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I n  1987 our research i s  repor ted  i n  n ine Chapters. Chapter 1 i s  

a  s t r a t e g i c  overview o f  t h e  Program i n  which we d iscuss t h e  

r a t i o n a l e  o f  our research, i t s  f u t u r e  d i r e c t i o n ,  and how i t  i s  

complemented by t r a i n i n g  and i n t e r n a t i o n a l  co-operat i  on. Chapter 2 

r e f l e c t s ,  more than  any other ,  our phi1 osophy of developing new 

technolog ies on farmers '  f i e l d s .  It inc ludes  r epo r t s  on our on-farm 

research a t  Breda, Tah and E l  Bab ( a l l  s i t e s  i n  no r t h  S y r i a )  which 

aim t o  study problems of adopt ing pasture and forages i n  sheep based 

farming systems. The Chapter a lso  inc ludes  on-s ta t ion  research on 

t h e  management o f  pastures and u t i l i z a t i o n  o f  crop residues. 

Chapter 3 looks  s p e c i f i c a l l y  a t  t he  problem o f  seed product ion i n  

pasture p lan ts ,  both i n  annual and n a t i v e  pastures, wh i le  Chapter 4 

i s  devoted t o  gene t i c  improvement o f  pastures and forages. Chapter 

5 discusses b i o l o g i c a l  n i t rogen  f i x a t i o n ,  Chapter 6 y i e l d  dec l i ne  i n  

cereals ,  Chapter 7 t h e  ecology and agronomy o f  pastures, and Chapter 

8 t h e  inc idence of pa ras i tes  i n  Awassi sheep. Chapter 9 b r i e f l y  

descr ibes our t r a i n i n g  program. I n t e rna t i ona l  co-operat ion i s  

presented where appropr ia te  i n  most Chapters. Throughout t h e  Report 

we attempt t o  h i g h l i g h t  our team approach and our comnitment t o  

farming systems research. 

I n  reading Chapter 2 i t  i s  worth cons ider ing t h e  po i n t  t h a t  our 

work on farmers' f i e l d s  i s  a  sens ib le  b lend  o f  bo th  'upstream' and 

'downstream' research. For example t h e  work on medic pastures 

inc ludes  an element o f  'on farm' research which i s  designed t o  t e s t  

and modify an experimental  farming system and t o  develop a 

methodology t o  extend t o  o ther  NARS. Without t h e  he lp  of farmers, 

s c i e n t i s t s  would not rece ive  feed-back which i s  essen t ia l  f o r  t h e  

con t i nua t i on  o f  t h e i r  work. I n  t h e  case o f  forages, t h e  feedback 

has r e s u l t e d  i n  new p l an t  breeding programs ( fo r  c h i c k l i n g )  and t h e  

development o f  new breeding ob jec t i ves .  



Much of t h e  work i n  o the r  Chapters c o u l d  be c l a s s i f i e d  as 

'upstream'.  Fo r  example, Chapter 3 discusses impor tan t  aspects  o f  

t h e  phys io logy of pas tu re  legumes, some o f  which w i l l  l e a d  t o  even 

more b a s i c  research,  h o p e f u l l y  conducted i n  c o l l a b o r a t i o n  w i t h  

advanced i n s t i t u t i o n s .  The work i n  Chapter 6 (as i s  p a r t  o f  

Chapters 3, 4 and 7 )  i s  a r e p o r t  of work conducted by a 

post-graduate s tuden t :  such s tuden ts  a r e  i n c r e a s i n g l y  making an 

impor tan t  c o n t r i b u t i o n  t o  t h e  Program's bas ic  research. The same 

comment a p p l i e s  t o  t r a i n e e s  who were i n v o l v e d  i n  some of our more 

a p p l i e d  work. 

Not a l l  PFLP's a c t i v i t i e s  a r e  r e p o r t e d  here. I n  p a r t i c u l a r  t h e  

work on s e l e c t i n g  new medic c u l t i v a r s  has been omi t ted.  Th is  i s  

because t h e  f i r s t  s tage o f  s e l e c t i o n  w i l l  end i n  1987188: a 

comprehensive d i s c u s s i o n  w i l l  t h e r e f o r e  be i n c l u d e d  i n  next  y e a r s  

Report. Another omiss ion i s  t h e  i n t e r n a t i o n a l  nursery  exper iments 

w i t h  medics: t h i s  p r o j e c t  g o t  o f f  t o  a good s t a r t ,  and r e s u l t s  w i l l  

beg in  t o  appear next  year .  

As i n  prev ious years  t h e  r e p o r t  of each experiment r e f e r s  t o  a 

preschedule number. These preschedules a r e  w r i t t e n  before  t h e  

experiment beg ins  and a r e  t h e  b a s i s  f o r  d i scuss ion  and c r i t i c i s m  a t  

our  September p lann ing  meetings. Taken t o g e t h e r  t h e  Program Report  

and preschedules ( p u b l i s h e d  each November as 'Research and T r a i n i n g  

P l a n s ' )  p rov ide  a complete documentat ion of our  work and t h e  

t h i n k i n g  which goes i n t o  it. 



C l i m a t i c  c o n d i t i o n s  i n  n w t h  S y r i a  d u r i n g  1986187 

The f o l l o w i n g  comments were s u p p l i e d  by Mr Wolfgang Goebel of 

FRMP. 

The season was above average a t  w e t t e r  s i t e s  (e.g. Tel Hadya) 

and below average a t  d r i e r  s i t e s  (Breda, Boueidar) ,  r e s u l t i n g  i n  a 

steeper than  normal r a i n f a l l  g r a d i e n t .  For example J i n d i r e s s  

r e c e i v e d  127% o f  i t s  long- term average, Tel Hadya 108%, Breda 88% 

and an es t ima ted  80% a t  Boueidar. The 3 0 0 m  i sohye t  appeared t o  

mark t h e  boundary between areas o f  above and below r a i n f a l l .  There 

was a1 so a para1 l e l  temperature  g r a d i e n t ,  r e f l e c t e d  i n  t h e  number o f  

f r o s t  days which r o s e  f rom 20 a t  J i n d i r e s s  (average 30) t o  39 a t  Tel 

Hadya (average 37),  47 a t  Breda (average 43),  and 53 a t  Boueidar. 

W i th  t h e  excep t ion  o f  February,  t h e  season was somewhat coo le r  t h a n  

average w i t h  minimum temperatures be ing m i l d e r  a t  t h e  w e t t e r  t h a n  a t  

t h e  d r i e r  s i t e s .  

The season s t a r t e d  e a r l y  w i t h  r a i n s  f a l l i n g  d u r i n g  t h e  f i r s t  

week o f  November a t  most s i t e s .  However, a prolonged s p e l l  o f  d r y  

and c o l d  weather f o l l o w e d  which l a s t e d  u n t i l  18 December. The l o n g  

d r y  s p e l l  f o l l o w i n g  r a i n  i n  November i s  most unusual a t  Aleppo and 

v i r t u a l l y  stopped c rop  growth soon a f t e r  emergence. M i l d e r ,  r a i n y  

weather p r e v a i l e d  f rom mid  December u n t i l  t h e  t h i r d  week o f  

February, broken o n l y  by another d r y  and c o l d  s p e l l  d u r i n g  t h e  

second ha l f  of January. March was c o l d  and wet w i t h  temperatures 
0 

dropp ing below -5 C a t  Boueidar on 21 and 22 March. R a i n f a l l  

stopped a t  a l l  s i t e s  d u r i n g  t h e  second week of A p r i l ,  somewhat 

e a r l i e r  than  usua l ,  but  due t o  c o n t i n u i n g  cool  weather and an 

adequate supply  o f  s o i l  moisture,  c rop  y i e l d s  were not  adverse ly  

a f fec ted  a t  Tel Hadya, i n  c o n t r a s t  t o  t h e  d r i e r  s i t e s  where y i e l d s  

were low. 

Another weather extreme o f  1987 deserves record ing.  On August 7 
0 

t h e  temperature  a t  Tel Hadya reached an a l l - t i m e  h i g h  o f  47.6 C. 



0 
According t o  r e c o r d s  44 C had n o t  been exceeded s ince  weather 

s t a t i o n s  were f i r s t  e s t a b l i s h e d  50 y e a r s  ago. Th is  event p robab ly  

i n f l uenced  t h e  h igher  than  expected r a t e  of breakdown o f  hardseeds 

i n  medics r e p o r t e d  i n  Chapter 3. 

D e f i n i t i o n s  and a b b r e v i a t i o n s  

Throughout t h e  Report  we have t r i e d  t o  use t h e  common names o f  

p lan ts ,  i n d i c a t i n g  t h e  s c i e n t i f i c  name when t h e  spec ies  i s  f i r s t  

discussed. However i t may be h e l p f u l  t o  readers  i f  some o f  t h e  more 

impor tan t  spec ies  a r e  l i s t e d  here, f o r  easy re fe rence :  

vetch - va r ious  species of m, i n c l u d i n g  comnon vetch (V.  - 
m), Narbon vetch (V. - narbonens is) ,  b i t t e r  ve tch  (V, 
e r v i l  i a ) ,  wool l y p o d  vetch (V, v i l l  osa subsp. dasycarpa), and 

h a i r y  vetch (II, v i l l o s a  subsp. v i l l o s a ) .  

ch ick1 i ng - va r ious  spec ies  o f  La thy rus  i n c l u d i n g  common 

c h i c k l i n g  (C, s a t i v u s ) ,  dwarf  c h i c k l i n g  (L. c i c e r a )  and ochrus 

c h i c k l i n g  (L. ochrus).  

fo rage pea - Pisum s a t i  vum 

medics - va r ious  species o f  Medicago: o f  these o n l y  b a r r e l  

medic (M, t r u n c a t u l a ) ,  s n a i l  medic (M. - s c u t e l l a t a ) ,  s t r a n d  

medic (M, l i t t o r a l i s )  and gama medic (M. rugosa)  have w i d e l y  

accepted connnon names. M, p o l  ymorpha, a l though  o f ten  c a l l  ed 

bur medic, i s  r e f e r r e d  t o  by i t s  s c i e n t i f i c  name. A t  present  

we do not  use a  common name f o r  1. r i g i d u l a  o r  M. r o t a t a .  

c l o v e r s  - va r ious  species of T r i f o l  i um, i n c l u d i n g  subterranean 

c l o v e r  (T, subterraneam) and r o s e  c l o v e r  (T. h i r tum) .  

We have a1 so d e f i n e d  a  number o f  commonly-used terms: 



accession - an ecotype as c o l l e c t e d  i n  i t s  n a t i v e  h a b i t a t  and 

used i n  a  breed ing p r o j e c t ,  o r  any o t h e r  sample o f  m a t e r i a l  

brought i n t o  t h e  t e s t i n g  system: no rma l l y  used i n  a s s o c i a t i o n  

w i t h  an accession number. 

c u l t i v a r  - a  group o f  s i m i l a r  genotypes, or  an ecotype used i n  

commercial a g r i c u l t u r e ,  which has r e c e i v e d  o f f i  c ia1  approval .  

forage - t h i s  t e r m  i s  used t o  desc r ibe  monocul tures o f  c e r t a i n  

legumes, namely vetch, forage pea, and c h i c k l i n g ,  o r  m i x t u r e s  

o f  these species w i t h  cerea ls .  I n  general  fo rages a r e  crops 

sown and ha rves ted  i n  t h e  same year  and used f o r  hay, straw, or  

g r a z i  ng. 

herbage - p l a n t  m a t e r i a l .  

herbage y i e l d  - t h e  mass o f  d r y  m a t e r i a l  produced. Th is  t e r m  

rep laces  ' d ry -mat te r  y i e l d ' ,  which i s  o f ten  used elsewhere. 
0  

Dry ing  i s  no rma l l y  a t  80-90 C. 

l e y  f a r m i n g  - i n  Medi ter ranean r e g i o n s  t h e  farming system i n  

which se l f - regenera t ing  pastures a r e  grown i n  r o t a t i o n  w i t h  

ce rea ls .  

marginal l a n d  - l a n d  r e c e i v i n g  200 - 600 mn o f  r a i n  which i s  

t o o  rocky ,  t o o  steep, or  where t h e  s o i l  i s  t o o  sha l l ow  f o r  

c u l t i v a t i o n .  

pasture - a  p l a n t  comnunity which i s  grazed, u s u a l l y  r e f e r r i n g  

t o  a  regenera t ing  p o p u l a t i o n  o f  annual legumes. 

res idues  - herbage which remains on t h e  l a n d  a f t e r  t h e  growing 

season i s  f i n i shed .  



s e l e c t i o n  - r e s u l t i n g  f rom s e l e c t i o n  w i t h i n  an accession 

compris ing more than  one genotype. I n  i t s  numbering system 

ICARDA a l l o c a t e s  both an accession number and, where 

appl i cab1 e, a  s e l e c t i o n  number. 

se l f - regenerat ing pasture - t h e  annual pastures which e s t a b l i s h  

from dormant seeds a f t e r  t h e  cereal phase of a pasturefcereal  

r o t a t i o n .  

