to the largest barley crop. Subsequently, 

in other parts of the barley survey questionnaires, questions were asked 

about expected yields in good. poor and normal years. However, these 

expected yields were asked in general terms and not in relation to the 

largest barley plot specifically. 

If different crop rotations have different effects on yield levels 

and if fanners have different rotations on different plots, then the results 

of this paper have to be viewed with caution. 
21 

This is because we will essentially be relating usual crop rotations 

on the largest plot to yield expectations related to the farm as a whole. 

We suspect that inter-plot differences on a farm are not that great to 

totally invalidate the results of this paper. However, as we have no 

supporting evidence we would like to recommend caution and a reasonable 

amount of healthy skepticism. 

11 For details of this, cf. K. Somel, "Long Run Yield Expectation of Barley - 
Producers in Syria," FSPIICARDA, February 1983. (Mimeo). 

21 Caution is necessary if there are significant yield differences between' 
plots in a farm due to other reasons. 



The number of plots that farmers have can be considered as a 

basis for this skepticism: 

a. Average number of barley plots are 3.05 in West Syria and 
2.32 in Northeast Syria. The differences are significant 
at 2 percent. 

b. Differences in the number of barley plots between zones are 
significant (at 10 %) only in West Syria; 2.87 for Zone 2, 
2.79 for Zone 3 and 3.83 for Zone 4. 

c. Only 10.9 percent of the farmers in the West have only one 
barley plot whereas 41.7 percent of the farmers in the North- 
east have only one barley plot. Those who have two plots 
comprise 34.1 percent of the farmers in the West and 29.8 
percent in the Northeast. The percentage of farmers who have 
four plots or less is 85.6 percent in the West and 92.9 percent 
in the Northeast. 

The dominant rotations are barley-fallow (B-F), continuous barley 

(B-B) and barley-barley-fallow (B-B-F). The first two rotations essentially 

cover 76.8 percent of the barley producers in the sample but B-F is dominant 

in the West whereas B-B is dominant in the Northeast. (Table 2). We also 

checked whether the planting of barley on the largest plot in 1981182 was 

consistent with the usual crop rotations on this plot. It was found that 

at least 16 farmers (10.5 %) were deviating from their declared crop 

rotations. (Table 3). 

ROTATIONS AND YIELD EXPECTATIONS 

In this section we will try to related yield expectations to rotations. 

Two points need to be emphasized in this respect: 

a) The yields that occur in a given year may differ from expectations 

for such a year because expectations may suffer from random and 

systematic errors due to their subjective nature. Consequently. we 

should bc careful in extending results about yield expectations to 

actual yields. 



b) Numerous factors may influence the formulation of expectations 

such as the environment, input use, practices, etc. For the 

purposes of this paper, we will be looking at whether yield 

expectations differ between different rotations, ignoring the 

effects of these other factors. This does not mean that we do 

not recognize their importance and possible effects; they will 

be analyzed in future studies. 

In results not presented here, it was found that the category of 
I t  Other" rotations was invariably a highly heterogeneous entity and it 

had considerably higher yields than the three dominant rotations of B-F, 

B-B and B-B-F. Consequently, we exluded this relatively atypical and 

non-uniform category in further analysis. 

In Table 4, long run expected yields are presented by rotations. 

Tests of significance of yield differences between rotations were conducted 

only for the West, Northeast and total Syria (Northern). Tests were not 

conducted on a zonal basis in each regime due to the lower number of 

observations at this level. 

The results indicate that in long run yield expectations, 1 / 

significant differences exist between B-F and B-B-F and between B-B and 

B-B-F. The differences between the two dominent rotations of B-B and B-F 

are not significant. This, on the surface, appears to be not in conformity 

with the results of FSP trials. 

11 The number of observations in Table 4 are lower because not all farmers - 
were able to give a distribution of good, poor and normal years. 



In FSP trials, there is evidence of yield advantages of B-F 

rotations over continuous barley. However, the drier sites in which 

these trials have been conducted have a B-F rotation as the dominant 

practice rather than continuous barley." In other words, if connnon 

practices of farmers reflect the wisdom of experience, continuous barley 

has been found to be unsuitable for these areas. 

The same principle, i.e., common practices can also be used in 

interpreting the results of the survey. Notice that B-F is dominant in 

the West and continuous barley is dominant in the Northeast. In other 

words, the exception of the rule is B-B in the West and B-F in the North- 

east. It can be hypothesized that these exceptions can not survive unless 

they perform at least as good as the dominant practice. It is also possible 

that these exceptions may occur in environments more suitable to them. It 

is difficult to check for this at the level of generality of zones. 

In conclusion then, yield expectations based on current technology 

and on different rotations indicate that an adaptation process may have taken 

place whereby different rotations have found their niches in ideal locations 

and perform quite satisfactorily as compared to the averages of dominant 

practices. 

The -challenge now is to find ways of improving the level and stability 

of agricultural production through technological change. This necessitates 

research on introducing viable practices, inputs and alternative rotations. 

1/  These sites are Breda and Khanasser. The three other sites are in higher - 
rainfall areas which are fertile and barley is produced in more complex 
rotations. 

2/ Other factors of a socio-economic nature may be causing the dominance of - 
continuous barley, also popularly known as "mining" barley. 
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TABLES 

a. Notation: 

- 
x : the average 

s : standard deviation-presented in parentheses 

n : number of observations 

I : statistically not different from zero. 

b. The results for significance of differences are based on F-tests 

from one-way analyses of variance. 

c. Some percentages may not add up to 100 due to rounding. 



U 
0 
r( 

a 
X 
a, 
4 
!+ 
m 
D 

U 
m 
w 
2 
m 
r( 

0) 

5 
c 
0 

a 
0 
!+ 
U 

? - 
U 

0 
U 

M 
C. 

.d 
rJ 
u 
0 
U 
U 
m 
m 
u 
w 
U 
1 v 
0 
!+ 
a 
X 
al 
4 
!+ 
m 
e 
u- 
0 

e 
0 

.A 
U 
3 
e 
.A 
u 
U 
m 
.ri 
a 
a -  
M W  
m \  
&1 0 
c m : z 
u 
01 C 
P. .r( 

- 
w 
r( 

D 
m 
C 

I 
4 I 
C l l  i 
a1 n 
* I  AJ 
I 0  

1 r - I 
z I 

I 

I U 
I m 
I m 
I w 
I .c 

41 U 
H I  u 
a1 0 
* I  Z 
,I 

I . I 
Zz.l U 

I V) 
1 0  

1 
I u 
I m 
I m 
I w 
I C 
1 U 

U l  !+ 
1 0  

W I Z  
Z I 
0 1 
N I 

I 
I U 
I m 

I 2  
I 

I u 
I m 
I n 
I w 
I s 
I U 

m l  N 
1 0  

W I Z  z I 
o I 
N I 

I 
I U 
I V) i 2 
1 iJ 
I V) 
I m 
1 0  
I .c 
I U 

N I  $4 

I 0  
W I Z  
Z I 

I 
N I 

I 
I u 
I m 
I g 
I 



Table 2. Percentage distribution of barley producers according to the usual rotation practiced on the 
largest barley plot in 1980/81. 

ZONE 2 ZONE 3 ZONE 4 N. SYRIA N. SYRIA ---------------- ---------------- ---------------- ---------------- ---------- 
West Northeast West Northeast West Northeast West Northeast Total 

Barley-Fallow 66.7 33.3 50.0 18.5 63.3 8 .3  60.1 17.9 36.9 

Barley-Barley 13.3 28.6 29.2 40.7 20.0 83.3 20.3 56.0 39.9 

Barley-Barley-Fallow 10.0 33.3 8 .3  40.7 16.7 8.3 10.9 25.0 18.6 
8 

Other 

n 



Table 3. Consistency of declared usual rotations with crop on largest  
barley p lo t  i n  1980/81 (number of farmers). 

- - ~ ~-~ -- ~~ ~~~ 

ROTATION Barley-Fallow Barley-Barley B-B-F Other Total 

Croe Last Year --- ---------- 
Fallow 50 0 6 0 56 

Barley 7 5 9 1 7  1 8 3 

Other 0 3 6 6 15 

Total 57 6 1 29 7 153 



Table 4. Average long run expected yields (kg/ha) according to the usual rotation practised on the 
largest plot. 

ZONE 2 ZONE 3 ZONE 4 N. SYRIA N. SYRIA ---------------- ---------------- ---------------- ---------------- ---------- 
West Northeast West Northeast West Northeast West Northeast Total 

Barley-Fallow jz 385.0 
S 

n 11 

Barley-Barley j; 1119.3 
s 
n 3 

Barley-Barley- ji 1416.0 
Fallow s 

n 3 

Significance level 
of yield differences 
between : 

a. BF, BB and BBF ............................................... I 2 2 2 % 

b. BF and BB ............................................... I I I 

c. BB and BBF ............................................... I 1 X 2 X 
d. BF and BBF ............................................... 10 X I 2 X 
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SUMMARY 

Barley i s  a h ighly  v e r s a t i l e  crop grown i n  Cyprus f o r  g r a i n  and 

straw, f r e s h  forage,  o r  hay production. It grows r e l a t i v e l y  f a s t  during 

t h e  winter ,  thereby reaching matur i ty  before  t h e  onse t  of very dry condi t ions  

Moreover, i t  s u f f e r s  l i t t l e  from d i seases  and p e s t s  and, because of i t s  

f a s t  growth, it smothers weeds, including wild o a t s .  These m e r i t s  have 

e s t a b l i s h e d  bar ley  a s  t h e  major agronomic r a i n f e d  crop, which i s  grown on 

90 % of t h e  c e r e a l  acreage.  Ra in fa l l  over the  per iod  October-April ( t h e  

r a iny  season) i s  on average 300 m, but v a r i e s  considerably both i n  amount 

and i n  d i s t r i b u t i o n .  I n  two out  of t e n  years ,  it w i l l  be h igher  than 375 nun, 

and i n  another  two it w i l l  be l e s s  than 270 mm. The success of  bar ley  under 

these  condi t ions  has been shown t o  be due t o  i ts  water  requirement matching 

the  average r a i n f a l l ,  i . e .  it r equ i re s  about 300 mm of water.  The s o i l s  a r e  

ca lcareous  ( they  con ta in  20-30 % CaCO,) and a r e  inhenrent ly  d e f i c i e n t  i n  N 

and P ( they  conta in  0.1 % N and 1-5 ppm bicarbonate e x t r a c t a b l e  P), but a r e  

well  supplied with K ( they  conta in  300 ppm exchangeable K). Therefore, N and 

P, but not  K ,  must be supplied through f e r t i l i z i n g .  One ton of bar ley  sheaf 

(g ra in  + straw) dry mat te r  removes about 12 kg N .  For continuous bar ley  

growing, which i s  p re sen t ly  the  p r a c t i c e  i n  Cyprus, 50-70 kg N and 15-20 kg 

PzOs/ha a r e  applied and g r a i n  y i e l d s  ranging between 2,500 and 4,500 kg/ha 

a r e  obtained.  Response t o  P was more pronounced i n  d r i e r  years ,  p a r t i c u l a r l y  

i f  only a  l imi ted  volume of s o i l  w a s w e t t e d i n  the  e a r l y  p a r t  of the  season. 

The threshold  value f o r  P s u f f i c i e n t l y  appears t o  be 6 ppm bicarbonate- 

e x t r a c t a b l e  P.  Nitrogen inva r i ab ly  increased concent ra t ion  of K i n  the s t raw 

l i n e a r l y ,  whereas phosphorus, decreased K i n  bar ley  forage when s o i l  K was 

j u s t  s u f f i c i e n t .  Nitrogen not  used because of drought,  remained i n  the  s o i l  

and was ava i l ab le  f o r  t h e  fol lowing crop. On t h e  o t h e r  hand, some excess 

of N d id  not  appreciably reduce y i e l d s .  To take b e s t  advantage of  whatever 

r a i n f a l l  occurs ,  adequate N and P should be appl ied .  However, excessive N 

a p p l i c a t i o n  must be avoided because, i n  add i t ion  t o  causing lodging, it 

inc reases  K concent ra t ion  i n  the  s t raw and consequently deple tes  s o i l  K 



reserves  f a s t e r ,  s ince  s t r aw i n  Cyprus i s  used as roughage. NO,-N was 

found t o  accumulate i n  the  s o i l  under bare fal low. Such n i t rogen 

accumulation may be more important than water conserved during the  fa l low 

year,  s ince  such water increased y i e l d  only i f  r a i n f a l l  during the  ensuing 

growing season was much below average. 



INTRODUCTION 

Barley has long been grown i n  Cyprus as t h e  major r a in fed  fodder 

crop. I t  is a highly  v e r s a t i l e  crop harvested green ( f a r r a s ) ,  cu t  from 

the  boot through the  milk s t age  f o r  making hay, o r  l e f t  t o  mature and be 

harvested f o r  g r a i n  and s t raw.  Under the  r e l a t i v e l y  mild winter  temperatures 

of Cyprus (Fig. 1) bar ley  grows f a s t e r  than wheat and matures about th ree  

weeks e a r l i e r  than wheat. Since spr ing  r a i n f a l l  is mostly i n s u f f i c i e n t ,  by 

v i r t u e  of i ts e a r l i e r  maturat ion,  bar ley  produces more s t a b l e  y i e l d s  than 

wheat. Grown a s  a forage crop bar ley  y i e l d s  twice a s  much d r y  mat ter  a s  

vetch o r  peas (Hadjichristodoulou, 1973, 1976). Moreover, bar ley  grown 

f o r  hay provides more t o t a l  d i g e s t i b l e  n u t r i e n t s  than ba r l ey  grown f o r  g r a i n  

and straw (Cyprus Agr icu l tu ra l  Research I n s t i t u t e ,  1983). These cons idera t ions  

as well a s  the  ready a v a i l a b i l i t y  of wheat g r a i n  a t  reasonable p r i c e s  on the  

world market, have prompted expansion of bar ley  a t  t he  expense of wheat, 

p a r t i c u l a r l y  f o r  the  production of roughage (hay, straw) f o r  a th r iv ing  

l ives tock  indus t ry .  Present ly ,  almost 90 X of the  a r e a  under r a in fed  c e r e a l s  

i s  cropped with bar ley  under complete mechanization. 

Trad i t iona l ly ,  the most popular r o t a t i o n s  f o r  bar ley  have been: 

barley-bare fal low, and barley-bare fallow-wheat. However, because of the  

urgent need t o  produce fodder from l imi ted  land, farmers p resen t ly  grow 

bar ley  on the  same land year-after-year.  They b u m  the  s tubble  i n  l a t e  

summer, i f  s t i l l  present  i n  burnable q u a n t i t i e s  following grazing by sheep, 

and immediately c u l t i v a t e  t h e  f i e l d ,  mostly with t i n e  c u l t i v a t o r s .  This 

produces a s a t i s f a c t o r y  seedbed f o r  e i t h e r  seeding a f t e r  the  r a i n s  o r  i n  

dry  s o i l .  

The s o i l s  used f o r  growing barley,  and o ther  r a in fed  crops, a r e  

medium t o  f i v e  textured,  ca lcareous  (20-30 X CaCO,), and low i n  organic  

mat ter  (about 1 X) , i n  N ( l e s s  than 0.1 X t o t a l  N) and P (1-5 ppm bicarbonate- 

ex t rac tab le  P), but a re  wel l  supplied with K (about 300 ppm exchangeable K). 



F e r t i l i z e r s  have long been r e a d i l y  ava i l ab le  t o  Cypriot farmers 

a t  reasonable p r i c e s .  Types conta in ing  N and PzOs i n  a  1:1.5 r a t i o  have 

a l l  along been popular ,  and j u s t i f i a b l y  so, f o r  basa l  app l i ca t ion .  Farmers 

a l s o  g r e a t l y  value the  use of farmyard manure i n  cereal growing, but the 

q u a n t i t i e s  a v a i l a b l e  a r e  l imi t ed  and the  c o s t  i s  high.  For continuous 

bar ley  growing they apply up t o  40 kg N ,  t oge the r  with 60 kg P~o$, per  

h e c t a r e  a t  seeding i n  e a r l y  December and top d r e s s  another  20 t o  40 kg N/ha 

a t  t i l l e r i n g ,  i n  e a r l y  February, depending on r a i n f a l l .  However, some 

farmers have r ecen t ly  s t a r t e d  applying a l l  t h e  f e r t i l i z e r  a t  seeding. 

V i r t u a l l y  a l l  r a i n f a l l  occurs  from October t o  Apr i l ,  t h e  period May- 

September being e s s e n t i a l l y  r a i n l e s s .  Of t h e  t o t a l  r a i n f a l l .  about 40 % 

occurs  i n  December and January. Over most of t h e  c e r e a l  growing area i n  

f i v e  out  of t e n  years  t o t a l  r a i n f a l l  w i l l  be l e s s  than 330 mm and i n  two 

of these  yea r s  it w i l l  he  even less than  270 m. On t h e  o the r  hand, i n  

two out  of  t en  years ,  it w i l l  be h igher  than 375 mm (Metochis, 1979). I n  

add i t ion  t o  being low, r a i n f a l l  i s  o f t e n  e r r a t i c a l l y  distributed, even i n  

yea r s  when it is r e l a t i v e l y  high, with the r e s u l t  than c e r e a l s  may s t i l l  

s u f f e r  water s t r e s s .  D i s t r i b u t i o n  may the re fo re  have an overr id ing  e f f e c t  

over t h a t  of t o t a l  r a i n f a l l  (Hadjichris todoulou,  1982). However, even under 

these  condi t ions ,  low N and P i n  u n f e r t i l i z e d  s o i l s  a r e  more l imi t ing  t o  

c e r e a l  growth than water ,  a  f a c t  recognized long ago by 1 , i t t l e john  (1946), 

who a l s o  concluded t h a t  the  ch ie f  value of bare f a l low l i e s  i n  the  accumu- 

l a t i o n  of N ,  and poss ib ly  P,  and not  i n  water  conservat ion.  H e  a160 

demonstrated t h a t  high y i e l d s  (high f o r  the  mid 19301s, i . e .  2.5 tbns  of , 
g r a i n  pe r  hec tare)  could be produced by continuous cropping f o r  a t  l e a s t  

10 years ,  i f  adequate N and P f e r t i l i z e r  was appl ied .  More r ecen t ly ,  

Loiz ides  (1958) showed t h a t ,  even a f t e r  fa l low,  wheat and bar ley  c o n s i s t e n t l y  

responded t o  N ,  but  the response t o  P was f a r  l e s s  c o n s i s t e n t .  



EXPERIMENTAL AND RESULTS 

(a) The NP Requirements of Barley Grown after Bare Fallow 

Further to ~oizides' (1958) experiments in the late 1940's - early 
19501s, it was considered necessary in the late 1960's to undertake 

a new series of experiments with barley (the work also comprised 

wheat), since yields had reached higher levels as varieties and 

management had improved. These experiments were made in farmers' 

fields over the period 1968-1978, and their results have been reported 

by Krentos and Orphanos (1979) and Orphanos and Krentos (1980). The 

highlights of these results can be summarized as follows: 

Despite long years of fertilizer use fields could be found. which were 

very low in bicarbonate-extractable P. In one such field, response to 

N was spectacularly conditional on adequacy of P and vice versa (Fig. 2). 

N fertilizing generally increased yields (Table I), but such increases 

were rather modest (the fields had been under bare fallow during the 

season preceding the experiment). It must also be noted that yields 

were not appreciably reduced when excessive N was applied. However, 

concentration of N in the grain and the straw increased linearly with 

increasing N rate, and N fertilizing also increased linearly the concen- 

tration of K in the straw (Table 2) .  

The threshold value for response to fertilizer P appeared to be 6 ppm 

bicarbonate-extractable soil P in the plough layer. Response to fertilizer 

P was small when rainfall was high, but very pronounced when rainfall was 

low (Fig. 3 ) ,  particularly if it fell in small installments in the early 

part of the season. Under such conditions only a shallow layer of soil 

was wetted and plants receiving P fertilizer grew markedly better, developed 

faster, and reached heading earlier than P deficient plants, which, however, 

did not exhibit any symptoms of P deficiency other than reduced growth. 