- non - i r r i ga ted  l a n d  which rece ives  ( i n  Sy r i a )  l e s s  than  

200 mm of r a i  n f a l l  . 

s t r a i n  - i s  a  general te rm t o  cover accession, se l ec t i on ,  

v a r i e t y  and c u l t i  var. It i s  a1 so used t o  descr ibe a  c u l t u r e  o f  

Rhizobi um o f  d i f f e r e n t  o r i g i n  t o  o ther  cu l tures.  

s t raw - vege ta t i ve  mate r ia l  (main ly  stem p lus l e a f )  obta ined 

from t h e  res idues  o f  ce rea ls  or legumes which i s  removed from 

t h e  f i e l d  and stored. 

s tubble - cereal res idues  remaining i n  t h e  f i e 1  d  a f t e r  harvest.  

v a r i e t y  - we use t h i s  te rm both i n  i t s  bo tan ica l  sense, where 

i t  i s  a  taxonomic u n i t  beneath species, and t o  descr ibe a  group 

o f  genotypes used by farmers i n  a  t r a d i t i o n a l  sense, f o r  

example ' l andraces '  . 
I n  t h e  sect ions on ruminant n u t r i t i o n  t h e  fo l low ing  

abbrev ia t ions  are used: 

ADF - a c i d  detergent  f i b r e  

CP - crude p r o t e i n  

DDMI - i n t ake  o f  d i g e s t i b l e  d ry  mat ter  

DM - d r y  mat te r  

DOMI - i n t a k e  o f  d i g e s t i b l e  o rgan ic  mat ter  



IVDDM - i n  v i t r o  d i g e s t i b l e  d r y  mat ter  

IVDOM - i n  v i t r o  d i g e s t i b l e  o rgan ic  mat ter  
0.75 

MBS - metabol ic  body s i z e  = body mass 

ME - metabol izab le energy 

OM - organic  mat te r  

NDF - neu t ra l  detergent f i b r e  

VFI - vo lun ta ry  feed i n t a k e  

Other abbrev ia t ions  a re  as f o l l ows :  

ACSAD - Arab Centre for Stud ies o f  A r i d  Zones and Dry Areas, 

Damascus 

CSIRO - Commonwealth S c i e n t i f i c  and I n d u s t r i a l  Organizat ion,  

A u s t r a l i a  

C I P  - Cereal Improvement Program, ICARDA 

FLIP - Food Legume Improvement Program, ICARDA 

GRP - Genet ic  Resource Program, ICARDA 

FRMP - Farm Resource Management Program, ICARDA 

JICA - Japanese I n t e rna t i ona l  Co-operation Agency 

MIRCEN - Mic rob io logy  Resources Centres (a network sponsored by 

UNESCO) 

NARS - Nat ional  A g r i c u l t u r a l  Research Systems 

ODNRI - Overseas Development Nat ional  Resources I n s t i t u t e ,  

London 

SMAAR - Sy r i an  M i n i s t r y  o f  A g r i c u l t u r e  and Agra r ian  Reform 

UNDP - Un i ted  Nat ions Development Program 

WANA - West Asia and Nor th  A f r i c a  

I would l i k e  t o  thank t he  s t a f f  o f  PFLP, espec ia l l y  t h e  sen io r  

s c i e n t i s t s  and s tudents  who con t r i bu ted  t o  t h i s  Report. Once again 

I must thank Zeina Ablo, Aida B a t t i k a  and Zukka Musat ta t  who 

prepared t h e  t ypesc r i p t .  F i n a l l y  I express app rec i a t i on  t o  JICA, 

who generously supported much of t h e  research on animal hea l th ,  t h e  

Government of I t a l y  and t he  U n i v e r s i t y  o f  Perugia, who con t inue  t o  

support our work on ~ r g i n a l  land, and UNDP, a  major c o n t r i b u t o r  t o  

our t r a i n i n g  .and workshop a c t i v i t i e s .  - P.S. Cocks 



RESEARCH HIGHLIGHTS 

The response o f  na t i ve  pasture t o  superphosphate has increased 

i n  each of t h r e e  successive years. I n  1986187 it was r e f l e c t e d  i n  

1 i veweights, 1 amb growth ra tes ,  and i n  t h e  amount o f  supplementary 

feeding. The p ropo r t i on  o f  legume i n  t h e  pasture has a l so  

increased, e s p e c i a l l y  a t  h igh  r a t e s  o f  phosphorus. 

The second phase o f  a phased-entry experiment comparing 

wheatlmedi c pasture w i t h  a1 t e r n a t i  ve r o t a t i o n s  was successfu l ly  

estab l ished.  Ewes g raz ing  medic res idues  and cereal  s tubbles 

increased weight throughout surmer , t h e  increase being i n v e r s e l y  

p ropor t iona l  t o  s tock ing ra te .  Wheat y i e l d s  a f t e r  f i r s t  year  medic 

were l e s s  t han  a f t e r  fa l low,  a r e s u l t  which c o n f l i c t e d  w i t h  a 

second, un-grazed experiment where wheat y i e l d s  a f t e r  es tab l i shed  

medic were higher than  a f t e r  fa l l ow.  A s i m i l a r  r o t a t i o n  experiment 

was success fu l l y  es tab l i shed  i n  c o l l a b o r a t i o n  w i t h  SMAAR. 

On-farm research on forage and pasture legumes continued. A f t e r  

s i x  years farmers i n d i c a t e d  t h a t  they  would cont inue t o  use forages 

i n  r o t a t i o n  w i t h  bar ley ,  bu t  o n l y  i f  t hey  could produce t h e i r  own 

seed. Bar ley y i e l d s  a f t e r  forage were equal or b e t t e r  than  a f t e r  

fa l l ow.  Regenerating medic pastures produced up t o  7 t  per ha o f  

herbage and c a r r i e d  an average o f  nea r l y  e i g h t  ewes per ha per year. 

Wheat y i e l d s  a f t e r  medic were b e t t e r  t han  a f t e r  t h e  farmers '  chosen 

a1 t e r n a t i  ves. 

The p a l a t a b i l i t y  of several  pea genotypes was compared w i t h  

common and wool ly-pod vetch. Whi le none of t h e  peas were as 

pa la tab le  as e i t h e r  vetch, some d i f ferences between genotypes were 

detected. 



The nylon-bag technique was used t o  compare t he  n u t r i t i v e  value 

of n ine  ba r l ey  straws, e i g h t  o f  which had been harvested i n  each o f  

successive years. Straw of t h e  v a r i e t y  t r a d i t i o n a l l y  used by 

farmers was t h e  most n u t r i t i o u s ,  conf i rming e a r l i e r  work. Straw 

supplemented w i t h  concentrate was success fu l l y  used as a d i e t  f o r  

l a c t a t i n g  ewes, t h e  rank ing  of s t raw q u a l i t y  o f  f o u r  v a r i e t i e s  

be ing about t h e  same a t  each l e v e l  of concentrate. 

The l oss  o f  1  arge numbers o f  medic f l owers  dur ing pod matu ra t ion  

was confirmed, losses,  even i n  spaced p lan ts ,  vary ing between 10 and 

70%. Species d i f f e r e d  s i g n i f i c a n t l y  i n  t h e i r  a b i l i t y  t o  r e t a i n  

f lowers,  and t he re  was evidence o f  v a r i a t i o n  w i t h i n  species. The 

a b i l i t y  t o  r e t a i n  f l owers  cou ld  be p red ic ted  by a f u n c t i o n  

compris ing pod mass and f lower number per in f lo rescence .  Re ten t ion  

was not improved by a r t i f i c i a l l y  t r i p p i n g  t h e  f lowers,  and was 

cons iderably  worse i n  h i gh  compared w i t h  low dens i t y  swards. Where 

s t r ess  was imposed (by sowing a t  h igh  dens i t y )  y i e l d  was p red ic ted  

by f l ower ing  t ime, ear l y - f l ower ing  genotypes having h ighest  seed 

y i e l d s .  

Small medic and c l ove r  seeds were more l i k e l y  t o  su rv ive  

i nges t i on  by sheep than l a r g e  seeds. T r i f o l i u m  campestre (seed mass 

o f  0.5 mg) surv ived  best,  w i t h  60% o f  seeds appearing i n  faeces. O f  

t h e  medics, t h e  small-seeded M, polymorpha surv ived b e t t e r  than  

large-seeded species such as M, r i g i d u l a  and M, aculeata. 

Stud ies of t h e  seed bank i n  marginal l a n d  revealed t h a t  grasses 

germinated e a r l i e r  and more completely than  legumes. By mid-spr ing, 

before new seeds were formed, t h e  popu la t ion  of grass seeds f e l l  t o  
2 

zero whereas more t han  1000 legume seeds per m remained i n  reserve. 

Germination, though most r a p i d  i n  autumn, cont inued f o r  most o f  t h e  

growing season, ending i n  March. 



Se lec t i on  o f  forage legumes c o n t i  nued. Germplasm o f  Narbon 

vetch, woolly-pod vetch and t h r e e  c h i c k l i n g s  was evaluated i n  

nursery  rows and small p lo ts .  F3 p l a n t s  o f  crosses between 

non-shat ter ing and wel l  adapted common vetches were grown, and F4 

f am i l i e s  w i l l  be d i s t r i b u t e d  t o  i n t e r e s t e d  NARS i n  1988189. 

Screening r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  o f  genotypes r e s i s t a n t  t o  

roo t -kno t  and cys t  nematodes. 

Medics were a l s o  screened for  r es i s t ance  t o  these nematodes. 

Most genotypes were r e s i s t a n t  o r  t o l e r a n t  t o  cys t  nematode, bu t  

s u s c e p t i b i l i t y  t o  roo t -kno t  nematode was widespread. However, 

w i t h i n  bo th  M, r i g i d u l a  and M. r o t a t a ,  r es i s t ance  and lo r  to le rance  

were found. 

Coating seeds w i t h  ca l  c i  um carbonate o r  ve rm i cu l i t e  and us ing 

o rgan ic  adhesives improved t h e  nodul a t i o n  o f  medics. Compatible 

r h i z o b i a  were se lec ted  f o r  some species ( f o r  example M, r i g i d u l a ) ,  

and are being m u l t i p l i e d  f o r  experimental  work. In t roduced r h i z o b i a  

genotypes surv ived  i n  S y r i a  f rom season t o  season. Networks, t o  

t e s t  r h i z o b i a  s t r a i n s  and t h e  need t o  i nocu la te  have been 

es tab l i shed  throughout t h e  ICARDA region. 

A bac te r i a  capable o f  suppressing r o o t  growth o f  wheat seedl ings 

was found i n  s o i l s  growing cont inuous wheat. Whi le not y e t  

es tab l i shed  as one o f  t h e  causal agents o f  cereal y i e l d  dec l ine ,  t h e  

ef fect  o f  t h e  organi sm would e x p l a i n  one o f  t h e  symptoms o f  dec l ine :  

poor emergence and 1 ow seed1 i ng su r v i  val  . 
Establ ishment o f  f i r s t - y e a r  medic pasture was best when seeds 

were sown a t  a depth of 4-7 cm, regard less  o f  t h e  method used. 

Seeds sown shal lower t han  t h i s  were a t  r i s k  o f  dess ica t ion ,  wh i l e  

seeds sown deeper o f t e n  f a i l e d  t o  emerge. 



Dif ferences i n  t h e  phosphate response of f i v e  1 egumes were 

observed. M, r i g i d u l a  and M. r o t a t a  were more responsive than other  

medics and Astragal  us hamosus, t h e  1 a t t e r  not  responding t o  

phsophorus even i n  s o i l  where a v a i l a b l e  phosphorus was l e s s  than  3 

mg per kg. I n  t he  medics, seed product ion was l e s s  responsive t o  

phosphate than  herbage product ion, a l though rank ings remained 

s im i l a r .  

The inc idence o f  gas t ro - i  n t e s t i  nal  and 1 ung paras i tes  i n  Awassi 

sheep were observed i n  v i l l a g e  f l ocks .  Both classes of pa ras i t es  

were present, more than  60% o f  a l l  sheep being i n f e c t e d  w i t h  

gas t ro - i n t es t i na l  paras i tes,  i n  w in te r  and spring. O f  t h e  lungworms 

Cystocaul us, a d i f f i c u l t  t o  con t ro l  parenchyma-dwell i n g  p a r a s i t e  was 

t h e  most comnon. Hydat ids were a l s o  present i n  s laughtered sheep, 

whose lungs were o f t e n  character ized by these and o ther  les ions .  

Mon i to r ing  o f  t h e  f l ocks ,  i nc l ud ing  t h e  r e g u l a r  weighing o f  ewes and 

lambs, and random s laugh te r ing  o f  ewes, w i l l  cont inue f o r  a t  l e a s t  

two more years. 

Near ly  i t  of pasture and forage seed was d i s t r i bu ted .  O f  t h e  

t o t a l ,  more t han  h a l f  was annual medics, espec ia l l y  M, r i g i d u l a  

se lec t i on  716. Most o f  t h e  seed i s  being used f o r  on-farm tes t i ng ,  

a l though a s i g n i f i c a n t  amount was d i s t r i b u t e d  t o  other  i n t e r n a t i o n a l  

organizat ions,  especia l1  y ACSAD. Rhizobia s t r a i n s  se lec ted  a t  

ICARDA were a l so  widely  d i s t r i bu ted .  



UWPTER 1: A STRATEGIC WERVIEM OF PFLP 

The p r i nc i pa l  o b j e c t i v e  o f  PFLP i s  t o  achieve a subs tan t ia l  

increase i n  l i v e s t o c k  product ion i n  west Asia and no r t h  A f r i ca .  

This  i s  an important t a r g e t  as l i v e s t o c k  account fo r  some 30% of 

t o t a l  a g r i c u l t u r a l  revenue and c o n s t i t u t e  t h e  weal th  and pr imary 

source of income t o  farmers i n  t h e  d r i e s t  areas (Table 1 .I). 

Table 1.1. Con t r i bu t i on  of ICARDA comnodit ies t o  human d i e t s  i n  

west Asia and Nor th  A f r i c a  and t h e  p ropo r t i on  o f  t h e  value o f  t o t a l  

a g r i c u l t u r a l  product ion f rom each comnodi ty. 

Commodity group P ro te i  n Cal o r i e  Value 

c o n t r i b u t i o n  c o n t r l  b u t i o n  

% % % 

Cereal s 
(1)  

Food Legu 'PS 4 2 3 

L ivestock 17 5 31 
( 3 )  

Other food comnodit ies 21 34 4 1 

i nc ludes  r i c e  

(') inc ludes  p o u l t r y  

( 3 )  i nc ludes  roo t s ,  tubers, s tarchy foods, vegetables, f r u i t s ,  

o i l seeds  and f i s h .  

Source: CGIAR P r i o r i t i e s  and Future S t ra teg ies ,  FAO, ROM 

(1987). 

However, t he re  i s  an inc reas ing  feed shortage. Feed i s  of two 

major types: mater ia l  unusable by man (crop res idues and na tu ra l  

vegetat ion) and cereal g ra ins  which are, o f  course, a l so  human food. 



Livestock can convert weeds, s tubble,  straw and other crop residues 

i n t o  foods r i c h  i n  amino acids,  vitami ns, and minerals which balance 

human cereal-based d i e t s .  Yet t he re  i s  a growing shortage of crop 

residues,  and of plant material produced by t h e  increasingly 

degraded rangeland. There i s  a1 so  an increasing shortage of coarse 

grains:  t o  feed t h e  490 mill ion small ruminants expected by the  year 

2000 an extra 35 mill ion tonnes of barley will be needed, a t a rge t  

impossible t o  meet from increased y i e lds  which would have t o  

increase from averages of 800 t o  2600 kg/ha. The provision of 

improved pastures and more e f f i c i e n t  production systems will 

therefore  have a major impact on animal productivity. 

This impact can be grea tes t  i n  two important agroecological 

zones: a rable  land i n  t h e  cereal zone where several advances, 

i ncl udi ng the  rep1 acement of unproductive fa1 1 ow with pasture and 

forage legumes, can g rea t ly  improve t h e  output from sheep and goats; 

and communally owned marginal land within and adjacent t o  t h e  cereal 

zone which i s  used exclusively fo r  small ruminants and which 

current ly  has an output well below t h a t  possible with ava i lab le  

r a i  nfal l  . 
The Program i s  committed t o  t h e  development of s t ab l e  farming 

systems. Productivi ty must be augmented a t  low cos t ,  avoiding 

i r r i g a t i o n  or t h e  extensive use of f e r t i l i z e r s ,  employing superior 

ro t a t ions  and methods of managing l ives tock ,  using legumes in  a rable  

and marginal land,  and improving methods of animal husbandry and 

nu t r i t i on .  To t h i s  end t h e  work of t h e  Program has been structured 

i n t o  four main areas:  (1) t h e  use of annual pastures and forages t o  

replace fallow, (2 )  breeding of pasture and forage spec ies ,  ( 3 )  
marginal -land improvement, and (4)  1 i vestock management and 

nut r i t ion .  These have in  common an emphasis on t h e  use of legumes, 

which a r e  seen as  t h e  key t o  e f f i c i e n t  in tegra t ion  of l ives tock  with 

cereal s .  



This Chapter g ives a s t ra teg i c  overview o f  PFLP. It begins w i t h  

a b r i e f  h i s t o r i c a l  background and goes on t o  discuss t h e  Program's 

a c t i v i t i e s  since i t s  formation i n  1983, f i n a l l y  look ing  a t  i t s  

f u t u r e  s t ra teg ies  i n  research, t r a i n i n g ,  and i n te rna t i ona l  

co-operation. While t ak ing  i n t o  account t he  CGIAR p r i o r i t y  review, 

t h e  consu l ta t ion  w i t h  NARS a t  Viterbo, inpu ts  by NARS and other 

ICARDA s c i e n t i s t s  a t  planning meetings, and the  ideas presented i n  

t he  ICARDA s t r a t e g i c  plan, i t i s  p r i m a r i l y  a consensus o f  t h e  ideas 

o f  PFLP senior s ta f f .  

I n  t he  t e x t  t h e  term 'pasture '  describes sel f -perpetuat ing p lan t  

populat ions which a re  grazed, wh i le  ' forage'  describes annual1 y 

re-sown crops which are harvested and f e d  as hay, g ra in  o r  straw. 

Acronyms are def i ned on page 11. 

H i  staical perspective 

From i t s  incept ion  ICARDA r e a l i z e d  t h a t  t he  key t o  increasing 

l i ves tock  product ion i s  t he  prov is ion  o f  more feed. By 1980 the  

predecessor o f  PFLP, t h e  Pasture and Forage Improvement Program 

(PFIP), had evaluated some 16,500 legume and grass accessions f o r  

t h i s  purpose, w i t h  emphasis on vetches, peas, and medics. By 1983 

PFIP had i d e n t i f i e d  Medi cago r i g i d u l a  as a pasture legume adapted t o  

northern Syr ia,  al though p r i o r i t y  was being g iven t o  t h e  se lec t ion  

and agronomy o f  forage legumes. 

ICARDA was reviewed i n  1983 and the  EPR expressed concern a t  t he  

l a c k  o f  a systems approach i n  PFIP and recomnended l i n k i n g  i t s  

research w i th  t h a t  on grazing animals, a l l o c a t i n g  more resources t o  

t h e  re juvenat ion o f  marginal land, c loser  co l labora t ion  w i t h  

b i l a t e r a l  p ro jec ts  and nat ional  a g r i c u l t u r a l  research systems 

(NARS) , and the  appointment o f  a graz ing management spec ia l i s t ,  



m i c r o b i o l  og i  s t ,  pas tu re  e c o l o g i s t ,  and economi s t .  It a1 so suggested 

more i nvol vement i n  n o r t h  A f r i c a ,  an exami n a t i o n  o f  t h e  p o t e n t i  a1 o f  

l o c a l  Awassi sheep, screen ing them f o r  e x t e r n a l  and i n t e r n a l  

p a r a s i t e s ,  and t h e  t e s t i n g  o f  l o c a l  ly -deve loped g e n e t i c a l l y  improved 

sheep ( f o r  d e t a i l s  see Appendix 1). 

As p a r t  o f  t h e  response t o  these  recommendations t h e  Pasture ,  

Forage and L i v e s t o c k  Program (PFLP) was formed by merging PFIP w i t h  

t h e  L i ves tock  U n i t ,  l o c a t e d ,  a t  t h a t  t i m e ,  i n  t h e  Farming Systems 

Program (now FRMP). 

Activities since 1983 

The EPR s t i m u l a t e d  s i g n i f i c a n t  changes i n  t h e  research  s t r a t e g y  

f o l l o w i n g  t h e  f o r m a t i o n  o f  t h e  new Program. S y r i a  was t h e  obv ious 

' t e s t b e d '  f o r  new research,  and s t rong  l i n k s  were developed w i t h  

farmers  and t h e  S y r i a n  ARS. Because c rop  and l i v e s t o c k  p roduc t ion  

a r e  i n t e g r a t e d ,  a  s t rong  systems approach was used, and economists 

were i n v o l v e d  i n  t h e  des ign and i n t e r p r e t a t i o n  o f  experiments. 

T r a i n i n g  was i n t e g r a t e d  w i t h  research  and NARS o b j e c t i v e s  t o  

f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  and t r a n s f e r  o f  r e s u l t s  t o  farmers.  

Pub1 i c a t i o n  o f  r e s u l t s  assumed g r e a t e r  importance. 

P r i o r i t y  went t o  replacement o f  f a l l o w  w i t h  pas tu re  legumes, an 

i d e a l  cand idate  f o r  research.  There a r e  more t h a n  30 m i l l i o n  ha o f  

f a l l  ow i n  WANA: a  1  ow i n p u t  method o f  growing feed on f a l l  ow would 

g rea t1  y inc rease  1  i vestock and s u s t a i n  o r  i nc rease  cerea l  

product ion.  Ley farming (replacement o f  f a l l o w  w i t h  

se l  f - regenera t i  ng 1  egume pas tu res ) ,  o r i g i n a l  1  y devel oped i n  

A u s t r a l i a ,  o f f e r e d  s i g n i f i c a n t  b e n e f i t s  i f  c e r t a i n  t e c h n i c a l  and 

socio-economi c  problems were so l  ved. 

These were: t h e  l a c k  o f  adapted pas tu re  c u l t i v a r s ,  l a c k  o f  

economic eva lua t ion ,  poor nodu la t i on ,  i n a p p r o p r i a t e  t i l l a g e  



machinery, i n su f f i c i en t  on-farm research,  and lack of seed. Our 
work has now resolved many of these  cons t ra in ts  such t h a t ,  i n  Syr ia ,  

t h e r e  i s  now a demand for  seed which cannot be met. S c i e n t i f i c  

pub1 i c a t i  ons, seminars, and ICARDA's t r a in ing  programs have 

stimulated i n t e r e s t  i n  Morocco, Algeria, and other countr ies .  

Following t h e  1983 EPR, resources a l loca ted  fo r  research on 

annually re-sown forage crops t o  rep1 ace fa1 1 ow were reduced and t h e  

emphasis was changed. Genetical work on cereal forages was stopped 

while a l l  agronomic work was t r ans fe r r ed  t o  FRMP. However, breeding 

and se lec t ion  of forage legumes continued with t h e  focus on 

se lec t ion  of non-shatteri ng seed pods i n  common vetch, 
iden t i f i ca t ion  of res i s tance  t o  Orobanche, diseases and nematodes, 

and se lec t ion  for  seed and straw i n  preference t o  hay. 

PFLP's approach t o  the question of marginal land was t o  define 

t h e  bi 01 ogi cal and environmental resources,  develop 1 ow input 

methods of increasing productivi ty,  and determine the  cons t ra in ts  

faced by farmers i n  adopting new prac t ices .  I t  was a long-term 

approach, j u s t i f i e d  by t h e  huge areas of marginal land,  and t h e  need 

for  sound1 y-based development . I t  has been successful insofar  t h a t  

stocking r a t e s  have doubled on experimental f i e l d s  a s  a r e s u l t  of 

small appl ica t ions  of superphosphate. T h u s  t h e  work prior  t o  1983, 

confined t o  t h e  t e s t i n g  of exot ic  pasture species,  has been widened 

t o  t e s t  grazing systems. 