(b) Yields and P Contents of Forage Barley Grown i n  a P Deficient  S o i l  

This  experiment was i n i t i a t e d  a t  Athalassa i n  the  1980-1 growing 

season on a s o i l  conta in ing  3 t o  5 ppm bicarbonate-extractable P, 

and 170 t o  270 ppm exchangeable K, i n  the  plough l aye r .  The f i e l d  

was divided,  on t h e  b a s i s  of K content ,  i n t o  10 blocks ( r e p l i c a t e s ) ,  

which accommodated t h e  combinations of t h r e e  P treatments  ( 0 ,  30, o r  

60 kg P/ha) and t h r e e  K t reatments  ( 0 ,  240, o r  480 kg Klha). P 57as 

applied a s  t r i p l e  superphosphate and K a s  potassium sulphate .  A 

uniform N r a t e  of 60 kg N/ha, s p l i t  between seeding and t i l l e r i n g ,  

was applied t o  a l l  p l o t s .  

Athenais bar ley  was grown i n  1980-1 and 1981-2. Ra in fa l l  was c lose  

t o  average i n  1980-1 but  much below average i n  1981-2 (Fig.  2 ) .  I n  

1982-3 ( a  year of very  low r a i n f a l l )  t h e  p l o t s  were sown t o  vetch .  

Barley was cut  at t h e  milk s t age  t o  make hay. Yields were s u b s t a n t i a l l y  

increased  by P, by almost 30 % i n  1980-1 and 50 % i n  1981-2 ( a  d r i e r  

yea r ) ,  and such inc rease  was c u r v i l i n e a r  (Fig.  4) .  In con t ra s t ,  K 

f e r t i l i z i n g  d id  not inf luence y i e l d s  (da ta  not shown). 

Phosphorus f e r t i l i z i n g  s l i g h t l y  increased concent ra t ion  of P i n  both 

the  forage and t h e  leaves  but s l i g h t l y  decreased K concentrat ion 

(Table 3 ) .  A similar, though not so marked, t rend was a l s o  observed 

i n  our previous experiments. 

A t  t h e  end of th ree  years  of P f e r t i l i z i n g  s o i l  P remained unchanged 

i n  u n f e r t i l i z e d  p l o t s  but increased s u b s t a n t i a l l y  and l inear3y with 

P app l i ca t ion  (Fig. 5 )  . 
I 



(c) The Nitrogen and Water Relationships of Barley 

This study was initiated in 1979 in the framework of a research 

programme coordinated by the International Atomic Energy Agency, 

and aimed to devise agronomic practices for more efficient use of 

fertilizer and water under semiarid conditions. It comprises a 

rotation trial in which barley is grown for grain production 

(continuously or after fallow) or forage production. Under each 

rotation treatment three rates of N (0, 30, or 60 kg Nlha) and two 

rates of P (0, or 20 kg P/ha) are tested. Soil water is monitored 

by neutron probe to a depth of 90 cm. 

The experimental field had been under lucerne and other irrigated 

crops, which were liberally fertilized with both N and P. As a 

result, it contained a lot of P (50 ppm bicarbonate-extractabe P) 

and N (35 ppm N O , - N )  in the plough layer alone, which is quite 

atypical of barley fields. 

Rainfall over two of the four growing seasons so far has been below 

average, particularly in early season (Fig. 6 ) ,  to the extent that 

irrigation had to be applied in January 1982 and 1983 to rescue the 

crop. Because of drought, emergence was considerably delayed in the 

last three growing seasons, but the crop reached maturity on about 

the same date as with earlier emergence (Table 4 ) .  

The amount of water conserved in fallow plots (kept free of weeds as 

far as possible by cultivation) ranged from 25 to 75 mm (Fig. 7). 

Such conserved water increased yield only in 1982-3 when rainfall, 

including a 50 mm irrigation, was only 190 mm (Fig. 6 ) .  By contrast, 

in 1980-1 when rainfall was 300 nun, the water conserved under fallow 

during the preceding season (70 nun) did not increase yield. 



Yields were satisfactory under the circumstances, e.g. in 1981-2 

with only 260 nun of water, but with adequate rainfall in spring, 

yields of about 3.5 tons of grain per hectare were obtained (Fig.8). 

Fertilizer N did not affect yield except for a slight increase of 

forage yield in 1981-2 and a slight reduction in grain yield in 

1982-3, the driest year (Fig. 8). Thus unfertilized plots produced 

10 tons of grain and 20 tons of straw per hectare over four growing 

seasons, which contained a total of 390 kg Nlha of which 250 kg 

was in the grain and 140 kg was in the straw (cf. Fig. 8). When 

soil N was neither very low nor very high, one ton of sheaf (grain + 
straw) dry matter harvested removed 11.7 kg N (Fig. 9). 

Barley cut at the milk stage for making hay produced virtually the 

same total dry matter yield as barley harvested for grain and straw 

(Fig. 8) . 

Nitrate-N was found to accumulate in the soil during the fallow year 

even when no fertilizer N was applied (Table 5 ) .  

Since rainfall was generally low, it was assumed thet there was no 

deep percolation of water, therefore any depletion of water from the 

0-90 cm layer was considered to be due to water evapotranspired. Such 

evapotranspiration values when there was ample water in the soil were 

very close to values calculated according to Doorenbos and Pruitt 

(1977) from Class A pan evaporation (Figs. 10 and 11). Tot81 evapo- 

transpiration was around 300 nun, closely matching total rainfall 

(Fig. 12). 



DISCUSSION 

Under Cypriot condi t ions  the  uniqueness of ba r l ey  a s  t h e  bes t  

producer of g ra in ,  straw, hay and f r e s h  forage (Hadjichristodoulou, 1973, 

1976) appears  t o  be mainly due t o  i ts  growth cycle  matching c l o s e l y  t h e  

r a i n f a l l  p a t t e r n ,  i . e .  it grows under t h e  l e a s t  poss ib l e  water s t r e s s .  

Because it grows w e l l  during t h e  cold winter  months, and develops rap id ly ,  

a t  a time when evaporat ion i s  low, it uses water most e f f i c i e n t l y .  Addition- 

a l l y ,  it s u f f e r s  l i t t l e  from d i seases ,  and smothers weeds, including wild 

o a t s .  

Fallowing has  long proven i ts  worth a s  a u s e f u l  p r a c t i c e  i n  c e r e a l  

growing, but  t h e  reasons f o r  t h i s  have not  been always c l e a r .  In  o l d e r  

times when machinery was not  a v a i l a b l e ,  t h e  farmer had, i n  a way, t o  fa l low 

i n  order  t o  cope with h i s  land t o  h i s  bes t  b e n e f i t .  There a r e  a t  l e a s t  

t h ree  important advantages i n  fal lowing,  i . e .  conservat ion of  water,  accumu- 

l a t i o n  of  N ,  and poss ib ly  of o t h e r  n u t r i e n t s ,  and b e t t e r  prepara t ion  of  the  

seed bed. Which of t h e  t h r e e  w i l l  be t h e  most important depends on l o c a l  

condi t ions .  

The amount of  water conserved during the  fa l low year  depends t o  a 

considerable ex ten t  on keeping the  s o i l  f r e e  from weeds thereby reducing l o s s  

of water through t r a n s p i r a t i o n .  This i s  not  always poss ib l e  because t h e  t o p  

s o i l  is normally wet over the  period December-March, and more than one c u l t i -  

va t ion  may be required.  It i s  a l s o  r a t h e r  c o s t l y .  Timely c u l t i v a t i o n s  i n  

1981-2 permit ted t h e  h ighes t  conservat ion of water  (75 m), which represented 

one t h i r d  of the  season's  r a i n f a l l .  However, conserved water  increased y i e l d  

on ly  i n  1982-3 i n  which r a i n f a l l  was much below average (190 mm). In  any 

case ,  conserved water  i s  known t o  be  l e s s  e f f e c t i v e  than growing-season 

p r e c i p i t a t i o n ,  e.g. i n  Canada i t  has been shown t o  be about one t h i r d  a s  

e f f e c t i v e  a s  growing-season p r e c i p i t a t i o n  (Bole and Pittman, 1980). This 



could conceivably be mainly due t o  t h e  f a c t  t h a t  drying of t h e  Plough 

l a y e r  ( i t  i s  always t h e  f i r s t  l a y e r  t o  d ry  out  o r  be wetted) depr ives  

t h e  crop of i ts v i t a l  n u t r i e n t  supply, which r e s i d e s  mainly i n  t h i s  

l a y e r .  

It has  long been known t h a t  mineral  N accumulates dur ing  t h e  

fa l low year .  This  i s  c l e a r l y  shown by the  p resen t  r e s u l t s  (Table 5) 

even though a more dense netr~orlc of measurements would be des i r ab le .  

Such accumulated N may be of c r u c i a l  imnortance i f  f e r t i l i z e r s  a re  i n  

s h o r t  supply, and t h i s  then may be the most important b e n e f i t  from 

fal lowing.  Indeed, when f e r t i l i z e r s  were r e l a t i v e l y  more c o s t l y  i n  t h e  

1940's. Cypriot farmers had "discovered" t h a t  applying only P t o  fallowed 

land was more p r o f i t a b l e  than applying only N (Loizides, 1958). Apparently, 

s ince  s o i l s  were then very low i n  both N and P, and N was accumulating under 

fal low, P was becoming t h e  most l i m i t i n g  f a c t o r ,  hence t h e  marked response 

t o  f e r t i l i z e r  P. Moreover, they a l s o  "discovered" t h a t  P f e r t i l i z e r  was 

more important i n  yea r s  of low r a i n f a l l ,  whereas i n  years  of  high r a i n f a l l  

N f e r t i l i z e r  was more important,  apparent ly  because of t h e  h igher  y i e l d  

p o t e n t i a l .  

The marked d i f f e rences  i n  y i e l d  among u n f e r t i l i z e d  p l o t s  i n  t h e  

d i f f e r e n t  experiments on fallowed land (Table 1) can be ascr ibed  t o  varying 

r e s i d u a l  N from previous app l i ca t ions  by t h e  farmers.  This i s  c l e a r l y  

r e f l e c t e d  i n  the  1973-4 experiment i n  which 3.7 tons fha  bar ley  g r a i n  was 

produced without any f e r t i l i z e r .  The f i e l d  was f e r t i l i z e d  and sbr.m i n  t h e  

preceding season by t h e  farmer himself ,  but  because of extreme drought ( t h e  

worst drought on record) t h e  crop hard ly  emerged, and d r i e d  up. The f e r t i l i z e r  

apparent ly  remained unused i n  t h e  s o i l  and was a v a i l a b l e  f o r  the  following 

crop.  The same conclusion can be drawn from the  r e s u l t s  of  t h e  i o t a t i o n  

t r i a l .  



The marked response t o  f e r t i l i z e r  P under a combination of  low 

a v a i l a b l e  P and low r a i n f a l l  i s  now well  documented (Matar, 1977; Harmsen 

and Shepherd, 1983). This could exp la in  t h e  incons i s t en t  responses t o  

P obtained by Loizides (1958). I n  any case,  P reserves  of such s o i l s  

w i l l  have t o  be b u i l t  up gradual ly  through app l i ca t ions  of f e r t i l i z e r .  

I n  order  t o  t ake  b e s t  advantage of whatever r a i n f a l l  occurs,  

p a r t i c u l a r l y  i n  yea r s  of high r a i n f a l l ,  adequate f e r t i l i z e r  must be applied.  

For n i t rogen t h e  norm of  11.7 kg Niton of dry ma t t e r  harvested (Fig.  9 )  

should be widely app l i cab le  because i t  was obtained under adequate N supply, 

a s  suggested by Greenwood (1983). Since i n  Cyprus a s l i g h t  excess of N 

does not  reduce y i e l d s  apprec iably ,  and any unused N remains i n  t h e  s o i l  

and is a v a i l a b l e  t o  the  following crop, one can modify h i s  f e r t i l i z e r  

p r a c t i c e  i n  order  t o  always have a l e v e l  of f e r t i l i t y  s u f f i c i e n t l y  high t o  

take  b e s t  advantage of r a i n f a l l .  However, excessive N app l i ca t ion  t o  bar ley  

should be avoided f o r  t h e  a d d i t i o n a l  reason t h a t  it inc reases  K concent ra t ion  

i n  the s t raw (Table 2) and a s  t h i s  i s  harvested along with t h e  g ra in ,  t h e  

s o i l  i s  deple ted  of va luable  K r e se rves .  

Under semiarid condi t ions  a l l  N could be appl ied  a t  seeding. I n  

t h i s  way, not  only  app l i ca t ion  c o s t s  would be l e s s ,  but a l s o  v o l a t i l i z a t i o n  

l o s s e s  from topdressed N could be reduced, p a r t i c u l a r l y  when u rea  i s  used, 

of  which l o s s e s  of up t o  30 % have been observed (Orphanos, unpublished d a t a ) .  
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Table 1. Effects of N and P fertilizing on grain and straw yields of 
Athenais barley (main effects of each nutrient over all rates 
of the other nutrient). 

kg N/ha kg P/ha 
Year and Site 

~ 

Grain Yield 
(tons/ha) 

1969-1970 ------- -- 
Lefkonico 

Stylli 

Koublia 

1970-1971 - - - - - - - - - 
Angastina 

Pyrga 

Prastio 

Stylli 

Athalassa 

1971-1972 --------- 
Angastina I 

Angastina I1 

Pyrga 

Palekythro 

1973-1974 --------- 
Kythrea 

1977-1978 - - - - - - - - - 
Nissou 111 

Nissou IV 



Table 1. Effects of N and P fertilizing on grain and Straw yields of 
(Contd.) Athenais barley (main effects of each nutrient over all rates 

of the other nutrient). 
- - 

kg N/ha kg P/ha 
Year and Site 

0 35 70 105 0 13 26 

Straw Yield 
(tonslha) 

1969-1970 --------- 
Lefkonico 3.00 3.27 3.43 3.24 2.98 3.18 3.56 

Stylli 0.86 1.66 2.08 2.04 1.17 1.77 2.05 

1970-1971 --------- 
Angast ina 1.71 2.55 2.92 3.23 2.55 2.62 2.64 

Pyrga 2.89 3.29 3.46 3.58 3.24 3.26 3.40 

Prastio 1.88 2.80 3.58 3.27 3.05 2.73 2.87 

Stylli 0.83 1.73 2.70 3.22 1.97 2.24 2.14 

Athalassa 3.08 3.83 4.37 4.28 3.63 3.98 4.05 

1971-1972 --------- 
Angastina I 1.42 1.74 1.92 1.89 1.62 1.80 1.81 

Angastina I1 1.20 1.57 1.64 1.53 1.16 1.55 1.74 

~ y r g a  0.77 0.97 1.03 1.05 0.80 1.04 1,03 

Palekythro 1.79 1.79 1.76 2.02 1.69 1.86 1196 



Table 2. Concentration ( %  dry weight basis) of N in grain and straw, and of K in straw 
of Athenais barley as influenced by fertilized N. 

% N % K 

Year Grain Straw Straw 

0 35 70 105 0 35 70 105 0 3 5  70 105 

* Figure in parenthesis indicates number of experiments. 

Table 3. Concentration of N, P and K in barley forage cut at the milk stage, 
and in leaves sampled at heading (the leaf below the flag leaf) in 
two growing seasons ( %  DM basis) . 

Forage 

N 1.49 1.41 1.55 1.65 1.45 1.49 

P 0.17 0.19 0.21 0 .14  0.15 0.18 

K 1.57 1.49 1.44 2 .20  2.03 1.84 

Leaves 

N 4.24 4.13 4.22 4.25 4.42 4.48 

P 0.27 0.27 0 .28  0 .22  0 .22  0.28 

K 1.98 1.90 1.89 2 .71  2.32 2 .17  



Table 4. Phenology of ba r l ey .  Athalassa,  1979-83. 

Growing season 
Growth Stage 

Seeding 1 Dec 30 Dec 11  Dec 26 Nov 

Emergence 12 Dec 12 Jan  28 Dec 9 J a n  

Second Leaf 31 Dec 20 Jan  10 Jan  

Third Leaf 2 Feb 20 Jan  

T i l l e r i n g  28 Jan  12 Feb 25 Jan  30 Jan 

Boot 13 Mar 22  Mar 22 Mar 

Heading 29 Mar 30 Mar 31 Mar 4 Apr 

Flowering 3 Apr 3 Apr 3 Apr 

Milk 11 Apr 1 1  Apr 14 Apr 

Dough 24 Apr 25 Apr 28 Apr 27 Apr 



Table 5. Concentration of ni t rate-N i n  the  top  45 cm s o i l  l a y e r  sampled 
i n  l a t e  November, j u s t  before seeding. Underlined f i g u r e s  r e f e r  
t o  p l o t s  fallowed over the  season preceding s o i l  sampling. 

Crop r o t a t i o n  ppm nitrate-N 
P lo t  No. 

1979-80 1980-81 1981-2 1980 1982 

Forage bar ley  

Fallow 

Vetch 

Grain bar ley  

Fallow 

Fallow 

Fallow 

Forage bar ley  

Grain bar ley  

Grain bar ley  

Forage bar ley  

Fallow 

Vetch 

Grain bar ley  

Fallow 

Fallow 

Fallow 

Forage bar ley  

Grain bar ley  

Grain bar ley  

Forage bar ley  

Grain bar ley  

Grain bar ley  

Vetch 

Grain bar ley  

Grain bar ley  

Grain bar ley  

Grain bar ley  

Forage bar ley  

Grain bar ley  

Forage barley 

Grain bar ley  

Grain bar ley  

Vetch 

Grain bar ley  

Grain bar ley  

Grain bar ley  

Grain bar ley  

Forage bar ley  

Grain bar ley  

Forage bar ley  

Fallow 

Vetch 

Grain bar ley  

Fallow 

Fallow 

Fallow 

Forage bar ley  

Grain ba r l ey  

Grain ba r l ey  

Forage bar ley  

Fallow 

Vetch 

Grain bar ley  

Fallow 

Fallow 

Fallow 

Forage bar ley  

Grain ba r l ey  

Grain ba r l ey  



A i r  ( i n  screen)  

O N  D J F M A  

S o i l  ( 5 cm depth) 
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Fig .  1 .  Le f t :  Maximum ( 0 )  and minimum (0) a i r  temperatures - 
Right: So i l  temperatures a t  5 cm depth a t  080:OO h r s  - 

(0) and 14:OO h r s  ( 0 ) .  

(averaged over  10-day per iods ,  Athalassa,  1980-1) 

Athenais ba r l ey  Kyperounda wheat 

Fig.  2.  E f fec t s  of N and P f e r t i l i z e r s  on g r a i n  y i e l d  of Athenais 
ba r l ey  ( l e f t )  and Kyperounda wheat ( r i g h t )  a t  S t y l l i ,  
1969-70. 
(140 mm r a i n f a l l ;  1 ppm bicarbonate-extractable P). 



Fig 

Rainfall (m) 

. 3 .  Grain yield responses to P fertilizer by Athenais 
barley (x), Pitic 62 wheat (01 and Kyperounda 
wheat (e) in relation to rainfall. 

(range of bicarbonate-extractable soil P 1-10 ppm; 
encircled symbols refer to soil P values less than 
6 P P ~ )  

Po : no fertilizer P 

p2 
: 26 kg P/ha 



kg P/ha 

Fig. 4. Yields of Athenais barley forage cut at 
milk stage as influenced by P fertilizing 
(rainfall: 1980-1 300 mm, 1981-2 200 mm; 
the soil contained 3-5 ppm bicarbonate- 
extractable P; DM comprised 25-30 % of 
the fresh matter). 

Fig. 5. Bicarbonate-extractable P in the 0-15 cm 
and the 15-30 cm layers of the soil at 
the end of the third season of fertilizer 
P application. 



Fig. 6. Accumulated season's rainfall in four 
growing seasons (1979-83) at Athalassa. 
Broken lines represent the long-term 
average. 



Water content  (mm) 

Grain Barley Fallow 

F ig .  7.  So i l  water p r o f i l e s  ( i n  l a t e  autumn) of p l o t s  which 
grew g r a i n  ba r l ey  ( l e f t )  and of p l o t s  t h a t  were 
fallowed ( r i g h t ) .  Broken l i n e s  i n d i c a t e  t h e  water 
contents  of each 30 cm layer  a t  f i e l d  capaci ty  and 
a t  15-atm. percentage. 