Cereal straw and grazed stubble a r e  such important components of 

animal feed in  WANA t h a t  straw often approaches grain in economic 

value and an estimated 50 mil l ion tonnes a r e  produced, mostly from 

landraces of wheat and barley. In col laborat ion with t h e  Cereal 

Program and the  ODNRI i t  was decided t o  l imi t  our work t o  genet ic  

aspects  of straw qua l i t y  as  most farmers cannot afford chemical 

straw improvement, and supplementaticn with protein cannot 

completely compensate for  low quali ty.  Our r e s u l t s  so f a r  indica te  

t h a t  qual i ty  does not appear t o  be associated with grain y ie ld .  



P r e l i m i n a r y  work was conducted on t h e  inc idence  and s e v e r i t y  o f  

g a s t r o - i n t e s t i  nal p a r a s i t e s  i n  Awassi sheep. The work, suppor ted by 

a  consu l tan t  f rom JICA, has shown t h a t  1  ungworms may cause se r ious  

economic l osses  i n  commercial f l o c k s .  

S ince 1983 t h e r e  have been 42 r e s i d e n t i a l ,  14 long-term, 42 

shor t - term,  and s i x  pos t  graduate  t r a i n e e s .  The numbers r e f l e c t  a  

po l  i c y  o f  mai n t a i  n i  ng h i g h  qua1 i ty ,  w i t h  emphasis on c l o s e  con tac t  

between ICARDA s c i e n t i s t s  and t r a i n e e s .  Indeed t r a i n i n g  i s  c l o s e l y  

l i n k e d  w i t h  research  t o  f a c i l i t a t e  t h e  teach ing  o f  research  

met hod01 og i  es. T h i s  has been espec ia l1  y  impor tan t  du r ing  

development o f  t h e  systems approach where i t  was necessary t h a t  

research  be concent ra ted i n  Syr ia .  

For t h i s  reason t r a i n i n g  has a l s o  been t h e  key t o  i n t e r n a t i o n a l  

co-operat ion.  However, s ince  1986, more ex tens ive  co-operat ion,  

i n v o l v i n g  t h e  t e s t i n g  of pas tu re  species and t h e  estab l ishment  o f  

' need- to - inocu la te '  networks, has r e s u l t e d  i n  expansion t o  s i x  

c o u n t r i e s  beyond Sy r ia ,  cu lm ina t ing  i n  1987 w i t h  appointment o f  a  

pas tu re  and fo rage  s c i e n t i s t  i n  Morocco. 

Future ac t iv i t ies  

Research 

It i s  most i m p o r t a n t  t h a t  PFLP conso l i da tes  i t s  a c t i v i t i e s  on 

improv ing and u t i l i z i n g  feed  suppl ies .  H igh p r i o r i t y  w i l l  con t inue  

t o  be g i v e n  t o  replacement o f  f a l l o w  w i t h  pas tu re  and f o r a g e  crops 

and r e j u v e n a t i o n  o f  marginal  land. But t h e r e  a r e  compel l ing  reasons 

t o  s t rengthen t h e  research  on ruminant  n u t r i t i o n  and n o n - n u t r i t i o n a l  

c o n s t r a i n t s  t o  t h e  e f f i c i e n t  u t i l i z a t i o n  o f  f e e d s t u f f s .  



Table 1.2 shows t h e  a l l o c a t i o n  o f  p r i o r i t i e s  i n  a mat r ix  

comprising four  feeding systems and f i v e  d isc ip l ines .  P a r t i c u l a r l y  

f o r  t he  d i sc ip l i nes ,  t h e  headings embrace many a c t i v i t i e s ,  an 

i n d i c a t i o n  o f  which i s  given beneath t h e  Table. The percentage o f  

resources a1 1 ocated t o  each system and d i  s c i  p l  i ne are a1 so ind ica ted  

i n  t h e  Table. 

Annual pastures w i l l  continue t o  rece ive  p r i o r i t y  over forage 

legumes because using pastures i n  r o t a t i o n s  i s  a r a d i c a l l y  new 

approach t o  increasing feed suppl ies a t  low cost. NARS have l i t t l e  

Table 1.2. Projected pr io r i t i es  across feed'ng systems and discipl ines  in  the 

Pasture, Forage, and livestock Program. Numbers in parentheses indicate approximte 

a1 1 ocation of existing resources. 

Feeding Systems 

Disciplines Annual Marginal Forage Crop 

pastures (35) lands (30) crops (15) residues (20) 

1 6 
Plant breeding (20) B 

2 
Plant sciences (25) A 

3 
Systems analysis (35) A 

4 
Ruminant nutr i t 'on (15) 

. &  
C 

Non-nutritional A 

constrai n t s ( 5 )  

1 
Plant breeding: includes mostly col lect ion and select ion,  but a1 so hybridization 

t o  produce adapted cul t ivars  of pastures, forages and cereals.  
2 

Plant sciences: includes ecology, agronomy, plant physiology and microbiology. 
3 

Systems analysis: 'ncl udes grazing management, on-farm experimentation, and 

computer model1 i  ng but does not include socio-economics studies which are  provided 

by FRMP. 

Ruminant nutr i t ion:  includes feed analysis,  palatabi l i ty  studies, rumen 

mi crobi 01 ogy and supplementary feeding. 
5 

Non nutritional constraints: includes animal health, animal breeding, and 

reproductive physiology. 
6 

'A' represents top pr io r i ty ,  ' B '  and ' C '  intermediate p r i o r i t i e s ,  and D ' low' 

priority. 



c a p a c i t y  t o  conduct t h i s  k i n d  o f  research,  whereas t h e  agronomy o f  

fo rage  legumes resembles t h a t  o f  f o o d  legumes where NARS c a p a c i t y  i s  

greater .  However t h e r e  a r e  impor tant  d i f f e r e n c e s  between fo rage  and 

f o o d  legumes, e s p e c i a l l y  i n  u t i l i z a t i o n  (hay, straw, and g r a i n ) ,  

which make it impor tan t  f o r  ICARDA t o  con t inue  i t s  work i n  t h i s  

area. 

Annual pastures: t h e  o b j e c t i v e  i s ,  th rough  i n t e g r a t i o n  o f  

1  i v e s t o c k  and cerea l  product ion,  t o  i nc rease  l i v e s t o c k  p r o d u c t i v i t y  

by i n t r o d u c i n g  se l  f - regenera t i  ng pastures o f  annual 1  egumes i n t o  

cerea l  r o t a t i o n s ,  t o  dev ise management systems f o r  pastures and 

l i v e s t o c k ,  and t o  determine and reduce c o n s t r a i n t s  t o  cerea l  

product ion.  

System-or iented research, i n c r e a s i n g l y  conducted i n  

c o l l a b o r a t i o n  w i t h  NARS, w i l l  be maintained, w i t h  more emphasis on 

d r i e r  areas and areas o f  h igher  e l e v a t i o n .  S e l e c t i o n  and breeding 

o f  pasture genotypes adapted t o  d r y  areas (<300 mn r a i n f a l l  ) w i l l  

have h igh  p r i o r i t y ,  s e l e c t i o n  c r i t e r i a  being based on an improved 

understanding o f  ecogeographi c  r e 1  a t i  onshi ps between p l a n t s  and 

t h e i r  n a t i v e  h a b i t a t .  I n  c o l l a b o r a t i o n  w i t h  t h e  seed p roduc t ion  

u n i t ,  ass is tance  w i l l  cont inue t o  be g i v e n  towards t h e  estab l ishment  

of pasture and forage seed i n d u s t r i e s .  

Agronomic research  w i l l  focus on maximizing cerea l  y i e l d s  i n  

ce rea l /pas tu re  r o t a t i o n s  ( i n  c o l l a b o r a t i o n  w i t h  FRMP and t h e  Cereal 

Program), i n v o l  v i  ng u t i l i z a t i o n  by c e r e a l s  o f  a v a i l a b l e  water,  weed 

c o n t r o l ,  t i l l a g e ,  t h e  s e l e c t i o n  o f  c e r e a l s  adapted t o  t h e  new 

system, and t h e  study o f  r o o t  diseases i n  these  and o t h e r  r o t a t i o n s .  

O f  equal importance i s  t h e  s t a b i l i t y  of pasture-based systems 

which depends on t h e  a b i l i t y  o f  pasture legumes t o  f i x  n i t r o g e n  and 

s e t  copious amounts o f  dormant seeds. Rhizobium research  w i l l  

i n v o l v e  c o l l e c t i o n  and s e l e c t i o n  o f  e f f e c t i v e  s t r a i n s ,  p roduc t 'bn  o f  



i noculants,  and devel  opment o f  i n o c u l a t i o n  systems. Techniques 

assoc ia ted  w i t h  b io techno logy  may be used l a t e r  t o  i nc rease  t h e  

e f f i c i e n c y  o f  n i t r o g e n  f i x a t i o n ,  develop r e s i s t a n c e  t o  pests  

a f f e c t i n g  r o o t  nodules, and i n t r o d u c e  mycorrhor izae i n t o  fa rm ing  

systems. Research on t h e  phys io logy  o f  seed p roduc t ion  and dormancy 

w i l l  be aimed a t  t h e  development o f  more r e l i a b l e  s e l e c t i o n  

c r i t e r i a .  

Re juvena t ion  o f  marg ina l  l a n d :  t h e  o b j e c t i v e  i s  t o  i nc rease  t h e  

s t a b i l i t y  and p r o d u c t i v i t y  o f  1  i v e s t o c k  p r o d u c t i o n  on marg ina l  l ands  

b y  pas tu re  improvement, use o f  f e r t i l  i z e r s ,  and improved g r a z i n g  

management. 

Research on r e j u v e n a t i o n  of margi nal  l a n d  w i l l  be i ncreas i  ngl y  

d i r e c t e d  towards t h e  200-250 mm r a i n f a l l  zone, most s u b j e c t  t o  

d e s e r t i f i c a t i o n .  Spec ia l  a t t e n t i o n  w i l l  be p a i d  t o  t h e  most 

a p p r o p r i a t e  and s t a b l e  l a n d  use systems i n  t r a n s e c t s  f r o m  d r y  t o  wet 

environments. C o l l a b o r a t i o n  w i t h  ACSAD w i l l  be most appropr ia te ,  

espec ia l  1  y on t h e  g e n e t i c  resources o f  e d i b l e  shrubs and management 

o f  shrub p l a n t a t i o n s  i n  t h i s  zone. 

It i s  impor tan t  t o  o b t a i n  a  b e t t e r  unders tand ing o f  t h e  

ownership and management o f  communal l a n d  and t o  develop ways o f  

implement ing pas tu re  improvement. Th is  work w i l l  be conducted 

p r i m a r i l y  w i t h  t h e  S y r i a n  ARS, S y r i a n  s i t e s  be ing used t o  t r a i n  

o the r  NARS s t a f f  t o  develop a  s i m i l a r  approach. C o l l a b o r a t i v e  

p r o j e c t s  o u t s i d e  S y r i a  w' i l l  be developed 1 a t e r .  

A n n u a l l y  resown f a a g e s :  t h e  o b j e c t i v e  i s  t o  breed fo rage  

1  egumes, espec ia l  1  y vetches, peas, and c h i  c k l  i ng, t o  rep1 ace f a 1  1  ows 

i n  cerea l  r o t a t i o n s ,  w i t h  emphasis on areas r e c e i v i n g  l e s s  t h a n  300 

mrn r a i n f a l l .  

Breeding w i l l  be i n c r e a s i n g l y  f o r  legumes s u i t e d  t o  areas which 



a r e  t o o  d r y  f o r  l e n t i l s .  We b e l i e v e  t h a t  a j o i n t  FLIP/PFLP approach 

improv ing food  and fo rage  legumes f o r  areas w i t h  l e s s  t h a n  300 mn 

r a i n f a l l  and deve lop ing t r i p 1  e-purpose 1 egumes ( f o r  graz ing,  g r a i n  

and s t raw) ,  w i l l  be val uabl e. Non-sha t te r i  ng vetches (1. s a t i  va) 

w i l l  become a v a i l a b l e  s h o r t l y  w h i l e  a wide range o f  spec ies  can be 

domest icated 1 a t e r  w i t h  p r o p e r t i e s  va ry ing  f rom seed b u r i a l  (y. 
s a t i  va subsp. amphicarpa) t o  h i g h  g r a i n  y i e l d s  (y. narbonensis). 

F a c t o r s  such as l o w  p a l a t a b i l i t y  t o  small ruminants  ( i n  peas) and 

human t o x i c i t y  ( ch i ck1  i ng) w i l l  be removed by s e l e c t i o n  and 

h y b r i d i z a t i o n .  

Research on t h e  r o l e  o f  f o rage  crops and t h e i r  p l a c e  i n  

r o t a t i o n s  w i l l  be cont inued. 

Crop residues: t h e  o b j e c t i  ve i s  t o  determine t h e  r o l e  o f  cerea l  

and o the r  straws i n  small ruminant  p r o d u c t i o n  systems and t o  improve 

t h e i r  u t i l i z a t i o n  and n u t r i t i o n a l  value. 

I n  c o l l a b o r a t i o n  w i t h  ILCA and t h e  Cereal Program, t h e  research  

on f a c t o r s  a f f e c t i n g  s t raw q u a l i t y  and methods o f  screen ing 

germplasm w i l l  be strengthened. Advanced i n s t i t u t i o n s  w i l l  be asked 

t o  cons ider  us ing g e n e t i c  eng ineer ing  t o  generate  microorganisms 

w i t h  enhanced a b i l i t y  t o  degrade l i g n i f i e d  crop res idues.  I f  

resources become a v a i l  a b l e  PFLP w i l l  s t a r t  t o  d e f i n e  supplementary 

d i e t s  t o  improve t h e  u t i l i z a t i o n  o f  c rop  res idues  and i n d u s t r i a l  

byproducts,  and t h e i r  i n t e r a c t i o n s  w i t h  pas tu re  and fo rage  crops. 

I n t e r a c t i o n s  between n u t r i t i o n  and t h e  sheep's breeding c y c l e  need 

t o  be considered. 

New initiatives: t h e  remain ing p a r t  o f  t h i s  s e c t i o n  discusses 

new i n i t i a t i v e s  and how t h e y  f i t  i n t o  feed ing  systems. 

Implementat ion w i l l  depend on t h e  p r o v i s i o n  o f  e x t r a  resources, i n  

p a r t i c u l a r  an inc reased  capac i t y  t o  conduct research  i n t o  ruminant  

n u t r i t i o n  and i t s  i n t e r a c t i o n s  w i t h  h e a l t h  and genet ics .  



PFLP intends t o  expand i t s  work on sheep and goats in areas of 

l e s s  than 300 mm ra infal l .  The main existing thrust ,  t o  assemble 
improved feeding technologies into  systems for on-farm evaluation, 

will be strengthened by co-operation with agronomists a n d  economists 

i n  the other Programs. 

Strong interactions between nutri t ion and both animal health and 

genetics can lead t o  serious constraints t o  feed uti l ization. 

ICARDA therefore he1 d a workshop attended by representati ves of NARS 

and experts from advanced inst i tut ions  t o  discuss and set  

priorit ies.  Their recomnendations (Appendix 2 )  exceed ICARDA's 

capacity t o  respond, and show the need t o  widen our research. We 

believe tha t ,  of the i r  recomnendations, the pr io r i t i es  are t o  

compare the  nutritional requirements of improved with existing 

genotypes, and t o  identify selection c r i t e r ia  in sheep and goats 

through improving our understanding of the Awassi's adaptation t o  

i t s  environment. The effect of improved genotypes on flock 

productivity i s  neglected in on-farm research, and ICARDA should 

ass i s t  NARS in t h i s  area. Such work would be integrated with 

on-farm research in annual pastures. 

An understanding of nutrition-related diseases, e.g. 

gastro-i ntestinal parasites 1 inked with intensive grazing of annual 
pastures, i s  needed. Problems of high cost ,  poor avai labi l i ty ,  low 

efficacy, and environmental hazards of anthelmi ntics i l l  ustrate how 
techniques of disease control in developed countries can fa i l  in 

developing countries. Expertise in the routine care and protection 

of ICARDA's flock of 600 Awassi sheep i s  essential ,  since t h i s  i s  

not locally available. 

Because of the complexity of livestock systems and the 

integration of livestock and crop production, the need for economic 
analysis, and the need t o  understand the various biological and 

soci 01 ogi cal components of 1 i vestock production, PFLP intends t o  use 



computer models t o  analyse and in t e rp re t  i t s  work. This will f i r s t  

be confined t o  economic analys is  using 1 i  near programni ng (with 

FRMP) , expanding 1 a t e r  t o  biological components of grazing systems. 

The l a t t e r  will  involve col laborat ion with advanced i n s t i t u t i o n s  and 

ICARDA's Computer Section. 

Trai ni ng 

Systems-oriented research,  although an e f f ec t ive  method of 

improving production and ef f ic iency ,  i s  often seen t o  be s i t e  

spec i f ic .  I t  i s  important fo r  NARS t o  learn  tha t  by working on 

farms and, where appropriate ,  usi ng a systems approach, otherwise 

d i f f i c u l t  agr icu l tura l  problems can be resolved. The t r a n s f e r  of 

t h i s  research and r e su l t i ng  methodologies t o  NARS, where ICARDA and 

t h e  NARS j o i n t l y  deem i t  t o  be appropriate ,  i s  t h e  main objec t ive  of 

PFLP's plans i n  t r a in ing  and internat ional  co-operation. 

PFLP encourages problemoriented t r a in ing ,  designed t o  

complement i t s  research. For example i f  NARS and ICARDA believe 

t h a t  a new r e s u l t  i s  of potential value, we design t r a in ing  courses 

t o  f a c i l i t a t e  i t s  adaptation and subsequent adoption, f i r s t l y  by 

NARS, and l a t e r  by farmers. A recent  upsurge of i n t e r e s t  i n  annual 

medics seems par t ly  due t o  t h i s  approach. 

The three-month res ident ia l  t r a in ing  course (10-15 pa r t i c ipan t s )  

i s  primarily for  NARS which a r e  s t a r t i n g  t o  conduct research in  

pasture and animal science. Trainees a r e  encouraged t o  conduct and 

analyse t h e i r  own f i e l d  s tudies  preferably on a t op ic  chosen by them 

or t h e i r  home i n s t i t u t e .  The bringing together of t r a i n e e s  from 

countr ies  with s imilar  agro-ecologies i s  a useful f i r s t  s t ep  in  t h e  

formation of research networks, one of t h e  main advantages of t h e  

res ident ia l  course, both t o  ICARDA and NARS. 

The Program i s  expanding i t s  postgraduate degree t r a i n i n g ,  which 



i s  of value i n  a t t r a c t i n g  new ideas t o  ICARDA's research and g i v i n g  

pa r t i c i pan ts '  work formal recogni t ion.  Such t r a i n i n g  a1 so develops 

strong l i n k s  w i t h  advanced i n s t i t u t i o n s ,  and t r a i n s  graduates i n  a  

devel opi ng-worl d  context on t o p i c s  c l  osel y  re1 ated t o  NARS and 

ICARDA core research. 

Apart from veter inary science, i n  many NARS t h e  pasture and 

l i ves tock  sciences are o f  lower s tatus than t h e  crop sciences. To 

provide a  be t te r  s c i e n t i f i c  environment PFLP w i l l  encourage t h e  

development o f  sub-regional networks and workshops where t o p i c s  o f  

common i n t e r e s t  can be inves t iga ted  and discussed. It w i l l  a1 so 

encourage the  exchange o f  in fo rmat ion  and the  supply o f  mater ia ls ,  

poss ib ly  inc lud ing  newslet ters ( c f  ICARDA's crop science 

news1 e t t e r s ) .  

International cooperation 

The key words f o r  PFLP i n  i n te rna t i ona l  cooperat ion are  ' focus '  

and ' c o l l  aborat ion '  : focus on countr ies w i t h  Mediterranean 

environments and a  capaci ty  t o  conduct l i ves tock  research, and 

c o l l  aborat ion w i t h  NARS s c i e n t i s t s  and other ICARDA programs. 

Co-operation invo lves  leadership i n  networks, workshops, seminars, 

and nurser ies '  and i n  the  design, i n te rp re ta t i on ,  and j o i n t  

pub1 i c a t i  on o f  experiments. 

Col laborat ion w i t h  NARS and some advanced i n s t i t u t i o n s  such as 

ILCA and ACSAD i s  o f t e n  d i f f i c u l t  because o f  our lack  o f  appropr iate 

s c i e n t i f i c  d i sc ip l i nes ,  p a r t i c u l a r l y  i n  t h e  1  ivestock sciences. 

Expert ise i n  animal health, animal breeding, range management, and 

forage would ass i s t  i n  breaking down t h e  b a r r i e r s  which e x i s t  w i t h i n  

NARS and i n h i b i t  t he  development o f  a  systems approach. Because o f  

t h i s  problem, t he  d i v e r s i t y  o f  i t s  other top ics ,  and i t s  systems 

approach, i t  i s  important t h a t  PFLP focus on a  few count r ies  where 



impact i s  most 1 i k e l y .  The c o u n t r i e s  o f  n o r t h  A f r i c a  have h ighes t  

p r i o r i t y  a f t e r  S y r i a ,  and we now have a s c i e n t i s t  i n  Morocco, t o  

cover a l s o  A l g e r i a  and Tunis ia.  Work w i t h  Jordan, I r a q ,  and 

P a k i s t a n  w i l l  be co-ord i  nated f rom A1 eppo, and c o n t a c t s  a r e  a1 so 

ma in ta ined  w i t h  b i l a t e r a l  p r o j e c t s .  

The new i n t e r n a t i o n a l  medic nu rse ry  and ' need-to- i  nocu la te '  

network a r e  examples o f  PFLP's approach. I n  s p i t e  o f  some e a r l y  

problems t h e  nu rse ry  i s  being expanded t o  o the r  c o u n t r i e s  (Morocco 

and France added i n  1987188) and more species, t h e  data  so ob ta ined  

be ing  o f  g r e a t  va lue i n  ana lys ing  adap ta t ion ,  and l i n k i n g  ICARDA1s 

medic s e l e c t i o n  w i t h  t h a t  o f  NARS. I n t e r n a t i o n a l  fo rage  n u r s e r i e s  

w i l l  beg in  i n  1988/89. The ' need- to - inocu la te '  network has s i m i l a r  

o b j e c t i v e s  and i s  o f  va lue by f a c i l i t a t i n g  t h e  c o l l e c t i o n  o f  

r h i z o b i a  and t h r o w i n g  l i g h t  on genotype x environment i n t e r a c t i o n s .  

An impor tan t  two-way c o m u n i c a t i o n  between PFLP and NARS occurs 

a t  t h e  PFLPIFLIP workshops which began i n  1986. A t  these  Workshops 

t h e  concepts assoc ia ted  w i t h  i n t r o d u c i n g  and us ing  legume-based 

farming systems have been t h e  sub jec t  o f  t r i - p a r t i t e  d i scuss ions ,  o f  

ICARDA, NARS, and o u t s i d e  experts.  Fo r  example, a t  one workshop i t  

became c l e a r  t h a t  NARS woul d exper ience prob l  ems i n  t h e  sampl i ng and 

i n i t i a l  e v a l u a t i o n  o f  new medic v a r i e t i e s .  ICARDA was t h e r e f o r e  

a b l e  t o  i d e n t i f y  an impor tan t  a d v i s o r y  r o l e  du r ing  which our  

knowledge o f  t h e  d i s t r i b u t i o n  o f  medics w i l l  be g rea t1  y expanded. 

NARS s c i e n t i s t s  a1 so a t t e n d  Program p lann ing  meet ings where t h e i r  

adv ice  i s  o f  g r e a t  va lue i n  determin ing p r i o r i t i e s .  

We hope t o  convey t o  NARS t h e  need t o  accept systems and on-farm 

research  as proper  and reward ing s c i e n t i f i c  approaches. Th is  i s  no t  

n e c e s s a r i l y  so a t  present ,  espec ia l1  y i n  1 i v e s t o c k  research. ICARDA 

must demonstrate t h e  concept by i t s e l f  p u b l i s h i n g  i t s  r e s u l t s  and 

a s s i s t i n g  i n  t h e  des ign and i n t e r p r e t a t i o n  o f  NARS on-farm research. 