* water content  d i f f e r e n t i a l s  (mm) between t h e  two 
s e t s  of p l o t s  over t h e  0-90 cm p r o f i l e .  



straw torage grain 

Fig .  8 .  Yields (air-dry matter) of barley grain, straw and forage (upper), 
and N y i e lds  (lower) under continuous cropping (C) or a f t e r  fallow 
(F), with three N rates  (P: no f e r t i l i z e r  N ,  1: 30 kg N/ha, 
2 :  60 kg N/ha) i n  four growing seasons (1979-83). 



o continuously cropped p l o t s  r ece iv ing  
no f e r t i l i z e r  N .  
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Fig. 9 .  Relat ionship between t h e  harvested dry ma t t e r  
of bar ley  ( g r a i n  + straw) and i t s  N content  a t  
Athalassa.  
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Fig.  10. Rat io of  evapot ranspi ra t ion  (ET) over evaporat ion from 

t h e  Class  A pan (Epan) f o r  bar ley  a t  Athalassa.  ET 
c a l c u l a t e d  according t o  Doorenbos and P r u i t t  as  
ET = Kc.Kp.Epan; Kp was around 0.85. 
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Fig.  1 1 .  Calculated p o t e n t i a l  evapot ranspi ra t ion  r a t e s  ( s o l i d  l i n e )  
f o r  bar ley ,  and va lues  determined from moisture deple t ion  
d a t a  (c losed  c i r c l e s )  obtained by neutron probe i n  a  
typ ica l  yea r ,  1980-1, Athalassa.  
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Fig.  12. Accumulated season's  r a i n f a l l  (broken l i n e s )  and ca l cu la t ed  
p o t e n t i a l  evapot ranspi ra t ion  of  bar ley  ( s o l i d  l i n e s )  i n  
four  growing seasons a t  Athalassa.  Ra in fa l l  i n  1981-2 and 
1982-3 includes supplementary i r r i g a t i o n  of 50 m and 40 mm, 
r e spec t ive ly .  
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BARLEY PRODUCTIVITY OF RAINFED SOILS 
AS RELATED TO SOIL, PRECIPITATION AND 
FERTILIZATION I N  A PILOT AREA OFSYRIA 

Introduct ion 

The t o t a l  cu l t i va ted  area o f  the Arab Countries amounts t o  

50.6 m i l l i o n  hectares, w i th  more than 80 % o f  the area under ra in fed  

agr icul ture.  

Cereals occupy about 68 % o f  the main prodtrction o f  ra in fed  lands. 

w i t h  wheat and bar ley as the main cereal cu l t i va ted  crops. Cereal production 

osc i l l a tes  w i t h in  large in te rva ls  from one year t o  the next. That could be 

t o  some extent due t o  change i n  t o t a l  cu l t i va ted  area; bu t  it i s  mostly due 

t o  changes i n  y ie lds  o f  crops per u n i t  area. 

Available s o i l  moisture has been considered as the most l i m i t i n g  f ac to r .  

a f fec t ing  y ie lds  o f  crops. But other s o i l  and management variables should no t  

be underestimated. That wotrld include s o i l  n t t t r ients  a v a i l a b i l i t y ,  f e r t i l i z e r  

use, weed, pest and disease control  and the use o f  improved c t ~ l t i v a r s .  

The understanding o f  the in te r re la t ionsh ip  between crop production i n  

the ra in fed  area, climate, s o i l  and management practices, has become o f  para- 

mount importance t o  any agrotechnology t ransfer  t o  increase crop production. 

The development o f  a r e l i a b l e  crop-soi l-cl imate and technology model was found 

necessary t o  i d e n t i f y  the management pract.iccs t h a t  w i l l  maximize production; 

t o  determine the factors  t h a t  sh0111d be cont ro l led t o  improvc the potent ia l  
p roduc t i v i t y  o f  ra in fcd  r o i l s  and f i n a l l y  t o  create means o f  pred ic t ion on 
y ie lds  o f  crops and estimation o f  c l imat ic  r i s k s  on crop production. 



The Arab Center f o r  the studies o f  A r i d  Zones and Dry Lands 

i n i t i a t e d  a regional p ro jec t  t o  study the cereal production o f  the ra in fed  

s o i l s  o f  the Arab Countries as re la ted t o  s o i l  propert ies, c l imate and 

some management variables using a mu1 t i p 1  e regression computer program. 

It was s tar ted f i r s t  i n  a p i l o t  area i n  Syria i n  1979-80; and then expanded 

since 1981-82, i n  addi t ion t o  Syria, t o  three other Arab Countries, which 

are Algeria, Morocco and Jordan, as p a r t  o f  the Wheat and Barley Improvement 

Project  financed by IFAD. 

The present a r t i c l e  summarizes the resu l ts  obtained i n  the f i r s t  

three years o f  the p ro jec t  i n  the P i l o t  Area o f  Syria. 

Materials and Methods 

Selection o f  the P i l o t  Area: ........................... 
A p i l o t  area wi th  d i f f e r e n t  ecological condit ions and d i f f e r e n t  :so i l  

types was chosen, extending between the coastal p la in ,  near the c i t y  o f  

Tartous and the longitude l i n e  35 and 53 M w i th  an average annual p rec lp i -  

t a t i o n  o f  900 mm; and the c i t y  o f  Palmyra wi th  an average year ly  p rec ip i -  

t a t i o n  o f  150 mm and a longitude 38.13 . That would make a p i l o t  area 

w i th  about 200 kms long, w i th  a width changing between 100 and 150 kms 

depending upon i t s  locat ion along the transect. 

Selection o f  the So i l  Si tes:  ........................... 
In the p i l o t  area, farmer's f i e l d s  were selected, as representing 

d i f f e r e n t  s o i l  associations, according t o  t h e i r  parent materials, c l imat ic  

zones, topography and p r o f i l e  development. The main s o i l  associations i n  

the p i l o t  area are mainly t y p i c  and v e r t i c  xerochrepts moderately f ine, 

hyperthermic and chromoxererts, f i n e  hyperthermic i n  the costal  p la in ;  

and mainly l i t h i c  and typ ic  xerochrepts i n  the western mountain range. 

But i n  the f l a t  plateau o f  Homs andHama the s o i l  associations are mainly 

t yp i c  xerochrepts, ca l c i c  xe ro l l i c ,  xerochrepts and petrocalc ic xerochrepts. 



Differences i n  degree o f  surface stoniness, surface slope, s o i l  

depth and differences i n  farm management practices, such as type of 

rotat ions,  crop clrl t ivars ,  the leve l  o f  f e r t i l i z e r  use, weed control  

were a l l  considered i n  the choice o f  farmer's f ie lds .  E f f o r t s  were 

made t o  select  s i t es  and the  farmer's f i e l d s  representing the major types 

o f  farming system pract ised under the ra in fed a g r i c l ~ l t u r e  o f  the p i l o t  area. 

Although a good number o f  bar ley f i e l d s  were chosen i n  an area above 

400 rim r a i n f a l l ,  i t  was i n  the d r i e r  areas t h a t  the major i ty  o f  bar ley f i e l d s  

were chosen. 

Experimental Studies : 

So i l  Studies 

- A s o i l  p r o f i l e  descr ipt ion according t o  USDA s o i l  taxonomy system 
was carr ied out. 

- Soi l  surface slope, percentage stoniness o f  strrface coverage and 
or  o f  s o i l  volume i n  various horizons, and b111 k density were measured. 

- On s o i l  samples o f  each horizon, laboratory determinations were 
carr ied out t o  measure the p a r t i c l e  s ize d i s t r i b u t i o n  (Boyoucos 
method), pH o f  the saturaterl paste, t o t a l  CaCD, % (Calcimeter 
method), the ac t i ve  CaCO, % (Drol~inearr Method), the cat ion exchange 
capacity (Na-acetate Method), exchangeable and soluble K (by NHs- 
acetate extract ion),  the organic matter percent (blakley and Black 
Method) and the avai lab le  P (Olsen Method). 

Product iv i ty  o f  Barley 

Five square meters, chosen a t  random i n  the farmer's f ie lds ,  were 

harvested a t  matur i ty  f o r  the determination o f  t o t a l  weight o f  gra in  

and straw separately, weight o f  1000 kernels, average height o f  p lants 

and degree o f  l e a f  i n fec t i on  by rust ,  i n fec t i on  by weeds and several 
other measurements. 



Meteorological  Measurements 

The meteorological data f o r  t he  s i t e s  were taken from the  network 

o f  nearest ava i l ab le  meteorological s t a t i o n s  l oca ted  i n  the  p i l o t  

area. The on ly  comnon measured f a c t o r  a t  a l l  s ta t i ons  was t h e  d a i l y  

p r e c i p i t a t i o n .  Consequently, the  on ly  c l i m a t i c  va r iab le  considered 

was t o t a l  p r e c i p i t a t i o n  (SON, t o t a l  o f  September, October and November) 

and t h e  w in te r  p r e c i p i t a t i o n  (DJ, December + January). 

Computer Analys is  

Bar ley y i e l d  components were r e l a t e d  t o  various s o i l ,  c l ima te  and some 

management var iab les  us ing a L inear Mu1 t i p l e  Regression Computer Program 

w r i t t e n  by Professor Issam Jano o f  the  Syr ian Atomic Energy Agency. The 

l i s t  o f  var iab les  inc luded i n  the  present a r t i c l e  i s  inc luded i n  Table 1. 

During the  f i r s t  year o f  the  study, i t  was found t h a t  the  amounts o f  

f e r t i l i z e r  used i n  the  r a i n f e d  p a r t  o f  the p i l o t  area were very l i m i t e d  

i n  s p i t e  o f  the l a r g e  p o t e n t i a l  response t o  N and P f e r t i l i z e r s .  So 

i t  was decided t o  t e s t  t he  NP response o f  Bar ley along t h e  c l i m a t i c  

cross-sect ion s t a r t i n g  from the  1980-81 season and f o r  th ree consecutive 

years. 

There were f i v e  f e r t i l i z e r  treatments: 

0 i s  the  c o n t r o l  p l o t  w i t h  no a d d i t i o n  o f  N o r  P f e r t i l i z e r s  N,, N2, 

NIP, and N2P2 are the  fou r  other  treatments where: N, and N2 a re  equ iva lent  

respec t i ve l y  t o  150 and 300 kgs of NH,NO, (33 % N) per hectare fo r  s i t e s  

w i t h  l e s s  than 400 mm average r a i n f a l l  ( a r i d ) .  I n  such areas, the  n i t rogen  

f e r t i l i z e r  was added completely be fore  sowing. 250 and 500 kgs o f  NHbN03 
was used a t  s i t e s  w i t h  more than 400 mm (humid), and N f e r t i l i z e r s  were 

s p l i t  i n  two app l ica t ions ,  h a l f  before sowing and the  o ther  h a l f  a t  



t i l l e r i n g  stage. PI  and P2 are equivalent respectively t o  75 and 

150 kgs of t r i p l e  superphosphate per hectare f o r  e i t he r  a r i d  o r  

humid s i t e s ,  and the whole amount was added before sowing. The 

treatments were run f i r s t  in two repl i ca tes ,  and then in 4 repl i ca tes  

in following years. 

Except broadcasting and dis t r ibut ion of NP f e r t i l i z e r s  and harvesting 
of f e r t i l i z e d  f i e l d  p lo t s ,  i t  was the  farmer who carr ied out a l l  other 

f i e l d  operations. Nitrogen analysis of harley grains was carr ied out 

b!t the Kjeldahl Method. 

Results and .- Conclusions - 
Linear F:ultiple Regression Equations: 

In the  three consecutive years,  1980, 1981 and 1982, i t  was consistently 

found t h a t  barley grain and straw yields  grown i n  the c l imat ic  t ransect  of 

the  p i l o t  area was re la ted t o  precipi ta t ion more than to  any other variable. 

However, so i l  depth comes next in importance t o  precipi ta t ion i n  i t s  contr i -  

bution t o  grain and s t r aw  yield  variat ion.  The average multiple correlation 

coeff ic ient  between so i l  and precipit.ation variables were included in Table (2) .  

This kind of re la t ionship between grain and straw y ie ld  and precipitat ion could 

be explained on the  ground t h a t  barley crop i s  mostly concentrated in  the  d r i e r  
pa r t  of the rainfed area of Syria,  where any change i n  t o t a l  precipi ta t ion 
i n  the growing season will he ref lected d i r ec t l y  on grain and straw y ie ld  
variat ion.  I t  i s  noticeable t h a t  the correla t ion coeff ic ients  between barley 

yie lds  and ea r ly  precipi ta t ion (SON) were of the  samd magnitude a s  between 

to ta l  precipi ta t ion in the  growing season and yields.  That would suggest 

t h a t  available so i l  moisture i n  so i l  p rof i le  pr ior  t o  germination i s  an 
important f ac to r  affect ing f ina l  harley yie lds .  



S o i l  depth, which came nex t  i n  importance t o  p r e c i p i t a t i o n ,  w i l l  

determine t h e  maximum water s torage capac i t y  o f  s o i l  and consequently 

w i l l  a f f e c t  the  p r e c i p i t a t i o n  water use e f f i c i e n c y  by b a r l e y  and the f i n a l  

y i e l d s  ( 1  1. 

The two o ther  i n t r i n s i q u e  s o i l  p rope r t i es  which were found t o  a f f e c t  

b a r l e y  crops were the  c a t i o n  exchance capac i ty  (CEC) and the  amount o f  

a v a i l a b l e  phosphorus. The CEC o f  s o i l s  i s  an i n d i c a t i o n  o f  t o t a l  a v a i l a b l e  

n u t r i e n t  ca t i ons  such as potassium, magnesium and others.  S o i l  a v a i l a b l e  

P was found by many workers i n  the  reg ion  t o  be an important  n u t r i e n t  s p e c i a l l y  

under a r i d  cond i t ions .  The ba r ley  area i s  an a r i d i c  zone where P  i s  expected 

t o  be an important  f a c t o r  o f  growth and y i e l d s .  

Some o the r  s o i l  va r i ab les  were found t o  nega t i ve l y  a f f e c t  y i e l d s  o f  

bar ley .  Stoniness a t  the  s o i l  surface o r  i n  s o i l  p r o f i l e  and the  bu lk  dens i t y  

o f  s o i l  were found t o  be nega t i ve l y  c o r r e l a t e d  w i t h  y i e l d s  o f  ba r ley .  Calcium 

carbonate i n  s o i l s  had a  depressive e f f e c t  on y i e l d s  o f  bar ley .  This  cou ld  

be expla ined on t h e  ground t h a t  h igh  f r e e  l i m e  l e v e l s  i n  the s o i l  may cause 

s tun ted  growth as a  r e s u l t  o f  P  and m ic ronu t r i en t  immobi l i za t ion  (3 ) .  

The r e s u l t s  o f  t h e  l i n e a r  m u l t i p l e  regress ion  computation r e l a t i n g  

g r a i n  and o r  s t raw ba r ley  y i e l d s  f o r  the  th ree  years 1980, 1981 and 1982 

combined were grouped i n  Tables 3  and 4 r e s p e c t i v e l y  f o r  var ious combinations 

o f  s o i l  and p r e c i p i t a t i o n  var iab les .  Regression equat ions Y G l  and YS1 which 

r e l a t e  g r a i n  and o r  straw y i e l d s  t o  s i x  s o i l  va r i ab les  (STONES, STONEP, SLOPE, 

BD, POROSITY and CALA) w i t h  t h e  exc lus ion  o f  p r e c i p i t a t i o n  can e x p l a i n  on l y  

18 and 34 percent r e s p e c t i v e l y  o f  g r a i n  and straw b a r l e y  y i e l d s  v a r i a t i o n .  



Nine other s o i l  and p rec ip i t a t i on  variables, as shown i n  Equations 

YG2 and Y S 2 ,  could explain 58 and 80 percent o f  gra in  and straw bar ley 

y i e l d  var iat ions.  Consequently, when a l l  the 15 s o i l  and p rec ip i ta t ion  

variables were considered, as shown i n  Equations YG3 and YS3, it could 

explain 75 and 83 percent o f  gra in  and straw y i e l d  var iat ion.  

F ina l l y ,  when gra in  bar ley y ie lds  were re la ted  t o  20 s o i l  and 

p rec ip i t a t i on  variahles, including the N and P f e r t i l i z e r  variables and 

in te rac t ion  f o r  the two seasons 1981 and 1982 combined as shown i n  Table 5, 

91.4 percent of gra in  y i e l d  var ia t ion  was accounted fo r .  But from a  p rac t i ca l  

po in t  o f  view, a  minimrrm number o f  data set o f  s o i l  and environmental variables 

shorcld be looked f o r  t o  make predic t ion on y ie lds ;  and tha t  shol~ ld  he carr ied 

out i n  the near futvre.  

F e r t i l i z e r  Experiments - .- - - - - .. - -- - - - -- 

There was a  great v a r i a b i l i t y  i n  main s o i l  propert ies and environmental 

condit ions where the f e r t i l i z e r  experiments were car r ied  out i n  the p i l o t  area 

during the three consecutive years 1981, 1982 and 1983. The resu l ts  o f  experi- 

ments were grouped i n  Table 6. Calcium carbonate i n  s o i l s  ranged between 0 

and 62.5 percent. The c lay  content ranged between 18 and 64.5 percent. Soi l  

depth ranged betwen 25 cm and more than 1  meter; and the avai lable P ranged 

between 6.3 and more than 27 par ts  per m i l l i n n .  Total p rec ip i ta t ion  from 

September t o  end o f  Ap r i l  ranged between 156 and 854 mm. 

It i s  obvious from Table 6  t ha t  response t o  N and P f e r t i l i z e r s  was 

c lear  and s ign i f i can t  i n  many o f  the bar ley experiments car r ied  out i n  the 

area; bu t  i ns ign i f i can t  i n  several others. This could be expected, due t o  

the large dif ferences i n  s o i l  propert ies o f  the s i tes,  which c o i ~ l d  s i gn i f i can t l y  

a f f e c t  bar ley response t o  f e r t i l i z a t i o n .  



The response to application of P deserved a special attention/ 
Several important works carried out in the Mediterranean Region had phown 
previously that available P in soils is an important factor affectins 
yields of cereal and small grain legumes crops when grown under the arid 
or semi-arid conditions. Cooper (1) showed that P increases the rate 
of development of crop resulting in maturity of barley being advanced from 

one to two weeks. Thus the water use by crop is reduced by addition of 
P in spite of the more rapid development and higher values of the green 
area index. Harmsen, Krentos and Matar (2, 4, 5) suggested that P improves 
the root development, thus extending the soil volume for available water 

and nutrient. 

The relative increase in barley grain yields as function of total 
precipitation was plotted in Fig. (1) for soil sites where available P 

before sowing was below 15.2 parts per million and total precipitation 

below 400 mm. It shows clearly that the relative response to P increases 
as the total precipitation decreases; in a way similar to results obtained 
earlier (1, 2, 4 and 5). The broad scattering of points on Fig. (1)  could 
be due to differences in soil properties of sites which could have an effect 
on barley response to phosphate fertilization. 

On the other hand, the increase in grain yield of barley due to 
addition of phosphate fertilizers as function of total precipitation was 
plotted in Fig. (2) for all sites where available P is below 15.2 parts per 
million. This figure shows that grain yield increase ranged between 0 and 
45 kilogram grain per donum for sites where total precipitation was below 
314 mm a year. However, it is obvious that a greater response to P ferti- 
lization was found in the more rainy part of pilot area. When soils are 
well supplied with N fertilizers the potential yields and total biomass 
expected in high rainfall areas become so large that low available P- soils 

will respond strongly to P fertilization as shown in Fig. (2). The humid 
sites included in Fig. (2) had an available P concentration in the soil 
before sowing below 7 parts per million. 



The relative response of most sites to N fertilizers was quite 
significant and the best treatment for optimum yields was the NP treatment; 
however the application of N fertilizers to low-rainfall sites is a critical 

operation; and N fertilizers applied at seeding time could have a negative 
effect on yields if rainfall is delayed or scarce. However, from Table 6, 

it is clear that the response to NP fertilizers combined (NP-control yield) 

was greater in most cases to P fertilizers response alone (NP-N yields) and 

consequently, both nitrogen and phosphorus fertilizer use in such arid areas 

should be considered. The relative response to N and P fertilizers should 
be investigated more thoroughly and be related to main soil and environmental 
factors in order to obtain practical recomnendations which farmers can adopt 
with confidence. 

The results of N analysis of grain barley cultivars from the six 
fertilizer experiments carried out in the year 1982-83 were grouped in 
Table 7. In 4 out OF 6 experiments nitrogen fertilizers and especially 
(N, or N,P, treatments) had a positive and significant effect on grain N 
content. This kind of work needs further investigation. 
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Table 1 .  L i s t  o f  Soi l ,  P rec ip i ta t ion  and F e r t i l i z a t i o n  Variables 
included i n  the  Regression Models o f  the Ar t i c le .  

\ lar iable Speci f icat ions 

SD 

STONE S 

STONE P 

SLOPE 

CALT 

CALA 

CEC 

SICLAY 

POTT 

PHOS 

BD 

SAPR 

SON 

DJAN 

NADD 

N2ADD 

P ADD 

P2ADD 

N P 

GRAIN 

STRAI.1 

So i l  depth i n  cms. 

Stoniness % o f  the surface. 

Stoniness % volume o f  horizon A. 

So i l  s~ i r face  slope %. 
Total CaCO, %. 
Act ive CaCO, (Dror~ineau) . 
Cation exchange capacity (meg1100 g )  . 
( S l i t  + Clay) % o? horizon A. 

Total (soluble + exchangeable) K i n  horizon A. I n  par ts  
per m i l l i on .  

Available s o i l  P (ppm) o f  horizon A. 

Bulk density i n  (gr/cm3) o f  horizon A. 

Total pret ip i t .a t ion from September through Ap r i l  (mn). 
Total p rec ip i t a t i on  from Scptemher t o  end November (mn).  
Total p rec ip i t a t i on  i n  December + Jantrary (mm). 

Nitrogen f c r t . i l i z e r  added i n  kgs N/donum. 

Square o f  N f e r t i l i z e r  added i n  kg N/donum. 

Phosphate f e r t i l i z e r  added i n  kg P20s/donum. 

Square o f  P fe r t . i l i ze r  added i n  kg P20s/donum. 

Prodt~ct o f  N and P f c r t i l  i z e r  added i n  kg/donum. 

Grain har ley y ie lds  i n  kg/donum. 

Strav~ bar ley y i e l ds  i n  kg/don~~m. 



Table 2 .  h l t i p l e  Correlat ion Coeff icients (R )  between So i l  and 
Precip i ta t ion Variables with Grain and Straw Barley Yields 
during Three Consecutive Years 1980, 1981 and 1982. 

Variables (R) 
Grain Straw 

DJAN + 0.53 + 0.48 

SAPR + 0.63 + 0.60 1 

SON + 0.57 + 0.64 

SO + 0.48 + 0.57 

CEC + 0.14 + 0.29 

PHOS + 0.16 + 0.02 

CALT - 0.22 - 0.12 

STONES - 0.10 - 0.22 

STONEP - 0.11 - 0.29 

BD - 0.18 - 0.30 



~ ~ ~ 

Table 3. Regression Models f o r  Grain Y ie lds  o f  Local Ba r ley  C u l t i v a r s  w i t h  t h e i r  Respective 
'Cgef f i c ien ts  o f  D2terminat ion f o r  t h e  Three Years 1980, 1981 and 1982 Coobiqed. 

Grain Y i e l d  
kg/ 1000 M2 Regression Equations 

YGI = - 2.232 STONES - 3.556 STONEP + 10.81 SLOPE + 588.9 BD 

t15.04 POROSITY - 4.275 CALA - 1277.37 0.424 0.179 

' ~ 2  = - 0.0438 DJAN + 0.077 SAPR + 0.379 SON + 1.309 SICLAY 

+ 1.555 SD - 0.0259 POTT - 0.5252 PHOS - 1.387 CALT 

- 0.2498 CEC + 12.3707 3.761 0.579 A w 
W .............................................................................................. 

' ~ 3  = - 0.2352 STONES + 0.4315 STONEP+ 6.215 SLOPE + 879.3 BD 

+ 25.64 POROSITY + 5.426 CALA - 0.6818 DJAN + 0.5238 SAPR 

- 0.2015 S9N - 0.4599 SICLAY+ 1.094 SD - 0.0264 POTT 

- 0.5911 PHOS - 1.945 CALT - 0.2362 CEC - 2388.7712 0.355 0.750 



-. 

Table 4. Regression Models for Straw Yield of Local Barley Cultivar with their Respective 
Coefficients of Determination for the Three Years 1980, 1981 and 1982 Cgmbined. 

Grain Yield 
kg/1000 M2 Regression Equations 

Ysl = - 2.576 STONES - 0.9977 STONEP + 22.51 SLOPE 
+45.92 BD + 7.331 POROSITY- 3.02 CALA - 181.8154 0.579 0.336 

Ys2 = - 0.8621 OJAN + 0.2389 SAPR + 1.675 SON + 2.663 SICLAY 

+ 0.2915 SD - 0 .a5375 POTT - 4.79 PHOS - 2.395 CALT 
+ 1.705 CEC - 61 .6953 0 -892 0.795 

W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P 

Ys3 = + 0.4349 STONES- 0.4935 STONEP + 5.468 SLOPE 
+ 1708 BD + 47.88 POROSITY+ 12.91 CALA - 1.99 DJAN 
+ 1.004 SAPR + 0.8166 SON + 0.3302 SICLAY 
+ 2.834 SO . - 0.0405 POTT - 5.884 PHOS- 5.018 CALT 

. .~ + 0.7935 CEC - 4641.574 . - -  - - .  .~ . . .  
. . . , . . .  . . . . . . . . .  

0.913.. . 0.834 
. . . . . . . 



-- 
Table 5. Regression Models for Grain Yields of Local Barley Cultivars with their Respective 

Coefficients of Determination for the Two Years 1981 and 1982 Combined with the 
Introduction of Fertilizer Variables and their Interactions. 

Grain Yield 
kg/ 1 OOOMZ Regression Equations R R2 

Year 
1981 + 1982 - 0.1392 STONES - 0.7977 STONEP + 14.92 SLOPE 

+15.22 BD - 1.482 POROSITY + 15.41 CALA 
+ 0.1077 DJAN - 0.2589 SAPR + 0.8082 SON 
+ 0.1939 SICLAY + 0.5797 SD - 0.2087 POTT 
+ 2.912 PHDS - 4.305 CALT - 4.206 CEC W 

+ 0.4311 NADD - 0.0052 N2ADD + 4.814 PADD 
U1 





Table 7. Effect of N and P Fertilizers on Nitrogen Content (%) in Barley Grain i n  Di.l'F-rant Sites of 
Syria during 1982-1983 Season. 

--.-- 

Total Forti 1 izzr Treatments 
Site Name Varioty -- L a 2 1  oF LSD LSD 

Precip . 0 
N1 N2 

signifi- .01 .02 
N2P2 cance ' I-. 

Firklos 200.4 Arabi Aswad 3.07 2.89 3.29 3.24 3.18 - - - 
Mo karram 247.7 AraSi Abiad 2.19 2.40 3.11 2.42 2.73 ;t* 0.64 0.46 

Sal amich 255.5 Arabi Abiad 3.97 3.50 3.35 3.20 3.02 - - - 
Okeirbat 181.9 - 1.99 2.00 2.73 2.04 2.60 * 0.84 0.60 

314.0 ** W 
Morek Six rows 2 .?3  2.81 3.02 2.30 3.17 0.41 0.29 u 

Tal !(alakh 853.3 - 2.59 3.55 3.58 2.72 3.60 ** 
. .  . . . .  . .  . . . . ~ 0.87 0.62 

. . .  . . ,  . . .  . 
- 



Total Precipitation in mm 

Figure 1 Relative response to phosphate fertilization of 
Barley as function of total precipitation in 
growing season in various sites of Syria 
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I. Introduction 

Soil Fertility and Plant Nutrition Section has initiated a study 

on 1974 /75  to assess the response levels of the Syrian soils to 

phosphate application, and a series of fertilizer experiments have been 

conducted on some of Syria's economically important crops of which wheat 

crop is one. This study aimed to elaborate on the follo~ring points: 

1. To assess the absorbable phosphorus content of different types 

of soils (estimated according to Olsen method) in all Syria 

Provinces. 

2 .  To determine response levels to phosphate fertilizer of wheat 

grown on different types of soils, in terms of: 

a. the absorbable phosphorus level at which wheat crop does 
or does not respond to phosphate application, and 

b. the economic rate of application based on the actual or 
effective content of absorbable phosphorus in the soils. 

Intensive experimentation has been conducted to define the 

transformation of phosphorus in soils, particularly in calcareous soils. 

The phosphorus balance (total phosphorus applied to the soil minus the 

quantity extracted by the crop and the quantity lost with drainage water) 

calculated by some of these studies indicates that a considerable propor- 

tion of the phosphorus applied to the soil does not become available to 

the crop as it.is transforned to either in organic or to organic but un- 

soluable compounds (phosphorus fixation). Hence P quantity used by the 

crop constitutes only a very small proportion of the total quantity 

applied. 



Phosphorus fixation in the soil poses two problems practically. 

- The first related to P quantity which effectively remain 
available in the soil for absorbation by plants' roots. 

- The second is related to the assessment of absorbable P level 
that must be maintained in the soil. 

Arview. J.C., 1967, found that the aqueous solution of phosphate, 

in the presence of Calcium Carbonate, transforms to Dihydro Calcium 

phosphate which firstly precipitates, then transforms to Tri-Calcium 

phosphate. This transformation process is strongly affected by 

temperature. However, the relationship between the results of soil 

analysis in terms of its P content and the response to phosphate 

fertilizer depends on the method of phosphorus extraction from the soil. 

Extraction solution differes from one method to another. According to 

Olsen, 1954, with extraction solution of pH=8.5 the following responses 

to phosphate was recorded: 

- If soil content of absorbable phosphorus is less than 6 PPM 
phosphorus application would have significant responses. 

- A probable response to phosphorus application is expected in 
soils of 6-12 PPM of absorbable phosphorus content. 

- The response to phosphorus application is nil on soils of 
absorbable P content of more than 12 PPM. 

Based on phosphorus extraction method by Sodium Bicarbonate solution, 

Bingham, 1962, gave limits for crops with low, moderate or high requirements 

of phosphorus. He defined borders where phosphorus is insufficient, 

response to phosphorus is probable, or no response for some crops of, 

low requirement of phosphorus. Bingham considered wheat one of phosphorus 

low requirement crops, and a soil content of 4 PPM absorbable is not 

enough for the crop, the response is probable at 5-7 PPM and nil at soil 

content of more than 8 PPM absorbable P. 



2. Methods and Materials 

2.1 Location 

The locations of the experiment were selected according to the 

following procedure. For each province, ten soil samples representing 

different groups of soils were analysed and the absorbable phosphorus 

contents were estimated. Based on these contents (ranging from 3 to 

14.5 PPM) locations of variable contents were selected. Then, another 

soil analysis was conducted for the selected locations just before 

planting in order to re-assess the effective levels of phosphorus 

contents prior to fertilizer application. Later on, another soil 

sampling and analysis was carried out after harvesting the crops to 

define the effect of different application rates of phosphorus on basic 

P contents of the soils. 

2.2 Experimental Design 

- Five levels of phosphorus application (with one level of N 
application for all the treatments) were studied. The 
treatments were distributed on completely randomized plots 
with three replicates. 

- Plot area was 20 m2 (8 x 2.5 m). 

- Wheat variety Cite Siros was grown in all provinces except 
Dar'aa and Sweida where the variety grown was Hourani. 

- Nitrogen fertilizer (in the form of Calcium Nitrate) was 
applied before planting at the rate of 80 kglha of N. 

- Super mono phosphate was applied before planting at the rates 
of 0, 30, 60, 90, and 120 kg/ha of P205. 

- Sowing rates were 110 kg/ha for Cite Siros and 120 kg/ha for 
Hourani . 



- ! 

3. Reeults 

- Seasonal rainfall and the dates of major agricultural operations 
for each location are presented in Table 1. 

- Table 2 shows the analysis results of soil samples taken before 
fertilizer application. The following measurements were recorded 
for each sample: pH and electric conductivity of the saturated 
soil phase by using pH and Ec equipment. The organic matter was- 
estimated according to the Dichromate method, the total Calcium 
Carbonate by the Calcirneter method, the active Calcium Carbonate 
by Drouineau method, the total N by Kjeldahl method, the cxchange- 
able K by flame spectrophotometer, and the mechanical analysis 
of the soil was assessed by using the Hydrometer method without 
removing Calcium Carbonate. 

Available phosphorus was estimated according to Olsen method. 

- The results of post-harvest sampling and analysis of soils are 
shown in Table 3 .  

- Table 4  shows yields and yield responses to phosphate fertilizer 
of different treatments. 

- The economic rate of application for each experiment was calculated 
within the limits that statistical analysis results permit. The 
following prices were considered: 

kg of Super mono phosphate = 34 SP 

kg of Wheat = 49 SP 

Regression equations of yield with respect to phosphorus application 
are listed in Table 5 where, 

? - Yield (kglha) 
P = P205 (kglha) 



Discussion of Results 

Rainfed wheat response to phosphate fertilizer was studied in 22 

trials (18 for Cite Siros variety and 4 for ~ourani). The soils of trials' 

locations were greatly varied in terms of physical and chemical character- 

istics. 

1. Organic matter can be considered less than moderate in all 

locations with the exception of trial No. (13 and 16) where it 

was relatively good. 

2. Soil contents of Calcium Carbonate and active Calcium Carbonate -- 
major factors in phosphorus fixation process especially in 

Calcareous soils -- varied widely within the sample. The 

contents were as follows: 

1.5 - 7 % in experiments No. 1 ,  2, 6, 7, 13, 16, 19, 20 and 21. 

11 - 40 % in experiments No. 2, 4, 5, 8, 12, 14, 17, 18 and 22. 

40 - 75 % in experiments No. 9,10,11,15. 

3 .  Due to the low level of organic matter in most of the sampled 

soils,the total N contents were also small. Exception to this 

was the case of locations No. 13 and 16. In these two locations 

the yields of control treatment (PO) t.iere higher than normal 

yields. This most likely due to positive response of $heat to 

N fertilizer applied homogeneously to all trial plots. 

4 .  Most soils were rich in exchangeable K element with the exception 

of locations 10, 11 and 13 (moderate level of K), and locations 

1, 12 and 15 (low level of K). 



5. Soil content of absorbable phosphorus varied widely in the 

sample and the locations were selected to reflect this 

variation in order to achieve the objectives of the study. 

6 .  The relationship between soil content of absorbable phosphprus 

(P/PPM) and crop response to phosphate application was estimated, 

where it was possible, by regression equations of yield calculated 

from the results of statistical analysis after compensating P 

value by the economic rate of phosphorus application. In cases 

where equation calculations were not possible the economic rate 

of application was estimated from production increase of the 

treatment over the control treatment provided that the increase 

was big enough to cover the cost of fertilizer applied. 

7. The statistical analysis for results of 22 experiments indicates 

the following points: 

- Wheat response to phosphate application was significant in 
11 experiment and it was possible to calculate the economic 
rate of P application under such conditions. 

- Yield responses to phosphate were unsignificant in 7 
experiments, and the statistical analysis data did not 
allow the calculation of equation which relates yields to 
applied phosphorus. 

- Wheat did not respond to phosphate in 4 experiments. 

8. Figure 1 shows the relationship between soil content of absorbable 

phospharus defined as PlPPM (X axis) and yield response to 

phosphate (Y axis). It is obvious (in the Figure) that on soils 

of 4-6 PPM phosphorus content wheat responsed positively td 

phosphate application. The response varied according to sail 

type, it was higher in non-calcareous soils (experiment No. 12) 

and lower in the Calcareous soils (experiments No. 4 ,  11 arid 131.' 



1.  Wheat crop responded positively to phosphate application in 

1 1  experiments. The economic rate of application ranged 

between 33 and 94 kgfha of P. 

2. The responses were non-significant in 7 experiments. 

3 .  There was no response in 4 experiments. 

4 .  At a given level of P the response to phosphate application 

varied with respect to soil type. Generally speaking we can 

say that at 4-6 PPM soil content of absorbable phosphorus the 

response was obvious, and as this content increased over 9 PPM 

the response was almost nil. 

5 .  The relationship between soil content of absorbable phosphorus 

and rainfed wheat response to phosphate application is weak and 

statistically not significant. However, this response declines 

as soil content of absorbable phosphorus increases. 



Table 1. Rainfall, Dates of Major Agricultural Operations. 

Dates of 
Trial N and P Rainfalls 
No. Location Application Sowing Date IIIIU Harvest Date 

1 Homs-Hawleh 16/12/1974 16/12/1974 478.5 25/6/1975 

2 Hama-Mesyaf 21 111975 2 /  111975 395.6 3/6/1975 

3 Hama-Kafr Zeita 8 1  111975 8 /  111975 395.6 10/6/1975 

4 Hama-Kafr Bahem 2/12/1974 2/12/1974 343.4 2/6/1975 

5 Aleppo-Azaz- 
Alqirneh 1311 111974 1311 111974 4 10 12/6/1975 

6 Aleppo-Azaz- 
Mohamed 
Maradi 14/11/1974 14/11/1974 410 14/6/1975 

7 Idleb-Harem 3/12/1974 3/12/1974 559.4 9/6/1975 

8 Idleb-Ma'arah 28/12/1974 28/12/1974 383.5 7/6/1975 

9 Lattakia- 
Yougousneh 171 11 1974 17/11/1974 1313.0 22/5/1975 

10 Lattakia- 
Khalali 28/11/1974 28/11/1974 1313.0 24/5/1975 

11 Lattakia- 
Bir Abd 27/11/1974 27/11/1974 974.9 26/5/1975 

12 Lattakia- 
Qarouj eh 18/11/1974 18/11/1974 974.9 27/51 1975 

Tartous- 
Sheikh Badr 

Tartous-Safita 

Tartous-Thawra 

Tartous- 
Dreikish 

Hassakeh- 
Melkieh 

Hassakeh- 
Kamishl i 

Dar'a-Nowa 

Suwida-Shahba 

Suwida-Lakhd 

Suwida-Shahba 

1423.4 

1318.4 

1039.2 

1280.5 

566.8 

405.3 

N.R. 

200 

200 

216.6 
- 

N.R. = Not recorded. 



Table 2. Soi l  analysis  resu l t s  of samples (0-25 cm) taken from the t r i a l  
locations prior t o  f e r t i l i z e r  application. 

% of So i l  Dried by Air 

Organic Calcium Effective Total Absorbable Exchangeable 

No. pH Matter Carbonate Calcirlm N P PPM K PPM 

1 7.3 1.13 1 .0 2.9 0.10 62.0 30 

2 7.9 1.57 2.0 2.6 0.10 6.0 473 

3 7.6 1.01 37.0 16.4 0.08 6.5 323 

4 7.7 1.45 14.0 6.5 0.10 13.0 633 

5 -- 0.63 14.0 5.9 0.08 8.0 593 

6 - 1.40 4.0 5.9 0.08 5.0 320 

7 8.0 1.60 7.0 3.6 0.11 5.0 400 

8 7.5 1.01 31.5 14.8 0.06 6.0 458 

9 7.6 1.89 41.5 16.4 0.13 13.0 393 

10 8.0 1.60 51.5 14.4 0.10 7.5 160 

11 7.9 2.26 42.5 16.4 0.14 14.0 250 

12 -- 0.91 11.0 4.5 0.06 5.0 130 

13 -- 3.15 3.5 3.6 0.19 12.0 230 

14 -- 2.39 39.0 4.5 0.12 7.0 365 

15 -- 1.26 75.0 16.2 0.05 7.0 15 

16 -- 3.30 1.5 0.06 0.20 4.5 500 

17 -- 1.76 20.0 7.9 0.10 4 .O 508 

18 -- 1.44 28.5 12.8 0.09 4.0 480 

19 -- 0.69 4.0 1.98 0.08 3.0 490 

20 7.7 1.57 1.5 2.97 0.08 8.5 375 

2 1 7.9 0.82 1.5 3.9 0.07 4.5 630 



Table 3. Absorbable phosphorus contents of soils ramplor taken from tha 
fertilizer traatments after harvest. 