T h i s  k i n d  of co -opera t ion  i s  wel l -deve loped w i t h  t h e  S y r i a n  ARS, and 

we hope t o  ex tend i t t o  n o r t h  A f r i c a  i n  t h e  near f u t u r e .  



Concl udi ng Remarks 

A consensus e x i s t s  t h a t  t h e  highest p r i o r i t y  i n  1 ivestock 

research i s  t he  development o f  improved feeding systems. This i s  

r e f l e c t e d  i n  our plans which consol idate e x i s t i n g  research on annual 

pastures, forage 1 egumes, cereal residues, and re juvenat ion  o f  

marginal land. Apart from cereal residues t h e  plans out1 ined under 

these headings can be implemented w i t h  e x i s t i n g  resources, and we 

i n tend  t o  maintain our agenda as described, w i t h  c e r t a i n  extensions. 

We bel ieve, however, t h a t  there  i s  a need t o  car ry  out more research 

i n  t he  l i ves tock  sciences i n  order t o  balance the  p lan t  work. 

This w i l l  take t h e  form o f  f i r s t l y ,  strengthening our systems 

approach by use o f  more r igorous  ana l y t i ca l  techniques, and 

second1 y, determining t h e  non-nutr i  t i o n a l  cons t ra in ts  t o  e f f i c i e n t  

u t i l  i z a t i o n  o f  feedstuf fs .  By redressing t h e  e x i s t i n g  imbalance 

between p lant ,  animal, and socia l  sciences i n  t h i s  way, we a lso  

expect t o  he lp  i n  b r ing ing  together, i n  NARS, t h e  various 

d i  sc ip l  ines needed t o  i ncrease 1 i vestock research. 
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CHAPTER 2: UTILIZATION OF IMPROVED FEED RESOURCES 

I n  t h e  ICARDA r e g i o n  t h e  most complex problem faced by l i v e s t o c k  

s c i e n t i s t s  and farmers  i s  how t o  u t i l i z e  t h e  va r ious  o p t i o n s  t o  

i nc rease  f e e d  resources. For example, i n  t h e  case o f  fo rage  

1  egumes, t h e i r  agronomy i s  s t r a i g h t f o r w a r d :  how t h e y  should  be used, 

whether i t  i s  p r o f i t a b l e  t o  use them, and how t h e y  f i t  i n t o  

r o t a t i o n s  a r e  some o f  t h e  quest ions which need answers. 

Th is  research  i s  o f  a  mu1 ti - d i  s c i  p l  i nary  na tu re  i nvol v i  ng 

l i v e s t o c k  s c i e n t i s t s ,  pasture  and range e c o l o g i s t s ,  a  g r a z i n g  

management s c i e n t i s t  and, i n c r e a s i n g l y ,  a g r i c u l t u r a l  economists. 

Most aspects o f  1 i vestock-produci  ng systems a r e  t h e r e f o r e  covered. 

The Chapter beg ins  w i t h  a  d e s c r i p t i o n  o f  1  i vestock p r o d u c t i v i t y  

f rom n a t i v e  pasture ,  i n  which two r a t e s  o f  s tock ing  and t h r e e  l e v e l s  

o f  superphosphate a r e  be ing compared. The second experiment i s  

e v a l u a t i n g  medics under g raz ing  a t  t h r e e  s tock ing  r a t e s ,  and 

comparing medidwheat  w i t h  o the r  r o t a t i o n s .  Then f o l l  ows on-farm 

work on forages ( two s i t e s )  and pastures (one s i t e ) .  The Chapter 

concludes w i t h  a  d e s c r i p t i o n  o f  work on t h e  u t i l i z a t i o n  o f  cerea l  

and legume straws. 

Experiment 2.1 : 1 i vestock p-odudivity a t  different phosphate 

and stocking rates on native pasture growing on 

marginal land (Preschedule ML2) 

The o b j e c t i v e s  o f  exper iment 2.1 a r e  f i r s t l y  t o  mon i to r  t h e  

e f f e c t s  of s tock ing  r a t e  and phosphorus a p p l i c a t i o n  on t h e  n a t u r a l  

vege ta t i on  o f  marg ina l  lands,  secondly t o  measure t h e  response t o  



phosphate appl ica t ion  of l ivestock production and t o  t e s t  whether 

t h e  responses, i f  any, a r e  prof i tab le ,  and t h i r d l y ,  t o  assess  t h e  

carrying capacity of marginal land and t o  look fo r  botanical 

i ndi cat ions of over grazing . 
Marginal land, often overgrazed f o r  many years ,  usually has a 

low plant densi ty,  and i s  therefore  of very low productivi ty and 

highly susceptible t o  severe so i l  erosion. Pasture a v a i l a b i l i t y  i s  

not s u f f i c i e n t ,  pa r t i cu l a r ly  i n  winter ,  and the  sheep's  d i e t  i s  

usually supplemented by t h e  grazing of fal lows,  and by feeding of 

barley and legume gra ins  and straw. 

Rehabil i tat ion of t h e  marginal land of WANA i s  an important 

p r i o r i t y  of ICARDA. Increasing t h e  supply of pasture could improve 

1 i vestock productivi ty and r e l ease  1 and f o r  grain and hay production 

with benef i t s  t o  t h e  s t a b i l i t y  of ag r i cu l tu re  a s  a whole. 

The s t r a t e g i e s  fo r  improving marginal land a r e  extensively 

discussed i n  previous Annual Reports (1984, 1985). In summary we 

believe t h a t  productivity of t h i s  land could be increased through: 

- changing grazing management t o  encourage seed production; 
- applying su i t ab l e  f e r t i l i z e r ( s ) ;  and 

- sowing adapted and improved pasture species. 

Although easy t o  define we must remember t h a t  marginal land 

shows grea t  v a r i a b i l i t y  i n  terms of t o t a l  r a i n f a l l ,  so i l  depth, 

so i l  f e r t i l i t y ,  abundance of s tones,  and presence and d i s t r ibu t ion  

of plant species (eg Table 2.1) a l l  of which make experimentation 

extreme1 y d i f f i c u l t .  

The experiment i s  being conducted a t  Tel Hadya on land typical  

of huge areas of western Syria. I t  will  be possible t o  ex t rapola te  



t h e  r e s u l t s  by u s i n g  b o t a n i c a l  i n d i c a t o r s  o f  o v e r - g r a z i  ng, 

d e v e l o p i n g  a n a l y t i c a l  methods t o  i n d i c a t e  phosphorus  d e f i c i e n c y ,  a n d  

measur ing  t h e  f r e q u e n c y  and abundance  o f  v a r i o u s  p a s t u r e  l egumes .  

I t  i s  n e c e s s a r y  t o  conduc t  t h i s  k i n d  o f  e x p e r i m e n t  b e c a u s e  NARS 

o f f i c i a l  s ( a n d  f a r m e r s )  need e v i d e n c e  t h a t  improvement of  marg ina l  

l a n d s  w i l l  g i v e  economic b e n e f i t s .  The e x p e r i m e n t a l  s i t e  i s  

e x t e n s i  vel y used  i n  trai n i  ng programs.  

Table 2.1. W;ld legumes found on marginal-land pasture i n  experiment 2.1 

a t  Tel Hadya. 

-- -- - - 

Trifol ium angust i fol ium, L. 

argutum, Sol .  

campestre, Schreb. 

c h e r l e r i ,  L .  

haussknechtii  , Boiss. 

pauciflorum, d'Urv. 

p i l u l a r e ,  Boiss. 

scabrum, L. 

spumosum, L. 

s t e l l a t u m ,  L.  

tomentosum, L. 

Medi cago coronata (L .) Bart.  

" minima, (L.) Bart.  

" o r b i c u l a r i s ,  (L.) Bart.  

" r i g i d u l a ,  (L. )  Al l .  

" r o t a t a ,  Boiss. 
Trigonell a a s t r o i t e s ,  Fish e t  Mey. 

f i l i p e s ,  Boiss. 
foenum-graecum, L. 

rnesopotamica, Hub.-Mor. 

rnonantha, C.A. Mey. 
monspel i aca ,  L .  

s t e l l a t a ,  Forssk,  

- -- 

Astragal us a s t e r i a s ,  Steve ex Ledel 
hamosus, L .  

suberosus, Blanks e t  Sol.  

t r i r a d i a t u s ,  Bunge 

Vicia peregrina,  L .  

" s a t i v a , L .  

" v i l l o s a ,  Roth 

Lathyrus anuus, L. 

aphaca, L. 

" incospicuus,  L .  

Onobrychis c r i s t a - g a l l i  , L. 

kotschyana, Fenzl . 
Hi ppocrepi s un is i l  i quosa, L .  

Hymenocarpus c i r c i n n a t u s ,  (L . )  Savi 

Pisum sat'vum, L. 

Scorpiurus muricatus, L. 

Coronill  a scorp io ides ,  L.  (Koch) 

Coronil l a  spp. 

Ononis spp. 



M a t e r i  a1 s and Methods 

There a r e  t h r e e  r a t e s  o f  phosphate (0, 25 and 60 kg pe r  ha o f  

P 0 ) and two s t o c k i n g  r a t e s  (0.8 and 1.7 sheep per ha) i n  a 
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f a c t o r i a l  des ign w i t h  t h r e e  r e p l i c a t e s .  

Superphosphate i s  broadcast b e f o r e  each growing season. The 

experiment began i n  November 1984 and sheep were f i r s t  i n t r o d u c e d  i n  

J u l y  1985 a f t e r  t h e  complet ion o f  fenc ing.  N i n e t y  Awassi ewes were 

d i v i d e d  i n t o  groups o f  f i v e ,  each c o n t a i n i n g  2, 3, 4, 5 and 6 year  

01 d ewes. Each y e a r  t h e  01 dest  i s  s o l d  and r e p l a c e d  by a t w o  y e a r  

o ld .  The e igh teen  small f l o c k s  a r e  permanently ass igned t o  l a r g e  

(6.5 ha) o r  smal l  (3.0 ha) p l o t s  r e p r e s e n t i n g  t h e  l o w  and h i g h  

s tock ing  r a t e s  r e s p e c t i v e l y  i n  each o f  t h e  f e r t i l i z e r  t reatments .  

Bar ley  g r a i n  i s  used as a supplement d u r i n g  mat ing,  l a t e  

pregnancy and e a r l y  1 a c t a t i o n  o r  whenever t h e  average 1 i veweight o f  

t h e  ewes f a l l s  t o  46 kg. The amount f e d  t o  each f l o c k  i s  recorded. 

Sheep a r e  weighed weekly throughout  t h e  year  and m i l  k p r o d u c t i o n  

d a i l y  d u r i n g  l a c t a t i o n .  Measurement o f  m i l k  p r o d u c t i o n  beg ins  a f t e r  

removal o f  e ight -week-o ld  lambs f o r  s a l e  and con t inues  u n t i l  t h e  end 

o f  l a c t a t i o n .  

Pasture  p r o d u c t i v i t y  i s  moni tored by sampling t h e  herbage d u r i n g  

t h e  growing season; monthly f rom December t o  February  and every  two  

weeks i n  March and A p r i l .  A t  each sampling, 30 quadrats  per p l o t  

(20 i n  t h e  f i r s t  season) a r e  c o l l e c t e d  a long a t r a n s e c t  between 

oppos i te  corners .  F i f t e e n  o f  these  a r e  f r o m  i n s i d e  p r o t e c t i v e  cages 

(60 x 60 x 40 cm h igh )  and f i f t e e n  f r o m  matched s i t e s  near t h e  same 

cages, t h e  cages being r e - l o c a t e d  a f t e r  each sampling. Each sample 

c o n s i s t s  o f  f o u r  c y l i n d r i c a l  u n i t s  (10.5 cm d iameter )  t a k e n  t o  a 

depth  o f  10 cm. The number o f  p l a n t s  and weight  o f  grasses, legumes 

and weeds a r e  determined i n  t h e  l a b o r a t o r y .  



Seed y i e l d  was f i r s t  measured i n  540 quadrats  (50 x 50 cm) i n  

June 1985: a l l  vege ta t i on  i n  t h e  t o p  1 cm o f  s o i l  was c o l l e c t e d .  

The same number o f  samples ( i n  quadrats  o f  20 x 20 cm) have been 

c o l l e c t e d  each year  t h e r e a f t e r :  270 i n  June f rom i n s i d e  p r o t e c t i v e  

cages and 270 a t  t h e  end o f  September f rom outs ide,  t o  es t ima te  t h e  

amount o f  seed l e f t  i n  t h e  f i e l d  a f t e r  summer graz ing.  The seeds 

a r e  hand-sorted, threshed,  d i v j d e d  i n t o  grasses, legumes and weeds, 

counted and weighed. 

S o i l  samples were c o l l e c t e d  f i r s t l y  b e f o r e  any phosphorus was 

app l i ed ,  and secondly a t  t h e  end o f  each growing season. A l l  

f i n a n c i a l  i n p u t s  and ou tpu ts  a r e  be ing moni tored f o r  a  f i n a l  

economic ana lys i s .  

From now on we w i l l  name t h e  t rea tmen ts  r e c e i v i n g  0, 25 and 60 

k g  per ha o f  P 0 t h e  PO,  P25, and P60 t rea tmen ts  and t h e  ones w i t h  
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0.8 and 1.7 sheep per ha, t h e  low  SR and h i g h  SR t reatments .  Year 

1, Year 2 and Year 3 w i l l  represent  t h e  1984/85, 1985/86 and 1986/87 

growing seasons. 

Results and Discussion 

Pasture response t o  phosphaus: Tab1 e  2.2 shows t h e  e f f e c t  i n  Year 

3 o f  phosphate a p p l i c a t i o n  (average o f  two  s tock ing  r a t e s )  on 

a v a i l a b l e  biomass o f  grasses and herbs. Treatment P25 r e s u l t e d  i n  

by f a r  t h e  h ighes t  biomass o f  grasses u n t i l  e a r l y  A p r i l ,  but  no 

d i f f e r e n c e s  were found a t  t h e  f i n a l  sampling two  weeks l a t e r .  For 

herbs P60 r e s u l t e d  i n  t h e  h ighes t  biomass f rom e a r l y  February u n t i l  

e a r l y  A p r i l ,  b u t  aga in  no d i f f e r e n c e s  were detected a t  t h e  end o f  

t h e  growing season. A t  t h i s  s tage grasses and herbs c o n t r i b u t e d  

approx imate ly  400 and 500 kg per ha r e s p e c t i v e l y  t o  t o t a l  a v a i l a b l e  

b i o m s s .  However t h e  c o n t r i b u t i o n  o f  legumes (F ig .  2.1) was g r e a t e r  

a t  P60 (640 kg per ha) t h a n  a t  P25 (500 kg per ha) and PO (140 kg 

per ha), w h i l e  t h e  t o t a l  a v a i l a b l e  biomass reached 1580, 1440, and 

1050 kg per ha (P<0.05) a t  t h e  f i n a l  harvest ,  r e s p e c t i v e l y .  



Table 2.2. Dry mat te r  y i e l d  (kg per ha) o f  grass and herbs i n  

grazed marginal  l a n d  pas tu re  a t  Tel Hadya d u r i n g  Year 3  (1986/87) 

as a f f e c t e d  by phosphorus a p p l i c a t i o n .  

1 ) 
Species Month P P P LSD' 

0 25 60 

Oec 1 24 

Jan 8  33 

Feb 1 44 

Feb 22 98 

GRASS Mar 9  91 

Mar 22 145 

Apr 5  207 

Apr 20 435 

Dec 1 19 

Jan 8  37 

Feb 1 7 9  

Feb 22 202 

HERBS Mar 9 257 

Mar 22 340 

Apr 5  429 

Apr 20 468 

(1 )  
L.S.D.'s s i g n i f i c a n t  a t  P<0.01. 

(2)  
L.S.D.'s s i g n i f i c a n t  a t  P<0.05. 

(n.s.) F - tes t  no t  s i g n i f i c a n t .  

It i s  impor tan t  t o  p o i n t  ou t  t h a t  g rowth  r a t e  i n  s p r i n g  was 

h igh,  and was h ighes t  du r ing  t h e  l a s t  two  weeks o f  growth.  The 

biomass a t  t h e  l a s t  sampling p rov ides  f o o d  as d r y  r e s i d u e s  d u r i n g  

summer. 



LSD 

Number of days a f t e r  1 December 

Fig. 2.1: A v a i l a b l e  legume herbage (kg per ha) i n  grazed n a t i v e  
pasture  on marginal  l a n d  a t  Tel Hadya a t  t h r e e  r a t e s  o f  
phosphorus a p p l i c a t i o n ,  0 ( c i r c l e s ) ,  25 ( t r i a n g l e s ) ,  and 
60 (squares) kg of P O5 per ha (mean of two s tock ing  
r a t e s ) .  Bars represen? L.S.D. a t  P<0.01. 

Legume response t o  phosphate f e r t i l i z e r  s t a r t e d  i n  Year 1 and 

has cont inued i n  Years 2 and 3 ,  t h e  1 a rges t  response be ing  i n  Year 3 

(F ig .  2.1 shows Year 3 on ly ) .  A s i m i l a r  response occurred f o r  seed 



y i e l d  (Tab le  2.3), t h e  response i n  seed numbers i n  Year 2 be ing  

r e f l e c t e d  i n  Year 3 by b e t t e r  p l a n t  d e n s i t y  throughout  t h e  season 

(Tab le  2.4). Seed numbers a t  t h e  end o f  Year 3 suggest t h a t  i n  Year 

4 d i f f e r e n c e s  i n  d e n s i t y  and hence biomass w i l l  be even g rea te r .  

F u r t h e r  a n a l y s i s  r e v e a l s  t h a t  t h e  response i n  legumes i s  n o t  o n l y  

due t o  improved d e n s i t y  bu t  a l s o  t o  h igher  mass per p l a n t  (Fig.  

2.2). S i g n i f i c a n t  d i f f e r e n c e s  were found ma in l y  f rom l a t e  February  

(P<O.Ol). 

Table 2.3. E f f e c t  o f  superphosphate on seed y i e l d  (kg  per ha) and 
2 

seed number (number per m ) f o r  legume spec ies  on marginal  land.  

Fert i l i z er  Year 1 year 2 Year 3 

treatment Seed y i e l d  Seed number Seed y i e l d  Seed number Seed y i e l d  Seed number 

L.S.D. (P(0.05) 11.7 825 10.5 751 22.0 2278 

Table 2.4. The p o p u l a t i o n  d e n s i t y  o f  legumes (number o f  p l a n t s  pe r  

m2) i n  grazed marg ina l  l a n d  pas tu re  a t  Tel  Hadya d u r i n g  Year 3 as 

a f f e c t e d  by phosphorus a p p l i c a t i o n .  

1 )  
MONTH P P P L.s.D.' 

0 25 60 

Dec 01 

Jan 08 

Feb 01 

Feb 22 

Mar 09 

Mar 22 

Apr 05 

Apr 20 

(1) 
L.S.D.'s s i g n i f i c a n t  a t  P<0.01. 



The r e s u l t s  s t r o n g l y  i n d i c a t e  t h a t  a p p l y i n g  phosphate w i l l  

b e n e f i t  pas tu re  a v a i l a b i l i t y  b o t h  d u r i n g  and a t  t h e  end o f  t h e  

growing season, m a i n l y  due t o  t h e  inc reased  c o n t r i b u t i o n  o f  legumes. 

The b e n e f i t  w i l l  t h e r e f o r e  be not o n l y  i n  a  h igher  y i e l d  o f  d r y  

m a t t e r  but  a l s o  i n  b e t t e r  q u a l i t y  forage,  w i t h  a  h igher  p r o t e i n  

content ,  r e s u l t s  t h a t  cou ld  o the rw ise  be ob ta ined  o n l y  by t h e  use o f  

expensive n i t r o g e n  f e r t i l  i zer.  

Days a f t e r  1 December 

Fig. 2.2: Mean mass o f  legume p l a n t s  (mg per p l a n t )  i n  grazed n a t i v e  
pasture  on marginal  l a n d  a t  Tel Hadya a t  t h r e e  r a t e s  o f  
s tock ing ,  0  ( s t i p p l e d  h is togram),  25 (so l  i d  h is togram),  
and 60 (open h is togram) kg o f  P205 per ha. Bars rep resen t  
L.S.D. a t  P<0.01 



Grasses and herbs are a1 so essential components of the pasture 

since they make a significant contribution to available biomass 

especially during winter. I n  fact they showed a better winter 

growth rate (Table 2.5) t h a n  the legumes, although, as legume 

numbers increase, so will legume growth rate. 

Table 2.5. The winter and spring growth rate of grasses, 

1 egumes and others (kg per ha per day)  in marginal land 

pasture a t  Tel Hadya in Year 3 as affected by phosphorus 

application. 

I 
GROUP SEASON P P P L.s.D.' 

0 25 60 

wi nter 0.868 1.452 1.056 0.498 

GRASSES 

spri ng 8.495 7.700 6.737 n.s. 

winter 0.210 0.357 0.630 0.258 

LEGUMES 

spri ng 3.492 11.950 14.756 4.635 

wi nter 2.497 1.678 2.826 0.841 

OTHERS 

spri ng 6.415 6.584 7.395 n.s. 

(1) 
L.S.D.'s significant a t  P<0.01. 

(n.s.) F-test not significant. 

The above comnents apply t o  available pasture. However i t  i s  

possible to calculate total production by integrating the growth 

rates in Table 2.5. The results are illustrated in Fig. 2.3 which 

shows t h a t  total production reached more t h a n  2.5 t per ha in Year 



3, and i n  F ig .  2.4 which shows t h a t  legume p roduc t ion  reached about 

1 t per ha i n  Year 3. Both F i g s  i l l u s t r a t e  t h a t  t h e  response t o  

phosphorus i s  i n c r e a s i n g  w i t h  t ime :  t h e r e  i s  a l s o  an upward t r e n d  i n  

growth a t  PO apparen t l y  not assoc ia ted  w i t h  r a i n f a l l ,  which was 373 

mm, 316 m, and 358 m i n  Years 1 ,  2 and 3 r e s p e c t i v e l y .  Th is  t r e n d  

occurs  probably  because o f  t h e  g r a z i n g  management used i n  t h e  

exper iment:  cont inuous g r a z i n g  a1 lows f o r  g r e a t e r  seed s e t  and hence 

g rea te r  p l a n t  numbers t h a n  t r a d i t i o n a l  management. 

r year 3 ( r a i n f a l l  358 mm) 

3 

2 

0 25 60 
Phosphate (kg per ha) appl ied 

Fig. 2.3: The response i n  t o t a l  p r o d u c t i v i t y  o f  n a t i v e  pas tu re  on 
marginal  l a n d  t o  superphosphate i n  years  1,2, and 3 
(average o f  h igh  and l o w  s tock ing  r a t e s ) .  The f e r t i l i z e r  
was f i r s t  added i n  1984185, and has been a p p l i e d  each year  
a t  t h e  same t h r e e  ra tes .  Bars rep resen t  L.S.D. a t  P<0.05. 

- 

year 1 ( r a i n f a l l  373 mm) 
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year 2 ( r a i n f a l l  716 m) 
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year 2 

Number of days after 1 December 

Fig.  2.4: Total herbage yield of legumes ( k g  per ha) in grazed 
native pasture on marginal land a t  Tel Hadya !n years 1,2, 
and 3 a t  three levels of phosphate, 0 (c i rc les ) ,  25 
(tr iangles) and 60 (squares) kg of P O5 per ha. Bars 
represent L.S.O. a t  P<0.01. For rainfafl see Fig. 2.3. 

Effect o f  stocking rate on pastures: Grazing reduces plant density 

which in turn i s  highly and positively correlated with biomass. No 

grazing occurred during Year 1, the sheep being introduced in July 

1985. In that year,  mean plant density in February was over 8,500 
2 

plants per m , in Year 2 i t  was 3370 rising t o  5680 in Year 3. 

Although these val ues in part ref lect  seasonal variations (Year 2 

was a year of lower rai  nfall ) there i s  evidence that the  grazing o f  

dry residues from May onwards also resul ts  i n  the loss  of seeds: 

important in re-establishing pasture in the following autumn. As 
will be seen l a t e r  (Chapter 3 ) ,  heavy grazing i s  l ikely t o  result  in 

natural selection in favour of small -seeded species. 



2 
Table 2.6. The populat ion densi ty  ( t o t a l  number of p lan ts  per m ) 

and herbage y i e l d  (kg per ha) i n  marginal land pasture a t  Tel Hadya 

dur ing Year 3 as a f fec ted  by two l eve l s  o f  stocking r a t e  (SR) :  low 

(0.8 sheep per ha) and high (1.7 sheep per ha). 