First Second Analysis Differencar Between the First md 
Analysis (after harvest) the Second Analysis 
(Before 

No. planting) Po Pl P2 P3 P4 Po P 1 P2 P3 P4 

22 5.0 7.5 9.5 8.0 11.0 5.0 +2.5 +4.5 +3.0 +6.0 0 

* Negligible amount. 



Table 4 .  Effect of phosphate application on the yields of rainfed wheat 
(kgtha). 

Yields According to  Yield IncreaseOvernon - - -  ~~ - 
Treatments Fertilized Treat. (Po) L.S.D. Coefficient 

No. Po PI P2 P3 P4 P1 P2 P3 P4 1Z 5Z of Variance 

-- Inaccurate 

138 3 . h  

179 2.1 

530 8.7 

708 14.5 

316 6.9 

202 5.6 

640 14.1 

-- Inaccurate 

1262 20.6 

586 13.3 

1124 Inaccurate 

987 22.8 

-- Inaccurate 

-- Inaccurate 

-- Inaccurate 

611 10.8 

1043 19.0 

277 9.5 

-- Inaccurate 

507 14.3 

186 5.5 



Table 5. Regression equations of yield with respect to phosphorus and the economic 
application of phosphate fertilizer. 

Soil Content Economic 
of Regression Equation of Yield Application 

No. Phosphorus with respect to Phosphorus of P205 Observations 
P PPM kg/ha 

I 62.0 -- -.. No effect of Phosphorus 
A 

2 6.0 V = 1783 + 6.221 P - 0.02775 P2 38 -- 
3 6.5 ? = 3648 + 17.250 P - 0.06944 P2 95 -- 
4 13.0 -- -- Unsignifieant Effect 

A 

5 8.0 Y = 2285 + 15.953 P - 0.11905 P2 50 -- 
A 

6 5.0 Y = 2129 + 18.775 P - 0.15738 P2 46 -- 
A 

7 5.0 Y 3 1436 + 15.558 P - 0.08835 P2 65 -- 
A 

8 6.0 Y = 1728 + 26.393 P - 0.18624 P2 60 -- 
9 13.0 -- - No effect of Phosphorus 

A 

10 7.5 Y = 2704 + 22.853 P - 0.1541 P2 61 -- 
1 I 14.0 -- -- No effect of Phosphorus 

* 
12 5.0 Y = 683 + 38.230 P - 0.19050 P2 89 -- 
13 12.0 -- -- Unsignificant Effect 

14 7.0 -- -- No effect of Phosphorus 

15 7.0 ? = 4882 + 10.317 P - 0.09524 PZ 33 -- 
I6 4.5 -- -- Unsignificant Effect 

* 
17 4 .O Y = 2855 * 11.627 P - 0.09920 P2 38 -- 
18 4.0 -- -- Unsignif icant Effect 

19 3 .O -- -- Unsignificant Effect 

20 8.5 -- -- Unsignificant Effect 

2 1 4.5 -- -- Unsignificant Effect 
* 

22 5.0 Y - 1600 + 11.047 P - 0.08465 P2 41 -- 



Relat ionship between S o i l  Content o f  P 
and the Response o f  Rainfed Wheat t o  
Phosphate F e r t i l i z e r .  
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1. Introduct ion 

Many o f  the s o i l s  i n  the Mediterranean environment are de f i c ien t  i n  p lant -  

-avai lable nut r ients  (Jackson, 1977; S i l  lan$%, 1982). Application o f  f e r t i l i z e r s  

under such condit ions may increase y ie lds  s ign i f i can t l y ,  even though potent ia l  

y ie lds  under ra in fed condit ions are determined by avai lable moisture i n  low- 

- r a i n f a l l  area's (FAO, 1969; Harmsen e t  a l ,  i n  press). Increased leve ls  o f  

avai lable nut r ients  may enhance roo t  development and ear ly  vegetative growth, 

which may r e s u l t  i n  increased water use e f f i c i ency  by the crop (Cooper, i n  press; 

Cooper e t  a l ,  i n  press). Research conducted by the Internat ional  Center f o r  

Agr icu l tura l  Research i n  the Dry Areas (ICARDA) has confirmed tha t  there ex is ts  

a considerable potent ia l  f o r  increasing y ie lds  o f  cereal crops under ra in fed 

conditions, through the use o f  n i t rogen and phosphorus f e r t i l i z e r s ,  and improved 

crop management (FAO, 1969; Cooper, i n  press; Harmsen e t  a1 , i n  press). 

The ob ject ive o f  t h i s  paper i s  t o  discuss some o f  the factors  tha t  l i m i t  

y i e l ds  i n  dryland barley production i n  Syria. Some resu l ts  o f  experiments con- 

ducted a t  experimental s i tes  and i n  farmer's f i e l d s  w i l l  be presented. 

2. Factors l i m i t i n g  y i e lds  o f  dryland barley - crops 

The potent ia l  y i e l d  o f  a pa r t i cu la r  crop may be defined as the maximum 

y i e l d  tha t  can be obtained under a given set o f  environmental conditions, tha t  

cannot be cont ro l led by the farmer. Potent ia l  y ie lds  under i r r i g a t e d  conditions 

would be determined by crop genetic factors, and environmental factors, such as 

daylength, radiant energy and temperature. Under ra in fed conditions, i n  a r i d  and 

semi-arid regions, potent ia l  y ie lds  are general ly determined by moisture avai lab le  

t o  the crop. 

Actual y ie lds  i n  farmer's f i e l d s  are usual ly lower than the potent ia l  y ie lds  

under those conditions. Factors tha t  may l i m i t  y ie lds  under farmer's conditions, 

include the incidence o f  weeds, pests and diseases, poor p lan t  establishment, 

nu t r ien t  deficiencies, damage caused by rodents, b i rds etc. I t  i s  usrtally 



d i f f i c u l t ,  i f  n o t  impossible, t o  determine which f a c t o r  a c t u a l l y  l i m i t e d  crop 

y i e l d  i n  a  farmer 's  f i e l d .  Th is  i s  because d i f f e r e n t  f a c t o r s  may l i m i t  growth 

ra tes  o f  crops a t  d i f f e r e n t  stages du r ing  the  growing season. For  example, 

a v a i l a b l e  moisture o r  low temperatures may l i m i t  growth r a t e s  e a r l y  i n  the  season. 

then n u t r i e n t s  may become l i m i t i n g ,  l a t e r  on pests o r  diseases, whereas a t  t h e  

end o f  the  season moisture o r  temperature may again become l i m i t i n g .  Other 

f a c t o r s  do n o t  d i r e c t l y  a f f e c t  c rop  growth rates,  bu t  tend t o  depress y i e l d s .  

For  example, g raz ing  o f  t h e  c rop  (sheep, camels) tends t o  depress f i n a l  crop 

y ie lds ,  whereas weeds compete w i t h  the  crop f o r  moisture and nut r ien ts , 'and thus 

tend t o  depress crop y i e l d s .  Fac tors  such as crop r o t a t i o n ,  t i l l a g e  methods, 

seed qua l i t y , t imeand  method of sowing, and seeding rate,  may a f f e c t  crop 

establ ishment  and  t h e  e f f e c t i v e  l e n g t h  o f  t h e  growing season, and the re fo re  

a f f e c t  y i e l d s .  

Matar (1981) showed t h a t  y i e l d s  o f  cereal  crops i n  farmer 's  f i e l d s  along 

the  Tartous-Palmyra t ransec t  were h i g h l y  c o r r e l a t e d  w i t h  r a i n f a l l  ( p o s i t i v e )  and 

the  incidence o f  weeds (negat ive) ,  and w i t h  f a c t o r s  t h a t  a f f e c t  p l a n t  s tand 

establ ishment and t h e  s o i l  water  balance, such as stoniness, slope, s o i l  depth, 

s o i l  t e x t u r e  and bu l k  dens i t y  o f  t h e  s o i l .  The a v a i l a b l e - n u t r i e n t  s ta tus  o f  

t h e  s o i l  d i d  n o t  appear t o  be h i g h l y c o r r e l a t e d  w i t h c r o p  y i e l d s .  

I n  t h i s  connection, two p o i n t s  may be mentioned: 

(1) Even i n  n u t r i e n t - d e f i c i e n t  s o i l s ,  t h a t  i s ,  i n  s o i l s  t h a t  a re  unable t o  supply 

the  crop w i t h  s u f f i c i e n t  n u t r i e n t s  t o  sus ta in  p o t e n t i a l  growth,yields are n o t  

necessa r i l y  l i m i t e d  by  a v a i l a b l e  n u t r i e n t s .  Therefore, a p p l i c a t i o n  o f  f e r t i l i z e r s  

t o  co r rec t  n u t r i e n t  d e f i c i e n c i e s  does n o t  necessa r i l y  increase y i e l d s  under 

farmer 's  cond i t ions .  Other f ac to rs ,  such as a v a i l a b l e  moisture, low temperatures, 

pests o r  diseases may be more l i m i t i n g  than a v a i l a b l e  n u t r i e n t s .  App l i ca t i on  o f  

f e r t i l i z e r s  ( i n  p a r t i c u l a r  n i t rogen)  under strch circumstances may acutual l y  debress 

y i e l d s .  F o r  example, a p p l i c a t i o n  o f  n i t r o g e n  f e r t i l i z e r  i n  a  d r y  year  may depress 

y i e l d s  due t o  haying o f f  o f  t h e  crop. App l i ca t i on  o f  n i t rogen  may a l s o  c rea te  

cond i t ions  favourable f o r  the  development o f  pests o r  diseases, due t o  enhanced 

vegeta t ive  growth, o r  may r e s u l t  i n  a  s t rong  development o f  weeds. 



The f a c t  t ha t  l i t t l e  o r  no response t o  f e r t i l i z e r  i s  obtained, does not  imply. 

however, t ha t  the s o i l s  were n o t  de f i c i en t  i n  nutr ients.  I t  h igh l ights  the 

importance o f  other factors i n  the system, and o f  in teract ions between the 

factors t ha t  a f f ec t  y ie lds,  such as nutr ient-moisture and nutrient-weed i n te r -  

actions. It may be concltrded tha t  i n  order t o  increase y ie lds  under ra in fed 

farming conditions, nu t r ien t  def ic ienc ies have t o  be corrected, but  the app l i -  

cat ion o f  f e r t i l i z e r s  has t o  be pa r t  o f  a ca re fu l l y  designed package, i n  which 

other y i e l d  determining factors, and t h e i r  interact ions,  are considered. 

(2) Even i f  avai lable nutr ients,  ra ther  than avai lable moisture, are l i m i t i n g  

actual growth rates during most o f  the season, y i e l ds  tend t o  increase w i th  

higher r a i n f a l l .  This i s  because i n  a season wi th  above-average r a i n f a l l ,  and 

a favourable r a i n f a l l  d is t r ibu t ion ,  the ef fect ive a v a i l a b i l i t y  o f  nu t r ien ts  i s  

l i k e l y  t o  increase. Moisture penetrates deeper i n t o  the so i l ,  thus increasing 

the volune o f  s o i l  accessible t o  the root ing system. An ear ly  s t a r t  o f  the ra ins 

may lengthen the growing season, and create more favourable condit ions f o r  ear ly  

vegetative growth, a lso because average temperatures are higher i n  November, 

than i n  December on January. A be t te r  roo t  development and a higher microbio- 

log ica l  a c t i v i t y  i n  the s o i l  may resu l t  i n  an increased a v a i l a b i l i t y  o f  s o i l  

nut r ients .  Late ra ins al low the crop t o  take up nut r ients  from the surface 

horizon, where nu t r i en t  a v a i l a b i l i t y  ( i n  p a r t i c ~ t l a r  phosphorus) may be higher 

than i n  subsurface horizons. Therefore, y ie lds  are l i k e l y  t o  increase w i th  

higher r a i n f a l l ,  hu t  h i s  does no t  imply t h a t  avai lable nut r ients  rro~t ld no t  be 

a major l i m i t i n g  factor. 

I n  most o f  the bar ley producing area i n  Syria, r a i n f a l l  i s  the main var iable 

determining differences i n  y i e l ds  between seasons. For example, bar ley y ie lds  

i n  Syria i n  the period o f  1969-1980, ranged from 97 (1973) t o  1310 kg grain/ha 

(1980), w i t h  an average o f  711 (t 379) kg grain/ha (MAAR, 1977, 1080). I t  may be 

assumed t h a t  the f luc tuat ions i n  bar ley y i e l ds  between seasons (Figure 1) mainly 

ref lected dif ferences i n  r a i n f a l l  conditions between seasons. A l i n e a r  regression 

o f  mean bar ley y ie lds  i n  a l l  o f  Syr ia on estimated r a i n f a l l  i n  the major barley 



producing areas (weighted average p ropor t i ona l  t o  the  area under ba r ley  i n  each 

province) r e s u l t e d  i n  the  f o l l o w i n g  recjression equation f o r - t h e  per idd1969~T980:  
- ?, ' " . .  . I \ . . 

GY .= 0.0036(R-151) 11.12, r2.0.78 :. - - '  . 
.~ . . - 

where GY denotes g r a i n  y i e l d  (kg/ha). R denotes r a i n f a l l  (mn/scason), n-SS' t h e  

number o f  seasons, and r 2  i s  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  (Harmsen and Ande~rson, 

i n  preparat ion) .  Hence, ba r ley  y i e l d s  tended t o  increase w i t h  h igher  r a i n f a l l  

(F igure 2), even though n u t r i e n t  de f i c ienc ies  were probably a major y i e l d  l i m i t i n g  

f a c t o r  i n  r a i n f e d  ba r ley  product ion i n  Syr ia .  

Agronomy experiments conducted i n  Syria, as p a r t  o f  a j 6 i n t  research . 
program between ICAROA, ACSAD and ARC-Douma, have shown t h a t  g r a i n  j l ie lds 'o f .  ' r  

cereal  c rops  i:ncreased w i t h  r a i n f a l l  across locati 'ons, and -tenlied t o  in&reas:e 

w i t h  f e r t i l i z e r  a p p l i c a t i o n  a t  each individu-a1 loca t ion .  For  examp1e;;a ~ l i n ~ i a r  

'regresGion o f  g r a i n  y i e l d s  i n  f e r t i l i z e d  p l o t s  a t  17 locat io t ls  i n  .Syria..(d198tA82 

sea.son)- resu l ted  i n  the  f o l l o w i n g  regression equation : . . . , ........! . .,..? , ., 
. . , ~. . . 

, .. . . t ::;: ,,.-.., .. . 

and f o r  g r a i h  y i e l d s  i n  u n f e r t i l i z e d  p l o t s  the  fo l lowing pegression e q u a t i o n -  

was obtained:' . . 
:. ., . . . .. *, L .I 

'. . ~. . . r ) , ,  , ,  . , . . , . ,? . . . . ': . .  . 

' 
' GY = 0.0089(R-118) n=, 17, r2=0:. 56 . . . - :- . . 

,. ,... . - 
Heflce, y i e l d s  tended t o  increase w i t h  r a i n f a l l  (F igure 3), b u t  the  increase was 

m o t e  primounced under f e r t i l i z e d  condi t ions (15 kg grain/ha ,per nun o f  r a i n f a l l )  

than under u n f e r t i l i z e d  cond i t ions  (8.9 kg gra ih/ha.per  mm o f  r a i n f a l l ) :  . :  

A t  each i n 3 i v i d u a l ~ l o c a t i o n ,  y i e l d s  tended to: increase With app l i ca t i onzo f  f e r t i -  

1 i z e r ,  from about 770 kg gra in/ha a t  200 nrm o f  r a i n f a l ' l  , . t o  about 1990 kg grain/ha 

a t  400 mn. ,Th is  i l l u s t r a t e s  t h a t '  a p p l i c a t i o n ~ o f  f e r t i l i z e r . n i a y  s i g n i f f g a n t l y  c; 

increase y i e l d s ,  and thus water-Die ir f f ic iency,:even under I N - r a i n f a l l  I .  : , 

. . . . . , condit ions.. . . .  



3. Yield functions and f e r t i l i z e r  use efficiency 

The yield  of cereal crop ( Y )  may be described a s :  

where f denotes the yield  function, and XI, X2, . . denote variables such as 

available moisture and nutr ients ,  temperature, pests, diseases, needs, soi 1 

conditions and management factors .  

Under experimental conditions, the yield  function can often be simplified, 

because many of the factors  limiting yields  in farmer's f i e ld s ,  are  controlled 

in  experimental plots .  I n  fert i l izer-response t r i a l s ,  weeds, pests and dis-  

eases are usually controlled, unless they arc? fact.ors in the experiment. 

Most experimental f ie lds  are  on deep so i l s ,  f ree  of stones, and on nearly f l a t  

land, such tha t  these soi l  factors  do not cont.rihr~te to  y ie ld  differences 

between d i f fe ren t  locations. Crop management (seeding rat.e, rob! spacing, sow- 

ing method) are  usvally vniform among d i f fe ren t  locations, and i f  the experi- 

mental s i t e s  a r e  a t  approximately the s am alt,itude, temperatttre conditons are  

l ike ly  t o  be similar between d i f fe ren t  1ocat.ions as ~1.11. llnder srtch conditions, 

most of the variation in yie lds  betv~een locations !.rill he dtre t o  differences in 

available moistt~re ( 0 ), and in  available nitrogen ( F I )  and phosphor~~s ( P ) .  

Hence, the yield  fi~nct.ion rcduces to: 

where i t  i s  assumed tha t  N and P are factors in the experiment, and tha t  one 

crop variety i s  used as the indicator crop. 

In variety-testing t r i a l s ,  the yield function would take the form: 

where V denotes variety, and where i t  i s  assumed tha t  suf f ic ien t  f e r t i l i z e r  i s  

applied t o  correct  nutr ient  deficiencies.  For example, a 1 inear regression of 



g r a i n  y i e l d s  o f  barley, durumwheat and breadwheat (average o f  a l l  v a r i e t i e s  

f o r  each crop)  i n  t h e  1981-82 farmer's f i e l d  v e r i f i c a t i o n  t r i a l s ,  on est imated 

r a i n f a l l  du r i ng  the growing season, r e s u l t e d  i n  t h e  f o l l o w i n g  regression 

equation: 

Hence, 78% o f  t h e  observed v a r i a t i o n  i n  y i e l d s  o f  cereal  crops between loca t ions ,  

cou ld  be expla ined by  est imated seasonal r a i n f a l l  ( f rom nearby metero logical  

s ta t i ons )  f o r  those l oca t i ons  (F igure  4).  

Moisture ava i l ab le  t o  the  crop dur ing  the  growing season (@), depends on 

the  moisture s ta tus  o f  t h e  s o i l  a t  t h e  s t a r t  o f  t h e  season (e.g., moisture 

c a r r i e d  over from fa l low) ,  on t h e  amount, d i s t r i b u t i o n  and i n t e n s i t y  o f  r a i n f a l l ,  

on c l i m a t i c  var iables,  such as temperature and r e l a t i v e  humidity,  on crop fac tors ,  

such as stand establ ishment and r o o t i n g  pat tern,  and s o i l  f ac to rs ,  such as slope, 

s o i l  depth, permeabi l i ty ,  and water-hold ing capaci ty .  I n  most f e r t i l i z e r  o r  

v a r i e t y  t r i a l s ,  the  moisture balance i s  n o t  studied, and on l y  r a i n f a l l  du r i ng  

the  season i s  recorded. Because r a i n f a l l  i s  one o f  t h e  major f a c t o r s  determin ing 

p lan t -ava i l ab le  moisture,@ may be replaced by the t o t a l  seasonal r a i n f a l l  (R) 

i n  t h e  y i e l d  equation. Obviously, t h i s  i s  a r a t h e r  rude approximation, bu t  

F igure  4 shows t h a t  f o r  t h e  cond i t ions  o f  those experiments, t h e  approximation 

i s  acceptable. On the o t h e r  hand, i n  the  experiments repo r ted  by Matar (1981). 

p lan t -ava i l ab le  moisture cou ld  n o t  be replaced by  seasonal r a i n f a l l  because o f  

the  v a r i a b i l i t y  i n  so i  1 cond i t ions  (slope, depth, texture,  bu lk  dens i ty )  between 

f i e l d s .  

The water-use e f f i c i e n c y  o f  a crop (WUE) may be def ined as the  p a r t f a l  

d e r i v a t i v e  o f  the  y i e l d  func t i on  w i t h  regard t o  a v a i l a b l e  moisture: 

3 f WUE = - 

o r  w i t h  regard t o  r a i n f a l l :  



where WUE i s  i n  kg/ha per mn o f  avai lable moisture, o r  r a i n f a l l .  .The factors 

t h a t  determine WUE f o r  barley crops i n  ra in fed agr icul ture,  have been discussed 

recent ly (Cooper, i n  press). 

The nitrogen-use e f f i c i ency  o f  a  crop (NUE) may be defined as: 

a f 
NUE = 

A rr 

and the phosphorus-use e f f i c i ency  by : 

3 f 
PUE = 

a P 

I n  f e r t i l i z e r  experiments, p l an t  avai lable ni t rogen i s  made up o f  avai lable 

ni t rogen i n  the s o i l  (Ns) and ni t rogen applied as f e r t i l i z e r  (Nf). Simi lar ly,  

p lant-avai lable phosphorus i s  made up o f  Ps and Pf. I n  order t o  t e s t  the 

e f f i c iency  of f e r t i l i z e r  application, i t  i s  useful t o  define f e r t i l i ze r -use  

ef f ic ienc ies:  

NFE = J f 
a ~f 

where NFE denotes the ni t rogen fe r t i l i ze r -use  ef f ic iency,  and: 

PFE = a f 
A ~f 

where PFE denotes the phosphorus fe r t i l i ze r -use  e f f i c i ency  ( k g g r a i n o r  dry 

matter per kg o f  nu t r ien t  applied). Fer t i l i ze r -use  e f f i c i enc ies  usual ly decrease 

w i th  increasing leve l  o f  s o i l  nu t r ien ts  and wi th  increasing leve l  o f  f e r t i l i z e r  

appl i ed. 



I n  f e r t i l i z e r  t r i a l s ,  n u t r i e n t s  are app l i ed  i n  d i s c r e t e  quan t i t i es .  

e.g.. NO, N1,. . f o r  n i t rogen,  and Po, Pi. . . f o r  phosphorus. For  such1 t r i a l s 5  

f e r t i l i z e r - u s e  e f f i c i e n c i e s  a r e  u s u a l l y  ca l cu la ted  from t h e  approximate 

equat ions : 

AY 
NFE = -- 

AN 

f o r  n i t rogen,  and: 

PFE = A Y 

A P  

f o r  phosphorus, where AY denotes the d i f f e r e n c e  i n  y i e l d  between two f e r t i -  

l i z e r  treatments, and AN o r  AP the d i f f e rence  i n  n u t r i e n t s  appl ied.  

Usua l l y  the  lower 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  i s  taken as zero, and only .  

one n u t r i e n t  i s  var ied  between treatments. Hence, f o r  n i t r o g e n  : 

Y(Ni ,PI) - Y(NO,Pl) 
NFE = 

N1 - No 

and f o r  phosphorus: 

Y(N1.Pj) - Y(N~.Po) 
PFE = 

p1 - Po 

I t i s  important  t o  no te  t h a t  f e r t i l i z e r - u s e  e f f i c i e n c i e s  depend on the  l e v e l s  

o f  s o i l  n u t r i e n t s ,  on t h e  l e v e l  o f  f e r t i l i z e r  appl ied, and on the l e v e l s  o f  

o the r  n u t r i e n t s  app l ied .  



4. Regression models f o r  y i e l d  ana lys is  

The y i e l d  func t ions  presented i n  the  previous sec t ion  are n o t  very 

s u i t a b l e  f o r  the  ana lys is  o f  the  r e s u l t s  o f  f e r t i l i z e r  t r i a l s ,  because the  

func t i ona l  re la t i onsh ips  between t h e  re levan t  var iab les  a re  usua l l y  n o t  known. 

Instead, the  resr t l t s  o f  f e t - t i l i z e r  t r i a l s  may be analyzed by means o f  regres- 

s i o n  ana lys is  o f  y i e l d s  on one o r  nmre v a r i  ahles. 

To t h i s  end, i t  may be assumed t.hat the  y i e l d  func t i on  can be approxi-  

mated by the  product o f  fu r lc t ionsof  t.he i n d i v i d u a l  va r iab les :  

As a  f u r t h e r  s i m p l i f i c a t i o n  i t  may be assumed t h a t  f ( x i )  can be approximated 

by a  power se r ies :  

where an denotes a  c o e f f i c i e n t ,  and x i  a  va r iab le  i n  the  y i e l d  equation. 

Hence, the  y i e l d  equation can be w r i t t e n  i n  the  approximate form: 

I n  regression analys is ,  the  summation i s  u s u a l l y  l i m i t e d  t o  n= l  ( l i n e a r )  o r  

n=2 (quadra t ic ) .  The l i n e a r  approximation wor~ ld  thus become: 

P lant -ava i lab le  n i t rogen  (N) may bed is t ingu ished i n  s o i l - n i t r o g e n  (Ns) and 

f e r t i l i z e r - n i t r o g e n  (Nf) :  



s i m i l a r l y  f o r  p lan t -ava i l ab le  phosphorus: 

such t h a t  the  l i n e a r  approximation o f  the  y i e l d  func t i on  may be w r i t t e n  as: 

f(R,N,P) = (a0 * a1 R) (bo + b l l  Ns + b l 2  Nf) (co + ell Ps + c l 2  Pf) 

Hence, even a  simple 1  i n e a r  approximation o f  the  y i e l d  funct ion,  a l ready 

r e s u l t s  i n  a  regression equat ion w i t h  18 terms, whereas the  quadra t i c  approxi -  

mation r e s u l t s  i n  regression equat ion w i t h  108 terms. Obviously, there i s  a  

l i m i t  t o  what a  computer can handle,and the re fo re  the  quadra t ic  equat ion i s  

u s u a l l y  s i m p l i f i e d  i n  t h a t  on l y  l i n e a r  i n t e r a c t i o n s  between n u t r i e n t s  are 

considered, t h a t i s , o n l y  terms o f  the  form NsNf, NSPS, NSPf, e t c .  This  would 

r e s u l t  i n  a  mod i f ied  quadra t ic  regression equat ion w i t h  45 terms. 

A simple l i n e a r  regression model was used t o  s tudy the e f f e c t  o f  a p p l i -  

ca t i on  o f  n i t rogen  f e r t i l i z e r  (Nf) and phosphorus f e r t i l i z e r  (Pf) on g r a i n  

y i e l d  o f  cerea l  crops ( G Y ) .  Experimental s i t e s  were charac ter ized by seasonal 

r a i n f a l l  (R), n i t r a t e - n i t r o g e n  i n  the  s o i l ,  down t o  1.20 m depth (NS), and 

Olsen-extractable phosphorus i n  the  0-20 cm l a y e r  o f  the  s o i l s  (P,). 

The square o f  the mu1 t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  (R2), adjusted f o r  degrees 

o f  freedom, was used as a  measure f o r  the  explanatory power o f  the regression 

equations. Regression analyses were c a r r i e d  ou t  a t  the  Harry S. Da r l i ng  

Computer Center a t  Tel Hadya, us ing a  computer program c a l l e d  CRISP. 

The t r i a l s  analyzed, were unrep l ica ted  NxP t r i a l s  w i t h  5 N l e v e l s  and 

5 P l e v e l s .  Hence, 25 g r a i n  y i e l d s  were obta ined f o r  each l oca t i on .  The 

r e s u l t s  f o r  17 l o c a t i o n  i n  Sy r ia  (82-83 season) may be summarized as fo l l ows  

( I = i n t e r c e p t ) :  



R a i n f a l l  had the  most s i g n i f i c a n t  e f f e c t  on g r a i n  y i e l d ,  fo l lowed by s o i l  

n i t r o g e n  and s o i l  phosphorus. A modi f ied  quadra t ic  model cou ld  exp la in  

80-50% o f  t h e  v a r i a t i o n  i n  g r a i n  y i e l d s  across l oca t i ons  (Hamsen and 

Anderson, i n  prep. ) . 

Regression equat ions o f  the  type presented here, cou ld  be usefu l  i n  

t h e  i n t e r p r e t a t i o n  o f  the  r e s ~ r l t s  o f  f e r t i l i z e r  experiments, and as a  basis  

f o r  f e r t i l i z e r  recormnendations. I t  has t o  be emphasized, however, t h a t  

equat ions o f  t h i s  type would on l y  app ly  t o  s i t u a t i o n s  where s o i l  cond i t ions  

and crop management do n o t  d i f f e r  s i g n i f i c a n t l y  between loca t ions ,  and where 

f a c t o r s  such as weeds, pests and diseases are  n o t  l i m i t i n g  y i e l d s .  

5. SNP t r i a l s  

Seed r a t e  x n i t rogen  x  phosphorus (SNP) t r i a l s ,  have been conducted 

du r ing  3  seasons (1979-1982) a t  5 s i t e s  i n  Aleppo Province: J ind i ress ,  K a f r  

Antoon, Tel Hadya, Breda, and Khanasser. The r e s u l t s  o f  these t r i a l s  have 

been repor ted  f o r  each season i n d i v i d u a l l y  (ICARDA 1981a, 19Blb, 1982). 

One o f  the  ob jec t i ves  o f  these t r i a l s  was t o  r e l a t e  t h e  p r o d u c t i v i t y  o f  Beecher 

b a r l e y  t o  s o i l  and c l i m a t i c  condi t ions,  as a  bas is  f o r  t h e  genera l i za t i on  o f  

the  r e s u l t s  o f  these t r i a l s .  The r e s u l t s  o f  an ana lys is  o f  . y i e ld  responses 

o f  Beecher ba r ley  t o  app l i ed  n i t r o g e n  and phosphor~~s,  across s i t e s  and seasons, 

have been presented r e c e n t l y  (Harmsen e t  al . ,  i n  press).  The r e s u l t s  o f  the  

ana lys is  o f  var iance o f  a  number o f  se lec ted  treatments i n  t h e  t . r ia ls ,  showed 

t n a t  s i t e  was the  f a c t o r  which had the  most s i g n i f i c a n t  e f f e c t  on y i e l d ,  fo l lowed 

by ni trogen, year, and phosphorus. The s i t e  x  yea r  and s i t e  x N i n t e r a c t i o n s  

were a l so  h i g h l y  s i g n i f i c a n t  (0.1%). 

During the  1982/03 season, t h e  SNP- t r ia ls  were replaced by  f a c t o r i a l  

t r i a l s  ( 2 5 - t r i a l s ) ,  i n  which 5 fac tors  (n i t rogen,  phosphorus, weed cont ro l ,  

v a r i e t y  and seed r a t e )  were considered a t  two l eve l s .  The responses t o  phosphorus 

f e r t i l i z e r s  dur ing  3  years o f  SNP- t r ia ls  and 1  yea r  o f  25 t r i a l s  a re  summarized 

i n  Table 1. The parameters l i s t e d  i n  Table 1  i n c l v d e  t h e  g ra in  y i e l d s  i n  p l o t s  



! 
t h a t  rece ived no phosphorus, GYo, and t h e  phosphorus - fe r t i l i ze r  e f f i c i g n c i e s ,  

PFE, i n  k g  g r a i n l k g  P205. Because o f  changes i n  the  design o f  the  t r i a l s  i n  

the  course o f  4 years, i t  was n o t  poss ib le  t o  be e n t i r e l y  cons is ten t  i h  the  

presenta t ion  o f  the  r e s u l t s .  The g r a i n  y i e l d s  i n  u n f e r t i l i z e d  p l o t s  r e f e r  

t o  Po=O kg P2051ha and N1.20 ( res idua l  t r i a l s )  t o  60 kg Nlha. The phosphorus- 

- f e r t i l i z e r  e f f i c i e n c i e s  r e f e r  t o  Po=O and P1=45-60 kg P205/ha, a t  Nl=?O t o  

60 k g  Nlha. 

The data i n  Table 1 i l l u s t r a t e  the  order  o f  magnitude o f  the  responses 

t o  phosphorus f e r t i l i z e r  a t  s i t e s  w i t h  d i f f e r e n t  r a i n f a l l  cond i t ions  i n  Aleppo 

Province. The d i r e c t  response t o  phosphorus a p p l i c a t i o n  was p o s i t i v e  a t  a l l  

s i t e s ,  and averaged 4.3 kg o f  g r a i n l k g  P205 appl ied, f o r  4 s i t e s  and 4 seasons. 

A t  J ind i ress ,  Ka f r  Antoon and Breda, the PFE tended t o  decrease w i t h  increas ing  

GYo ( b l i t s c h e r l i c h  behaviour),  suggesting t h a t  phosphorus was indeed the  major 

f a c t o r  l i m i t i n g  y i e l d s ,  i n  p l o t s  t h a t  received n i t rogen  f e r t i l i z e r .  The f l u c -  

t ua t i ons  i n  GYo between seasons r e f l e c t  v a r i a t i o n  i n  c l i m a t i c  condi t ions.  

A t  the w e t t e r  s i t es ,  K a f r  Antoon and J ind i ress ,  the  y i e l d s  i n  t h e  1982/83 

season were lower, b u t  the PFE h igher  than i n  previous seasons (Cooper e f f e c t ) .  

The res idua l  e f f e c t s  o f  phosphorus i n  the  f i r s t  season ( a l l  s i t e s )  and 

the  secondseason (Breda and Khanasser) f o l l o w i n g  the  a p p l i c a t i o n  o f  phosphorus, 

were genera l l y  p o s i t i v e .  Dur ing the 1980/81 season the  d i r e c t  response t o  

phosphorus f e r t i l i z e r  (4.8 kg gra in /kg  P205), averaged over 4 s i t es ,  was i n  

f a c t  s l i g n t l y  lower than the res idua l  response (5.3 kg gra in /kg  P2O5). 

Averaged over 2 seasons and 4 s i t e s  the d i r e c t  response was s l i g h t l y  h ighe r  

(4.3)  than the  res idua l  response (3.0 kg P205/ha). Although the  data i n  

Table 1 are approximative, they  c l e a r l y  show t h a t  phosphorus was a s i g n i f i c a n t  

f a c t o r  i n  determin ing y i e l d s  under the cond i t ions  o f  the  experiments. 

The data i n  Table 2 a l s o  show the  dec l ine  i n  y ie lds ,  observed aq  a l l  

s i t e s ,  i f  b a r l e y  crops were grown cont inuously .  This i s  f u r t h e r  i l l u s t r a t e d  

i n  F igure 5, which shows t h a t  b a r l e y  y i e l d s  a t  Breda and Khanasser decl ined 

q u i t e  s teep ly  i n  the  second o r  t h i r d  year  o f  continuous ba r ley .  



6. On-farm t r i a l s  (farmer-managed t r i a l s )  

The s i g n i f i c a n c e  o f  phosphorus as a f a c t o r  a f f e c t i n g  b a r l e y  y i e l d s  

under experimental  condi t ions,  was f a i r l y  we l l  es tab l ished i n  1981, a f t e r  

two seasons o f  SNP-tr ials.  Under farmer 's  condi t ions,  however, poor s tand 

establ ishment,  weeds, unfavourable s o i l  condi t ions,  and o the r  f a c t o r s  may 

a f f e c t  y i e l d s ,  and the re fo re  i t  was decided t o  s t a r t  a new se r ies  o f  expe r i -  

ments, a t  t h e  farmer 's  l e v e l  o f  management. S t a r t i n g  i n  the  1981182 season, 

simple agronomy t r i a l s  have been conducted i n  f a r m e r ' s f i e l d s  near Breda and 

Khanasser, i n  which 2 f a c t o r s  were considered: v a r i e t y  (Beecher ba r ley  and 

Arabic Aswad) and phosphorus f e r t i l i z e r  ( 0  and 50-60 kg P205/ha). The 

o b j e c t i v e s o f  these t r i a l s  wereto (1) compare the  performance o f  Beecher b a r l e y  

and Arabic Aswad under experimental  cond i t ions  and under farmer 's  management, 

and (2)  compare the  responses t o  phosphorus f e r t i l i z e r  under experimental 

and farmer 's  cond i t i ons .  

The r e s u l t s  o f  two years o f  on-farm t r i a l s  a re  summarized i n  Table 2. 

I t  can be seen t h a t  the  phosphorus f e r t i l i z e r  use e f f i c i e n c i e s  f o r  Beecher 

barley, averaged over  two seasons, compared w e l l  w i t h  the  mean values f o r  

Beecher b a r l e y  a t  Breda and Khanasser experimental  s i t e s  (1981-83), l i s t e d  

i n  Table 1 : 7.5 and 7.3 a t  Breda, and 2.7 and 3.1 kg g r a i n l k g  P2O5 a t  Khanasser, 

f o r  fa rmer 's  f i e l d s  and experimental  s i t e s ,  respec t i ve l y .  This  i s  f u r t h e r  

i l l u s t r a t e d  i n  F igure  6, where y i e l d s  i n  f e r t i l i z e d  p l o t s  (GYP) are  p l o t t e d  

aga ins t  y i e l d s  i n  u n f e r t i l i z e d  p l o t s  (GY,). The broken l i n e  represent  the  

r e l a t i o n s h i p :  

t h a t  i s ,  no response t o  phosphorus f e r t i l i z e r .  It can be seen t h a t  i n  on l y  

4 o u t  o f  28 farmer 's  f i e l d s ,  y i e l d s  i n  f e r t i l i z e d  p l o t s  seemed t o  be lower  

than y i e l d s  i n  u n f e r t i l i z e d  p l o t s .  I n  a l l  o t h e r  f i e l d s ,  f e r t i l i z e d  y i e l d s  

were h igher .  The s o l i d  l i n e  i n  F igure  6 represents t h e  l i n e a r  regression 

curve o f  GYP on GYo: 



Hence, the  e f f e c t  o f  phosphorus a p p l i c a t i o n  tended t o  increase w i t h  h iehe r  

y i e l d s ,  suggesting t h a t  the  lowest y i e l d s  were l i m i t e d  by f a c t o r s  o the r  than 

phosphorus. I t can f u r t h e r  be seen from F igure  6 t h a t  g r a i n  y i e l d s  at: Breda 

and Khanasser experimental s i t e s , i n  t h e  81/82 and 82/83 seasons ( la rge ,  s ta rs )  

were i n  the  same range as y i e l d s  i n  farmer 's  f i e l d s ,  whereas y i e l d s  a t  the  

experimental s i t e s  i n  t h e  preceding two seasons tended t o  be h igher  (smal l  

s ta rs ) ,  probably due t o  more favourable c l i m a t i c  cond i t ions .  

I t  may be concluded t h a t  phosphorus increased y i e l d s  o f  ba r ley l c rops  

s i g n i f i c a n t l y  dur ing  t h e  81/82 and 82/83 growing seasons, and t h a t  r e s u l t s  

obta ined a t  experimental s i t e s  and i n  fa rmer 's  f i e l d s  were i n  c lose  agreement. 
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Table I. Grain yields i n  unfer t i l i zed  plots (t /ha) and phosphorus-fertilizer 

cff icicncies (kg grainlkg PzO5) i n  SNP-trials and 25 t r i a l s .  

a w l  'i*USJ (,l;ls/,+) ' i d 1  ,+I +++I J- - 1 J9.+f 
5 2 r~4;;j SNP r2L.i; d ( P205 @/ s=k" 6)  &j+zLJI 

I I Direct Response I 1st y r  rerld.  2nd yr resid. 
S i  te Seasim I 

PFE 

4 3 9  1 'GWI 
Jindiress 1979/80 i 2.99 3.2 ' 

i 
I 

1980/81 i 3.58 1.8 1.66 4.2 

, 1981/82 / 2.97 3.5 1.38 -0.2 
i 1982183 

I 





Figure I. Average gra in  y ie lds  for  rainfed bar ley  i n  Syria. for the period 

1968-1981 (MAAR. 1977 and 1980; FA0 Production Yearbook. Vo1. 35. 

Issl.  FAO. Rnmc). 
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Figure 2 .  Average graln yields of rainfed barley i n  Syria p lot ted  agai*st 

estimated seasonal r a i n f a l l  i n  the barley producing area of Syria. 
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Figure 4 .  Grain yields of  cereal crops grown under rainfed conditions jat 

24 locations in  Syrla ( va r i e ty  ve r i f i ca t ion  t r i a l s .  1982/83). 

p lot ted  against ert1r;lated seasonal r a i n f a l l .  
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Figure 6 .  Grail1 y i e l d s  o f  h a r l e y  i n  f e r t i l i z e d  p l o t s  (GYP) i n  farmer's 

f i e l d 5  (dots )  and a t  Breda and Khanasser experimental s i t e s  

( s t a r s )  p l o t t e d  against  g r a i n  y i e l d s  i n  u n f e r t i l i z e d  p l o t s  

(GYo). 
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EFFECT OF PHOSPHATE FERTILIZER ON ROOT GROWTH 
OF BARLEY AND ITS EFFECT ON MOISTURE EXTRACTION 

Introduce ion 

Phosphate applications to barley are known to modify both shoot 

and root growth. However, it is only comparatively recently that 

experiments have determined that the root growth is directly modified 

by the concentration of phosphorus rather than simply reflecting the 

overall growth and phosphate status of the shoot. Studies with barley 

(Hackett, 1968)'' and semi-arid grasses (Christie, 1 9 7 5 ~ ~ '  show that, 

in young plants, the principal effect of increasing phosphate supply is 

to increase the length of the primary lateral roots and to increase the 

number and length of nodal roots. Ploreover, in both studies there were 

significant interactions between varieties and phosphate nutrition. 

Where phosphate is supplied to roots in localized hands rather 

than mixed uniformly throughout the rooting medium (as occurred in the 

previous experiments cited ahove), localized modifications to roots occur 

and, in particular, the number and length of lateral roots is increased 

(Drew and Salter, 1978)~'. Phosphate, then, whether uniformly or unevenly 

distributed, increases the o~~crall size of root systems largely by 

increasing the length and numbers of the lateral roots. 

In all of these studies, though, the plants were kept well supplied 

with water. In dryland regions, water supply is clearly restricted and 

a number of questions is raised: 



- Does adding phosphate fertilizer increase the size of the root 
system of crops or are the results cited earlier appropriate 
only to young plants grown in well-watered conditions? 

- Does application of fertilizers change the amount of water 
extracted and the pattern of water use? 

- Is there any evidence that different varieties respond differ- 
ently to applications of fertilizer? 

This paper presents results from experiments conducted during the 

last two years at sites in N.W. Syria. On the basis of the results, some 

preliminary answers are offered to the questions asked above. 

Sites, Crops and Methods 

Details of the soils., sites and methods are given by Gregory 
51 et al. (1984) . 

For both the 1981/82 and 1982183 growing seasons, barley was sown 

at Jindiress (mean rainfall 475 mm; actual Nov-May 324 nun and 344 mm 

respectively) and Breda (mean rainfall 275 mm; actual Nov-May 319 mm and 

254 mm respectively). 

In 1981, Beecher barley was sown in mid-November at both sites. 

Three fertilizer treatments were studied: zero fertilizer (Z), 60 kg 

p20s/ha (P), and 60 kg p2os/ha with 60 kg N/ha (NP). Phosphate (triple 

superphosphate) was drilled with the seed together with 20 kg N/ha (as 

amnium nitrate) where appropriate; the remaining N was top-dressed in 

mid-March. 

In 1982, Beecher and Arabic Abiad varieties of barley were sown 

either with zero fertilizer (2) or N and P fertilizer. At Jindiress. 

60 kg P205 and 60 kg N per ha was applied at sowing with an additional 

40 kg N/ha as a spring top-dressing. At Breda, 60 kg P205 and 20 kg N 

per ha was applied at sowing followed by a 20 kg N/ha top-dressing in 

the spring. 



Water use by the crops was monitored with a combination of the 

neutron probe and gravimetric sampling in the surface layers. Shoot 

growth was measured regularly by destructive sampling and root growth 

was measured twice in 1982 (early stem elongation and anthesis) and 

thricein 1983 (as 1982 plus maturity). Disturbed cores of soil in 

15 cm increments were obtained using a hand-operated Jarratt auger 

sampling with one edge of the auger touching the row position. Roots 

were washed from the soil and separated from other organic debris. 

Length was estimated by counting interactions with a 1 cm grid (Tennant, 

1975)~' before drying at 70°C and weighing. 

Results and Discussion 

Table 1 compares the effects of fertilizer on the total length 

of roots produced at the two sites in the two years. The following 

points emerge: 

(a) Additions of fertilizer have consistently increased the 

total length of the root system. 

(b) Insufficient treatments exist to distinguish satisfactorily 

the separate effects of N and P alone. In 1981182 the 

addition of P alone increased total length significantly 

(P < 0.1) at the first sampling and adding N produced no 
further growth r~hereas at anthesis, P alone had no significant 

effect but the addition of N produced longer root systems 

(P < 0.01). Given the apparent change in effects of N and P 

with time, it is impossible to state whether the effects 

observed in 1982183 were due to N or to P. 



(c) Although root length was influenced only slightly by site 

in 1981/82 (when rainfall was similar at both sites), in 

1982183 root length at Jindiress was consistently longer 

than that at Breda. 

(d) At Breda, there was little root growth between anthesis and 

maturity. At Jindiress there was growth where fertilizer 

was applied and this occurred throughout the soil profile 

but particularly in the upper 30 cm. 

The effect of fertilizer on the distribution of roots within the 

soil profile is shown in figures 1 and 2. The following points emerge: 

(a) In both years, the depth of rooting at Jindiress was some 

15-30 cm deeper than at Breda corresponding to the slightly 

deeper wetting of the soil profile. 

(b) Fertilizer applications generally increased root length to a 

depth of 45-60 cm; below 60 cm, there was little or no effect 

of fertilizer. 

(c) There were differences between sites in the distribution of 

roots with a marked accumulation of roots in the surface 

0-15 cm at Breda . This was most pronounced in 198t182 when 

about 75 X of the root length at Breda was located in the top 

15 cm of soil irrespective of treatment. Even in 1982183 

52 % of root length was in the surface 15 cm at Breda dompared 

with 33 X at Jindiress. 

Table 1 and Figure 3 together show that while the total mean root 

length produced by the two varieties was similar between anthesis and 

maturity, its distribution was different. Arabic Abiad generally bad a 

lower root length in the surface layer and more roots below 30 cm than 

Beecher. 



2. Water extraction --------------- 
Table 2 shows that in 1981/82, fertilizer had little effect on 

the total amoi~nt of water used but in 1982183, application of fertilizer 

consistently incrcascd the total amount of water used (a mean increase 

of 6 2). Arabic Ahind also consistently used more water than Beecher. 

Figrues 4 and 5 show the profiles of water recharge and water use 

measured in the two years. In 1981182 water recharge was restricted to 

about 1 m at both sites but more rain at Jindiress in 1982/83 allowed 

re-wetting to 1.8 m; fertilizer had little effect on the depth of re- 

wetting or on the depth of subsequent water extraction. 

These profiles of water use together with the root distributions 

allow the comparison of the amounts of water extracted with the quantity 

of roots present. Figure 6 shows the comparison obtained for the two 

sites and seasons; fertilizer treatments are not identified separately. 

The following points emerge: 

(a) Although there is a good deal of scatter in the points, the 

relation is generally asymptotic with no clear distinction 

between sites or seasons. 

(b) At root densities greater than about 1.2 cm/cm3, increasing 

root length has no effect on the amount of water extracted; 

all of the water stored in the soil is availableto the roots. 

(c) At root densities less than about 1.2 cm/cm3, the amount of 

water extracted is related to the root density. 



3. Growth and Water Use -------------- 
Other papers at this workshop and elsewhere (e.g. Cooper. 1983) 6/ 

show that crop growth and ultimately grain yield are related to the 

quantity of water transpired. Figure 6 suggests that any practice that 

increases root densities in the range 0-1.2 cm/cms should increase the 

amount of extractable water. 

In 198 1/82, although root densities were increased by application 

of fertilizer there was no corresponding increase in the amount of vater 

extracted. However, in 1982183, root densities were increased as was 

the amount of water extracted (Table 3). Table 3 also shows that Arabic 

Abiad, which had a greater root length at depth, than Beecher, also 

extracted more water than Beecher. 

Table 4 shows the shoot dry matter and grain yields achieved by 

the crops in both years. Clearly yields are higher at Jindiress than at 

Breda and are generally higher where fertilizer is applied. Applying 

fertilizer may change the balance between evaporation and transpiration 

(e.g. Cooper, 1983)~' or increase the total quantity of water used or 

both. 

Conclusions 

On the basis of the experimental work conducted during the last 

two years, the following tentative answers are offered to the questions 

posed in the introduction. 

(a) Applications of fertilizer do increase the overall size of 

the root system particularly in the upper 60 cm. The results 

show here do not enable separation of the independent effects 



(b) Fertilizer had no effect on the total amount of water 

extracted in one year and only a small effect (26 nun at 

Jindiress and 10 m at Rreda) in the second year. The 

pattern nf water use may be affected by fertilizer 

partic~tlarly if root length in the range 0-1.2 cm/cm' is 

increased. 

(c) Root growth and shoot growth of different varieties may 

respond differenctly to the applications of fertilizer but 

these effects are small in comparison with the main effects 

of site and fertilizer. 
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Table 2. Effects of site and fertilizer on total seasonal water use 
by barley. Evapotranspiration (mm). . . . . . . . . . . . . . . .  

. .  . .1981/82.  . . . . . . .  . . . . 1 9 8 2 / 8 3 . . . .  
Site Treatment 

. Beeeher. . . . .  .Beerher . . . .  Ar9bi.c Abiad 

JINDIRESS 2 323 333 344 

P 308 - - 

BREDA - Z 225 227 236 

P 227 - - 

T l t  YTY 

- - 
TVT Yo7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r n  TTV TTO a- a-4 *- - - Y TV aLr. 

TLY T f -  TTT ear + eLi,9 



Tahle 3 .  Extractable s o i l  moisture tinder harley a t  two locations i n  N .  Syria. 
1982/83. (cm/15 cm depth interval) .  

$13 Depth ,~.pt- .JIbmIRESS 6.:- BREDA 
+I Interval 

( I-) (em) R+ no AA Ao n+ Rn A+ Ao 

I Prof i le  
&,dl ,+aa TOTAL 16-96 15.57 19.37 16.95 8.27 6 .67  8.33 8.13 



. . . . . . . .  . . . . . . . . . . . . . .  

Table 4. Effects o f .  f er t i l i zer .  on. yields.  : .Dry.+ight. (tlha) . . . .  

, .1981/82.  . . .  1982/83 

Site Treatment . . .Beecher  Arabic. Abiad 
Shoot Grain 

we ight  w e i g h t .  . Shoot Grain Shoot i Grain 

JINDIRESS Z 4.35 1.44 6.61 3.05 5.99 3.17 

P 4.56 1.49 - - - - 

L . S . D .  (5%) 0.63 0.26 1.79 0.81 1.79 0.81 

BREDA - Z 3.89 1.32 2.01 0.90 3.24 1.67 

P 5.70 2.17 - - - - 
NP 6.18 2.22 3.40 1.49 3.66 1.58 

L.S.D.  (5%) 1.01 0.41 0.69 0.37 0.69 0.37 



Figurc - 1 .  Ef fects  of fertilizer on the  growth o f  roots  1981/82. 
Anthcsis res11l:s. 
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Figure 2. Effects of fertilizer on the growth of roots 1982183. 
The results are the means of anthesis and maturity 
measurements of two varieties. 
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Figure 3. Varietal differences in the growth of root systems. 
The results are the means of anthesis and maturity 
measurements of crops with and without fertilizer. 
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Figure 4 .  Changes i n  water content beneath barley crops 1981182. Masurewdts  
a t  ( 1 )  sowing. ( 2 )  maximum recharge. and (3)  maturity. 
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Figure 5. Changes in water content beneath crop. of barely 1982183. 

Weasurcments at ( 1 )  swing. (2) m a x i u ~  recharge. and (3) maturity. 
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Figure 6. Relation between water extracted and root length. 
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THE EFFECT OF FERTILIZER ON WATER USE 

AND HATER USE EFFICIENCY OF BARLEY IN 

DRYLAND REGIONS 

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

Other papers presented i n  t h i s  workshop have shown t h a t  i n  many 

dry land ba r ley  growing areas, d e f f i c i e n c i e s  o f  s o i l  n i t rogen  and 

phosphorus occur which can g r e a t l y  reduce g r a i n  and straw y i e l d s .  As 

a  r e s u l t  o f  these de f f i c i enc ies ,  pronounced and economic responses t o  

f e r t i l i z e r ,  e s p e c i a l l y  phosphate a re  o f t e n  observed, even a t  q u i t e  low 

l e v e l s  o f  app l ica t ion .  

However, i t  i s  a l s o  c l e a r  t h a t  i n  the  very  regions t h a t  bar1e.y 

i s  grown, r a i n f a l l  t o t a l s  and seasonal distribution show marked year 

t o  year v a r i a t i o n .  It i s  a l s o  apparent t h a t  i n  such areas, farmers, 

being we l l  aware o f  t h i s  va r ia t i on ,  a r c  very carrtious about adopting 

a  management p r a c t i c e  which they f e e l  might f u r t h e r  add t o  the  

i n s t a b i l i t y  o f  t h e i r  crop product ion systems. 

Therefore, i n  l ook ing  a t  t he  p o t e n t i a l  f o r  f e r t i l i z e r  use on 

ba r ley  i n  such areas, some important  quest ions need t o  be answered: 

- Does the  increased dry  mat ter  and g r a i n  y i e l d  product ion 
r e s u l t i n g  from f e r t i l i z e r  a p p l i c a t i o n  r e s u l t  i n  g rea te r  
m o i s t ~ ~ r e  use? 

- How does enhanced growth r e s u l t i n g  from f e r t i l i z e r  appl i c a t i o n  
a f f e c t  the  p a t t e r n  o f  moisture ~ ~ s e ?  



- How does f e r t i l i z e r  appl icat ion affect the water use e f f i c iency  
(WUE) o f  the bar ley crop i n  terms o f  kg-dry matter (o r  y i e l d )  
produced per m i l l imet re  o f  crop evapotranspiration? 

- Does f e r t i l i z e r  appl icat ion l'ncrease o r  decrease the chances o f  
crop f a i l u r e  i n  very dry years? 

Some resu l ts  are presented from barley/moisture use t r i a l s  conducted 

over the l a s t  three years a t  two t yp i ca l  bar ley growing areas i n  N.W. 

Syria. I n  the fo l lowing sections, these resu l ts  are examined and discussed, 

and based on these resu l ts ,  ten ta t i ve  answers t o  these questions are offered. 

Results and Discussions 

1. Yields, water use and water use e f f i c i ency  data f o r  bar ley (var ie ty  

Beecher) are presented i n  Table 1. These resu l ts  i l l u s t r a t e  the 

e f f e c t  o f  f e r t i l i z e r  appl icat ion a t  two locat ions i n  N.W. Syria over 

the l a s t  three years. I n  a l l  t r i a l s  the bar ley was grown i n  a barley/ 

fa1 1 ow ro ta t i on  which predominates i n  N.W. Syria. The fo l lowing 

po in ts  are c lear:  

(a) F e r t i l i z e r  has produced la rge  increases i n  t o t a l  dry  matter 
(between 1060 and 3700 kg/ha) and gra in  y i e l d  (between 540 and 

960 kg/ha) a t  both locat ions i n  a l l  three years. 

(b) I n  sp i t e  o f  t h i s  enhanced crop production, t o t a l  crop evapo- 

t ransp i ra t ion  (ET) has no t  been increased. 

( c )  Water use e f f i c i ency  o f  the crop has been increased d ra rh t i ca l l y  

i n  a l l  instances. These increases range from 35 t o  10451, w i th  

a mean value o f  71%. 



Table 1 Yield (kglha), water use (nun) and water use efficiency of barley (variety Beecher) grown with and 
without fertilizer - 1/ at two locations in N. Syria over three years. 

I/ Fertilizer Application: 1980/81 90 kg/ha P205 and N - 
1931/82 GO kg/ha ?,05 and N 
1982/83 GO kg/ha P,Os and 20 kg/ha N 
Triple Super Phosphate sad honiuin Nitrat2 Fertilizer were used. 

Seasonal Rainfall (mm) : 

Tot31 Dry Ratter 
Production (kg/ha) 

Grain Yield (kg/ha) 

Evapotranspiration 
G~rm. - saturity 
(mm) 

Water Use Efficiency 
of Total Dry Matter 
kg/ha/mm 

% Increase in W.U.E. 

8 R E D A 

1980/81 
299 

I 
I Plus No I 

Fertilizer 1 F?r.til iz?r 

K H A N A S 
1980/81 
251 

No j Plus 
Fert. : Fwt. 

(35"55'N, 37"10°E) 
1981182 
324 

No j Plus 
Fert. I Fert. 

2 

S E R (35"45'N, 
1!?81/82 
263 

I 
?LO 1 Plus 
Fsrt. I Fert. 

I 
I 
I 

3840 1 7540 
I 

I 
I 

1620 : 2580 
I 

I 
I 

I I 
234 225 

I I 
I 

I 
I 

I I 
15.4 1 33.5 

I I 
I 

104. 

1982/83 
284 

No i Plus 
Fert. Fert. 

I 
I 

3100 j 4920 
I 

I 

1350 j 2200 
I 

I 
I 
I 

229 1 221 
I I 
I 

I 
I 
I 

13.5 j 22.5 
I I 
I 

6 7 

37"32'E) 
1982/83 
296 

No i Plus 
Fwt. I Fert. 

I 
I 

4540 j 6130 
I 

----------------------------------4------------------4-------------d-------.-----J-------------J-------------d------ 
I 

1320 i 2220 
I 

----------------------------------4------------------4-------------4-------------J-------------J-------------d------ 
I 
I 
I 

231 i 231 
I I 
I 

----------------------------------A------------------d-------------d-------------J-------------J-------------J------ 
I 
I 

I I 
19.7 1 25.5 

I I 
I 

----- - - - - - - - - - - - - - - - - - . - - - - - - - - - - - -A----- - - - - - - - - - - - - -d---- - - - - - - - - -d---- - - - - - - - - -J---- - - - - - - - - -J---- - - - - - - - - -J---- - -  

35 

I 
I 

1233 1 2330 
I 

I 

3 i 5 ;  917 
I 

I 
I 

t I 
213 1 210 

I I 
I 

I 
I 

I I 
5.3 1 11.3 

I I 
I 

8 1 

I 

2010 j 3400 
I I 
I 

900 i 1490 
I 

I 
I 
I 

224 j 235 
I I 
I 

I 
I 
I 

9.0 j 14.5 
I I 
I 

61 
d 

I 

1530 j 2660 
I 

I 

730 j 1270 
I 

I 
I 

I I 
242 1 238 

I I 
I 

I 
I 
I 

6.3 11.2 
I I 
I 

7 7 



2. F e r t i l i z e r  appl icat ion does not  a f f e c t  the t o t a l  crop evapo- 

t ranspirat ion,  bu t  does a l t e r  the seasonal pattern o f  moisture 

use. This i s  i l l u s t r a t e d  i n  Figure 1 f o r  two seasons a t  Breda, 

1980/81* and 1982/83, which received s im i la r  r a i n f a l l  to ta ls ,  

bu t  contrasted i n  t h e i r  length o f  growing season. The fol lowing 

points are c lear:  

(a) During the ear ly  growth period, from between 50-80 days, 

depending on the r a i n f a l l  d i s t r i b u t i o n  and temperature, when 

green area index i s  small, f e r t i l i z e r  has no effect on crop 

evapotranspiration. 

(b)  As green area index increases, and f e r t i l i z e r  e f fec ts  become 

more pronounced, higher rates o f  ET are observed i n  f e r t i l i z e d  

crops than i n  the control. This e f f e c t  pers is ts  u n t i l  anthesis. 

I n  the post anthesis period, t h i s  e f f e c t  i s  reversed, and the 

u n f e r t i l  ized control  crop maintains higher rates o f  ET. 

( c )  F e r t i l i z e r  has considerably enhanced the r a t e  o f  crop develop- 
ment. This e f f e c t  i s  due t o  phosphate f e r t i l i z e r .  Nitrogen 

f e r t i l i z e r  has, i n  anything, the opposite e f fect ,  and tends t o  

delay maturity. 

The patterns i n  Figure 1 are presented on a calendar basis. How- 
ever, since phosphate f e r t i l i z e r  increases the ra te  o f  crop 

development, a c learer  p ic tu re  i s  obtained i f  crop evapotranspiration 

i s  re la ted  t o  pa r t i cu la r  development stages. This i s  simply 

* Note: The resu l ts  presented i n  sections 2 and 3 f o r  1980/81 a t  Breda ; are from a d i f f e r e n t  t r i a l  on bar ley water use t o  t ha t  r e p r t e d  I 

i n  Table 1. I n  t h i s  t r i a l ,  the f e r t i l i z e r  bar ley received 60 1 kg/ha o f  P2O5 and N as opposed t o  90 kg/ha. 



Figure 1 -- Seasonal v a r i a t i o n  i n  d a i l y  ra tes  o f  evapotranspirat ion 
o f  ba r ley  ( v a r i e t y  Beecher) w i t h  ( - - - )  and wi thout  (.. .) 
f e r t i l i z e r  a t  Breda, N.W. Syria. 
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i l l u s t r a t e d  i n  Table 2 f o r  the  two se ts  o f  data i n  F igure  1. by 

consider ing the  per iods germinat ion t o  anthesis, and anthesiis t o  

phys io log ica l  ma tu r i t y .  

Examination o f  these data i n d i c a t e  t h a t  moisture use by b a r l e y  

dur ing  g iven phys io log ica l  per iods i s  n o t  g r e a t l y  a f f e c t e d  by 

f e r t i l i z e r  app l i ca t i on ,  and t h a t  mean d a i l y  ra tes  o f  ET dur ing  

these per iods a re  very s i m i l a r  f o r  f e r t i l i z e d  and con t ro l  t r e a t -  

ments i n  a g iven year, There i s  a t rend  i n  these, and o the r  

r e s u l t s  n o t  repor ted  here, f o r  moisture use dur ing  the  per iod  

anthesis t o  ma tu r i t y  t o  be increased by f e r t i l i z e r  app l i ca t i on .  

During t h i s  period, b a r l e y  crops are l a r g e l y  su rv i v ing  on moisture 

s t o r e d i n  t h e  p r o f i l e ,  and i t  has been showed t h a t  f e r t i l i z e r  

a p p l i c a t i o n  increases r o o t  l eng th  dens i t i es  o f  bar ley,  and hence 

i t s  a b i l i t y  t o  e x t r a c t  s o i l  moisture. 

3. It i s  important  t o  consider  how i t  i s  poss ib le  t o  achieve these 

l a r g e  increases i n  product ion w i thout  corresponding increases i n  

ET as i nd i ca ted  i n  Table 1 and Table 2. 

Crop evapot ransp i ra t ion  (ET) cons is ts  of two components, crop 

t r a n s p i r a t i o n  (T) and evaporat ion f rom the s o i l  sur face under the  

crop (ESC) thus: 

1/ Recently (Cooper e t  al, 1983)- a simple technique has been developed 

which enables us t o  s p l i t  measured crop evapot ransp i ra t ion  i n t o  i t s  

two components u t i l i z i n g  f i e l d  measurements o f  ET, crop green area 

index (GAI), and evaporat idn f rom an uncropped bare s o i l  adjacent t o  

11 Cooper, P.J.M., J.D. Keatinge and G .  Hughes (1983). Crop evapotrans- - 
. .. . .. . . 

p i  r a t i o n  7 a technique fo,r..calcul.ation a f  i t s  components by f i e l d  
measurements. Fie1:dCrops Research 7, 299-312. . .  

. , 



Table 2 Crop evapotranspiration during two development stages (variety Beecher) with and without added 
fertilizer at Breda, N.W. Syria, 1980/81 and 1982183. 

Year: 

Development Period : 

Treatment: 
- ~- 

Days post germination 

ET (mean daily rate) 
mm/day 

1982/83 

Germ. - Anthesis Anthesis - Mat. 
Barley + Barley o Barley t Barley o 

0 - 153 0 - 162 153- 178 162 - 183 
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t he  t r i a l  area (ES).  This technique has been tes ted on data 

obtained f rom a b a r l e y  f e r t i l i z e r  t r i a l  a t  Breda i n  1980/81 

(see Figure 1 and Table 21, and the  r e s u l t s  a re  presented i n  

F igure 2 which i l l u s t r a t e s  the  f o l l o w i n g  po in ts :  

(a)  T values a re  very low dur ing  the  e a r l y  w in te r  pr iod,  

r e f l e c t i n g  the  low G A I  o f  t h e  crop. During t h i s  pe r iod  

ESC accounts f o r  nea r l y  100% o f  ET. 

(b)  I n  spr ing  as GAI increase, T values increase and reach 

maximum values j u s t  be fore  anthesis. Due t o  shading o f  

the  s o i l  surface by the  crop, ESC values f a l l  corres-  

pondingly. 

( c )  T values reach h igher l e v e l s  i n  the  f e r t i l i z e d  crop (2.0 

mm/day) than i n  the  u n f e r t i l i z e d  c o n t r o l  (1.7 mmlday), 

r e f l e c t i n g  the  d i f f e r e n t  GAI's. 

(d )  I n  the  post  anthesis period, as s o i l  moisture reserves a r e  

depleted, and G A I  values f a l l  due t o  l e a f  senescence, T 

values f a l l  and reach zero a t  phys io log ica l  ma tu r i t y .  During 

t h i s  per iod,  ESC values increase. It should be noted t h a t  

i n  t h i s  year, t he  s o i l  surface under the  crop was rewet ted 

by a t y p i c a l  l a t e  ra ins ,  thus dur ing  a more normal year such 

a pronounced increase i n  ESC would not  be expected. 



It i s  c l e a r  f rom F igu re  2  t h a t  al though f e r t i l i z e r  has had l i t t l e  

e f f e c t  on Tota l  ET, i t  has n o t  on l y  a l t e r e d  the  p a t t e r n  o f  seasonal 

v a r i a t i o n  i n  ET, b u t  has a l s o  changed the  r e l a t i v e  amounts o f  ET 

l o s t  as T and ESC. Sumnation o f  t he  d a i l y  r a t e s  o f  T and ESC 

i n d i c a t e  t h a t  i n  the  con t ro l  p l o t ,  w i t h  a t o t a l  ET o f  220 mm, 137 mm 
(62%) was l o s t  as ESC whereas on ly  83 mm (38%) was used i n  t rans-  

p i r a t i o n .  However, i n  the  f e r t i l i z e d  p lo ts ,  w i t h  a  t o t a l  E,. o f  

216 mm, 108 mm (50%) was a c t i v e l y  used i n  t ransp i ra t i on .  

Such d e t a i l e d  analyses has n o t  been conducted f o r  a l l  our bar ley /  

moisture use t r i a l s ,  b u t  approximate ca l cu la t i ons  can be made f o r  

the  data i n  Table 1 based on the  assumption o f  a  seasonal t rans-  
1 / p i  r a t i o n  e f f i c i e n c y  (TE) value o f  44 kg/ha/mm.- Such ca lcu la t i ons  

i n d i c a t e  t h a t  as much as 76% o f  ET can be used as T  f o r  h igh  

y i e l d i n g  ba r ley  crops (7540 kg/ha T.D.M.) whereas as l i t t l e  as 

14% i s  used f o r  very poor crops (1330 kg/ha T.D.M.). As would be 

expected, there  a re  c l e a r  r e l a t i o n s h i p s  between the  % ET used as T 

and the crop y i e l d ,  and a l s o  w i t h  the  maximum G A I  achieved by the  

crop. These a re  i l l u s t r a t e d  i n  F igure 3. 

Conclusions 

Based on t h i s  summary presenta t ion  o f  th ree yea rs '  s tud ies  on water 

use by ba r ley  crops i n  d r y  areas, the  fo l lowing conclusions can be made 

i n  answer t o  the  quest ions posed i n  the  i n t roduc t ion .  

1/ Derived from combined r e s u l t s  .of .Cooper e t  a1 . , 1983 and those o f  - 
Fischer, R.A., 1981 i n  P lan t  & So i l ,  58, 249-278. 



Figure 2. Seasonal var ia t ion  i n  rates o f  Eo. T and ESC f o r  

bar ley  a t  Breda with (---I and without (...) added 

f e r t i l  i z e r ,  1980/81. (Arrows indicate date o f  

anthesis.) 
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(a) The greater crop production resulting from fertilizer application 
does not result in increased total evapotranspiration (ET)  but 
has significant effects on the relative amounts of water lost 

through soil evaporation ( E S C )  and crop transpiration (T ) .  

(b) Phosphate fertilizer enhances the rate of crop development, and 
thus also affects the pattern of crop evapotranspiration when 

expressed on a calendar basis. However, when specific develop- 
mental periods are considered, fertilizer has only small effect 
on moisture use. Fertilized crops do tend to use more moisture 
during grain filling, and this is probably due to the ability of 

a more prolific root systems to extract moisture from the drying 
soil moisture profile. 

( c )  As a result of this negligible effect on total evapotranspiration, 
t 

coupled with increased dry matter production, dramatic increases 
in WUE are achieved, both for total dry matter production and for 
grain yield. 

(d) A very dry year has not yet been experienced. However, these 

results indicate that, because of the enhanced rate of development 
resulting from phosphate fertilizer, coupled with the greater dry 
matter production at the cost of no extra moisture use, in dry 
years the use of phosphate fertilizer is unlikely to increase the 
chance of crop failure. Indeed, it may even have the opposite 

effect. For instance, in a barley trial during the 1982/83 
season at Ghrerife, near Breda, (230 mm of rainfall), the 
application of 45 kg/ha P205 and 20 kg/ha N increased the grain 
yield of Beecher barley by 60% from 840 to 1340 kg/ha. 
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I. Introduction 

The Seed rate - Nitrogen - Phosphorus (SNP) trials were held at 
FSPIICARDA during the three cropping seasons between 1979180 and 1981182, 

as part of the UNDP funded Soil, Water and ~utrient (SWAN) project. The 

trials were held at the five sites of Jindiress, Kafr Antoon, Tel Hadya, 

Breda and Khanasser. These sites are located across the rainfall transect 

and lie within a radius of 100 km. 

This study uses the set of data from the SNP trials that pertain 

to drilled Beecher barley (with weed control). This data set is sr~pplemented 

by data related to drilled Beecher barley (with weed control) from the 2" 

trials conducted by FSP in 1982183 in Breda, Khanasser and Ghrerife. The 

complete data set consists of 880 observations. The distribution of 

observations at each location and year, as well as the total cropping season 

rainfall is given in Table 1. 

The SNP trials have been analysed for each location and year.(Somel 

1983a). This study attempts to analyse the results in a combined manner with 

the objective of analysing how the responses to the experimental factors 

change with climatic conditions. 

11. The Analysis 

The SNP trials sites were chosen in order to observe the effects of 

different levels of rainfall. However, the sites differ in other aspects 

as well. As can be expected, the distribution of rainfall during the cropping 

season, other climatic factors, soils, available nutrient levels, etc. also 

differ between the locations. Furthermore, some of these factors, mainly 

the climate related ones, change between seasons too. 



Table 1. Rainfall (m) at the trial sites. 

Long Term Sites 1979180 1980i81 1981182 1982183 

Khanasser 29 1 246 263 295 214 

n 102 32 34 8 

Breda 

n 

Tel Hadya 

n 

Kafr Antoon 452 467 397 - 438 

n 110 32 34 

Jindiress 488 472 350 - 479 

n 102 32 34 

Ghrerif e - - - 232 - 
n 8 

Source: FSP Files. 

Notes : n indicates the number of observations. 

The experimental factors in the SNP trials were: 

S : Seed rate, kg/ha, 

N : Nitrogen fertilizer, in kg of pure Nlha 

P : Phosphorus fertilizer, in kg of pure P205/ha. 

The standard season and location specific analysis would rdate 

the experimental variables to an independent variable, for example, 

Y = grain yields, in kg/ha. 



This relationship is specified in a quadratic form with interactions: 

Can we now systematically and quantitatively analyse the effects of 

an environmental factor on the responses to the experimental factors? In 

other words, how do the responses change between locations and seasons as 

climatic conditions change? 

In order to answer this question, we conducted a combined analysis of 

the whole data set and included total cropping season rainfall as a variable. 

R = cropping season rainfall, mm. 

It is clear that while we do this, we are abstracting from the effects 

of other factors such as soils, availahle nutrients, other climatic factors, 

etc. This does not mean we deny their effects. As a first exercise, Tie 

hypothesized rainfall to be the climatic factor that changes responses between 

locations and seasons. This can be improved upon with further information on 

other factors. However, it will be ohserved that rainfall is a powerful 

variable. In any case, the whole exercise can be viewed from a methodological 

perspective and critically evaluated with respect to its potential application 

under other circumstances. 

The specification of the regression implies that the responses to the 

experimental factors change with the level of rainfall: 



The relationship is specified in the third order for rainfall 

because this specification fits the observations at the lower range of 

rainfall better. In any case, the predictions of the regression should 

be constrained to the 225-490 mm range of rainfall. As with any other 

regression, the reliability of the predictions decreases as we move away 

from the means of the independent variables. The estimated regression is 

as follows: 

- 0.0004 RSN + 0.0005 RSP- 0.0002 RNP 
( 2 1  %) (12 I )  

The significances of the coefficients are indicated as a = I % ,  b = 5%, c -10%. 

In some other cases, the significance level of some coefficients are given in 

actual percentages in parentheses. 



One can observe how responses to experimental factors will change 

with rainfall by looking at the partial derivatives of the estimated 

regression. Let us look at the .cases of nitrogen and phosphorus. 

In order to facilitate analysis, we have taken the seed rate as 

100 kglha, a rate approximately equal to the average seed rate used by 

farmers. 

1. (a) The response to nitrogen is given by: 

The value of this response will depend on the values of N, P and R. 

However, the response will be positive within the range of values 

of the experimental factors and observed rainfall levels. 

(b) How the response to nitrogen changes with rainfall is given by: 

This will be positive within the range of the values of the 

experimental factors. In other words, the response to nitrogen 

will increase with rainfall. This is an expected result. For 

example, at N = 35 and P = 60, each m of rainfall will increase 

yields (the response to N) by 5 3  grams. 

2. (a) The response to phosphate is given by: 



Again, the value of this response will depend on the values 

of R, N and P. Within the range of values of the experimental 

factors, the response to P will be positive upto the rainfall level 

of 398 arm. 

(b) How the response to phosphate changes with rainfall is given by: 

In order for the response to phosphate to increase with rainfall, 

phosphate has to be applied at least around 50 kg/ha. For example. 

at N = 35, phosphate has to be applied at rates over 54 kglha. 

111. Probability Analysis and Predicted Response Surfaces 

Another interesting use of the model is to predict response surfaces 

for given rainfall levels. For example, using the example of Breda, which 

has exhibited an average rainfall of 283.6 m (forthe last 19 years for 

which data are available) the predicted response surface is: 

+ 0.037 SN- 0.067 SP+ 0.028 NP 
C 

Using 1983 prices, we can calculate economically optimum fertilizer 

levels with seed rate at 100 kglha. 1 / 

I /  These prices are as follows: - 
Barley grain = 820 SLIton 
Triple Super Phosphate = 1160 SL/ton 
Ammonium Nitrate (33%N)= 955 SL/ton 
These imply relative (to barley grain) prices of pure N = 3.529 and 
pure P205 = 3.075. 



If one makes these fertilizer recommendations based on the economical 

optimum under average rainfall conditions, what would the yields, based on 

these recomendations, be under different rainfall levels? 

In order to answer this question, we use the frequency or probability 

distribution of rainfall. 1.1e use the example of Breda again in Table 2 .  

Table 2 .  Frequency distribution of rainfall and predicted yields for Breda. 

a. Frequency Rainfall 
Predicted Yields (kglha) 

. . (%) (m) N+P+ NOP+ N+PO NOPO 

Averages 283.6 2131 1885 1689 1477 

Notes: a. Source: FSP Files. Does not add up to 100 due to rounding. - 
b. Mid-points of rainfall ranges. 

c. N+ = 35 kglha, P+ = 59 kglha. 
No = Po = 0 kglha. 

d. Assumes that 200 kg/ha is the grain equivalent of grazeable dry 
matter when crop failure occurs. 



In Table 2, we observe that there is a discrete set of rainfall 

levels less than 200 mu with a probability of approximately 20 Z. This 

observation corresponds with farmers' expectations of crop failures in 

at least 20 % of the years. (Somel, 1983b, p. 9). The yield predictions 

of the response surface for Breda are replaced for those cases of rainfall 

less than 200 mu by a yield of 200 kglha. This approximates the grazing 

threshold which is that level of yield below which it would not pay the 

farmer to harvest and the mature crop is allowed to be grazed by sheep. 

(Nordblom, p. 8ff). The figure of 200 kglha is actually below the grazing 

threshold of 235 kg/ha estimated from the results of a barley survey in 

Syria in 1981182. (Mazid and Hallajian, p. 10). 

While the recornendations can not eliminate the crop failures at 

such low levels of rainfall, expenditures on fertilizers will be recovered 

approximately 80 % of the time. 11 

In the particular case of an environment like Breda, losses in poor 

years can be minimized by a risk management type recommendation. This would 

be the recommendation that while phosphate be applied at planting, nitrogen 

can be split-applied or top dressed. Given that farmers are inclined to 

implement recommendations in steps (i.e. by components), such an approach 

would enhance gradual adoption. 21 The final adoption and diffusion process 

would depend on the attitudes of farmers towards risk as well as other social 

and biological factors. 

11 The grain equivalents of recommended input levels are: - 
35 kg Nlha = 124 kg/ha barley 
59 kg PzOs/ha= 180 kglha barley. 

While these appear to be recoverable expenditures, possible diffeaences 
between farmers' yields and scientist controlled experimental yields may 
change results. The testing stage of FSR with on-farm research. 

21 - Adopting the economically optimum fertilizer levels implies a rate of rehrn 
of 215% under average conditions. Adopting phosphate first implies a 227% 
rate of return and following by nitrogen fertilizer implies an additional 
198% rate of return. 



IV. Conclusions 

The combined analysis presented here, can be used in several ways. 

In the present study we illustrated these with the data from the SNP trials: 

a. It is possible to predict response surfaces for different 
environmental conditions. 

b. It is possible to find optimum levels of inputs based on 
average (or any other) conditions. Subsequently, it is 
possible to evaluate how the associated yields will perform 
under different environmental conditions. 

c. If probability distributionsof environmental conditions are 
available, probability distributions of yields for given 
reconanendations of inputs can be obtained. 

Such an analysis will allow a more thorough and efficient assessment 

of response surfaces. Subsequently, in the experimental and testing stages 

of FSR, 2" trials, incorporating optimum levels of inputs contrasted with 

traditional levels, can be used to effectively illustrate the advantages 

of technological developments. 

The approach developed here is considerably less sophisticaed than 

a crop modeling effort. Hence, it does not require the skills necessary for 

crop modeling. Knowledge of standard regression techniques is adequate. 

However, it is highly possible that the approach may tax the memory limits 

of small computer hardware. 

The model is somewhat more complex than estimating simple regressions 

for each site in each year. However, the environmental variation in the 

rainfed areas poses complex problems for agricultural production and research. 

Seeking simple answers to complex problems in complex environments may end up 

producing inadequate solutions. 
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