DENSITY HERBAGE YIELD 

MONTH LOW SR HIGH SR L.S.D. (I' LOW SR HIGH SR L.S.D. 
(1 1 

Dec 1 2705 

Jan 8 3802 

Feb 1 4941 

Feb 22 6487 

Mar 9 5193 

Mar 22 4499 

Apr 5 3730 

Apr 20 2676 

(1) 
F-test s i g n i f i c a n t  a t  P<0.01 t o  0.001 and L.S.D.'s a re  quoted f o r  

(2)  P<O.O1. 
L.S.D.'s s i g n i f i c a n t  a t  P<O.OS. 

(n.s.) F-test not s i gn i f i can t .  

I n  Year 2, when grazing comnenced, High SR showed lower p lan t  

dens i t ies  then Low SR, t h i s  d i f fe rence becoming marked i n  Year 3 

(Table 2.6). Each pasture component has shown the  same t rend  w i t h  

time, more qu ick ly  i n  grasses (s ince Year 2 s i g n i f i c a n t  d i f fe rences  

P<0.01) than herbs (d i f fe rences  a t  P<0.01 i n  Year 3) and legumes 

(only  a t r end  i n  Year 3). 

Observations suggest tha t ,  as seed numbers increase, there  i s  

increased a c t i v i t y  o f  seed- harvest ing ants. 



Livestock productivity: I n  Year 3 sheep g r a z i  ng f e r t i  1  i z e d  pas tu re  

were heav ier  t h a n  t h e  c o n t r o l s  (F ig .  2.5a). Sheep a t  l o w  s t o c k i n g  

r a t e  (Fig.  2.5b) were always ( f r o m  November t o  May) s i g n i f i c a n t l y  

heav ier  (P  rang ing  from <0.05 t o  <0.001) t h a n  sheep a t  h i g h  s t o c k i n g  

r a t e ,  t h e  d i f f e r e n c e s  becoming more marked w i t h  t ime.  These 

p a t t e r n s  a r e  almost i d e n t i c a l  t o  those  i n  Year 2, except t h a t ,  i n  

Year 3, mean l i v e w e i g h t s  were h igher .  The f a l l  i n  l i v e w e i g h t  a t  t h e  

end o f  January was caused by 1  ambi ng. 

I I I I I I I 

NOV Dec Jan FeS fla r Apr Ilay 
i l 0 " t h  

Fig. 2.5: Ewe l i v e w i g h t s  between November 1986 and March 1987, t h e  
ewes g r a z i n g  n a t i v e  pas tu re  a t  (a )  t h r e e  r a t e s  o f  
phosphate (mean o f  two  s t o c k i n g  r a t e s )  and (b)  t w o  r a t e s  
o f  s t o c k i n g  (mean o f  t h r e e  phosphate r a t e s ) .  



Lambs were weighed each week f rom b i r t h  t o  8 weeks. Lambs born 

a t  l o w  s tock ing  r a t e s  grew f a s t e r  than  those a t  h i g h  s t o c k i n g  r a t e s  

(Tab le  2.7). Fu r the r  a n a l y s i s  has shown t h a t  female lambs have a 

lower  growth r a t e  t h a n  males (0.303 vs. 0.332 kg per day, P<0.01) 

and female growth r a t e  seems more s t r o n g l y  a f f e c t e d  by pasture  

a v a i l a b i l i t y  (0.320 vs. 0.291 kg per day a t  l ow  and h i g h  SR., 

P<O.Ol) . 

Table 2.7. Lamb l i v e w e i g h t  (kg) on weekly b a s i s  and changes 

under l o w  and h i g h  s tock ing  r a t e  (mean o f  t h r e e  P l e v e l s ) .  

1 
Date Low SR H i g h  SR L.s.D.( 

B i r t h  

week 1 

week 2 

week 3 

week 4 

week 5 

week 6 

week 7 

week 8 

Growth r a t e  330 302 17 

(9 per day 

(1)  
L.S.D.'s s i g n i f i c a n t  a t  P<0.01. 

(2)  
L.S.D.'s s i g n i f i c a n t  a t  P<0.05. 

(n.s.) F - t e s t  no t  s i g n i f i c a n t .  



During mating i t  was necessary t o  feed ewes grazing t h e  PO 

treatments more than those grazing t h e  P60 and P25 treatments 

(barley gra in :  18.9 vs. 9.1 and 9.5 kg per ewe, P<0.01). Similarly 

sheep grazing a t  high SR needed t o  be fed more than those a t  low SR 

(18.7 vs. 6.3 kg per ewe, P<0.01). No supplementary feeding was 

necessary fo r  sheep grazing f e r t i l i z e d  pasture a t  low SR a repeat of 

t h e  previous yea r ' s  r e s u l t s .  

Unl i ke l i  veweight , milk production per ewe was not s ignif icant1 y 

af fec ted  by phosphorus or stocking r a t e ,  showing only a general 

t rend  and confirming t h e  r e s u l t s  of Year 2. This means t h a t  t he  

y i e l d  of milk per ha a t  high stocking r a t e  was double t h a t  a t  low 

stocking r a t e .  

Three years  of data have produced encouraging r e s u l t s .  The 

conclusions we can draw a t  t h i s  s tage  are  summarized a s  follows: 

- of the  various pasture components legumes respond most 

s trongly t o  phosphate producing more herbage and seed. 

This r e s u l t s  i n  be t te r  qua1 i t y  grazing and in  time will 

a1 l e v i a t e  nitrogen def ic ienc ies  i n  t h e  s o i l .  The presence 

of grasses and weeds i s  important during winter when they 

a r e  more avai lab le  than legumes t o  grazing animals; 

- general ly grazing reduces plant densi ty and herbage y i e ld ;  

and 

- more avai lab le  herbage, whether due t o  applicat ion of 

phosphorus or  low stocking r a t e ,  increases ewe and lamb 

liveweight and decreases t h e  need t o  feed during s t r e s s  

periods. In terms of individual ewe production t h e  e f f ec t  

of stocking r a t e  i s  grea ter  than phosphorus. - L. Russi, 

H. Pagnotta, A. Osman 



Experiment 2.2: produdi vity o f  wheatlpasture rotations 

conpared Kith alternative forms of land use 

(Pieschedule L13, K37) 

The o b j e c t i v e  o f  exper?ment 2.2 i s  t o  assess t h e  p r o d u c t i v i t y  o f  

a wheat/medic r o t a t i o n  and t o  compare i t s  p r o f i t a b i l i t y  and 

s t a b i l i t y  w i t h  o the r  r o t a t i o n s .  

There i s  no data  f r o m  WANA on t h e  p r o f i t a b i l i t y  o f  a 

medicJcerea1 r o t a t i o n  compared w i t h  a1 t e r n a t i  ve r o t a t i o n s .  Th is  i s  

because such exper iments are  expensive and t h e  r e s u l t s  t e n d  t o  be 

s p e c i f i c  t o  t h e  exper imental  s i t e .  Never the less w i thou t  such data 

i t  i s  d i f f i c u l t  t o  p r o v i d e  evidence t o  NARS t h a t  t h e  r o t a t i o n  w i l l  

be p r o f i t a b l e .  Accord;ngly an experiment was designed a t  Tel Hadya 

(average r a i n f a l l  332 mm) t o  compare a medidwheat  r o t a t i o n  w i t h  

f o u r  o the r  r o t a t i o n s .  Th is  k i n d  o f  experiment, where systems a r e  

compared, i s  use fu l  a l s o  because i t  f o r c e s  t h e  researcher  t o  f a c e  

problems s i m i l a r  t o  those faced by farmers:  how t o  f e e d  l i v e s t o c k  on 

a year- round bas is ,  how t o  deal w i t h  t h e  r e 1  a t i  v e l y  unproduc t i ve  

f i r s t  year o f  t h e  r o t a t i o n ,  how t o  c o n t r o l  weeds, and so on. A 

s i m i l a r  experiment has commenced a t  Breda ( r a i n f a l l  279 m) i n  which 

b a r l e y  rep laces  wheat. Indeed i t  i s  p o s s i b l e  t h a t ,  u l t i m a t e l y ,  t h e  

medic system w i l l  be more a p p r o p r i a t e  t o  t h e  d r i e r  areas growing 

b a r l e y  than  t o  t h e  w e t t e r  areas growing wheat. 

A s e r i e s  o f  medic pastures was e s t a b l i s h e d  a t  Tel Hadya i n  t h e  

w i n t e r  o f  1986/7 and managed a t  t h r e e  s tock ing  r a t e s .  I n  a l l  t h e r e  

were seven land-use t reatments ,  a l l  o f  which r o t a t e d  w i t h  wheat: 

- medic (M. r i g i d u l a  s e l e c t i o n  716) grazed a t  4 sheep per ha; 

- medic grazed a t  7 sheep per ha; 

- medic grazed a t  10 sheep per ha; 

- f a l l o w ;  

- watermelon; 

- l e n t i l  ; and 

- vetch. 



These t rea tmen ts  were imposed on l a n d  which had been used t o  

grow wheat i n  t h e  p rev ious  y e a r  (1985/86). S i m i l a r l y ,  l a n d  which 

had been used f o r  these  seven t rea tmen ts  i n  1985186 was used f o r  

wheat i n  t h e  c u r r e n t  year.  The r o t a t i o n s  t h u s  have "a two-phased 

e n t r y " :  b o t h  a l t e r n a t i v e  crops f o r  each r o t a t i o n  s t a r t  i n  each o f  

t h e  f i r s t  two years. The des ign  i s  a randomised b lock  w i t h  t h r e e  

r e p l i c a t e s .  F lock  s i z e  i s  f i v e  sheep r e s u l t i n g  i n  p l o t  s i z e s  o f  

1.25 ha (4  sheep per ha), 0.71 ha (7 sheep per ha), and 0.50 ha (10 

sheep per ha). R o t a t i o n s  i n v o l  v i  ng l e n t i l ,  watermelon, and f a l l  ow 

a r e  e s t a b l i s h e d  on p l o t s  o f  0.3 ha, w h i l e  ve tch  p l o t s  have an area 

o f  0.17 ha. 

For phase 2 t h e  main events  o f  1986/87 a r e  summarised i n  F ig .  

2.6. Phase 1, which had been used i n  t h e  p rev ious  year  t o  e s t a b l i s h  

medic pastures,  o r  t o  have t h e  a l t e r n a t i v e s  l i s t e d  above, was used 

exc l  u s i  v e l y  t o  grow wheat i n  t h e  second year .  

These r e p l i c a t e s  i n  t i m e  (phases) and space ( r e p l i c a t e s )  enable 

an assessment t o  be made o f  shor t -and long- te rm e f f e c t s  o f  

v a r i a b i l i t y  i n  es tab l ishment  f rom year  t o  year.  The va lue o f  t h i s  

i s  ill u s t r a t e d  below f o r  pas tu re  es tab l ishment .  V a r i a b i l i t y  a r i s e s  

f r o m  management changes i n  such f a c t o r s  as sowing depth  and c l i m a t i c  

change, b o t h  t y p e s  o f  change o p e r a t i n g  between y e a r s  and hav ing a 

fa r - reach ing  i n f l  uence on b o t a n i c a l  compos i t i on  and p r o d u c t i  v i  t y  o f  

t h e  pasture.  

Pas tu re  es tab l i shment  

It was dec ided t o  a v o i d  two  d i f f i c u l t i e s  which had been 

encountered i n  t h e  f i r s t  yea r :  poor seed l ing  emergence due t o  

sha l l ow  sowing f o l l o w e d  by an adverse p a t t e r n  o f  r a i n f a l l ,  and poor 

growth due t o  r o o t  kno t  nematodes (see Chapter 4). The s o i l  was 

t h e r e f o r e  t r e a t e d  w i t h  Carbofuran p r i o r  t o  sowing, and seed was 



d r i l l e d  instead o f  being broadcast. Both o f  these procedures were 

successful i n  producing a good stand o f  medic. 

Sowing was c a r r i e d  out using an Amazone d r i l l  i n t o  a seedbed 

prepared by a power harrow a f t e r  c u l t i v a t i o n  w i t h  a ducksfoot 

c u l t i v a t o r  t o  a depth o f  10cm. Medic seed was there fore  placed more 

deeply, probably a t  a mean depth o f  5cm, deeper than the  1-2 cm 

which had resu l t ed  from broacast ing and r o l l i n g  i n  t h e  previous 

year. The sowing date was 18 November, by which date there  had been 

65 mn o f  r a i n  (between 1 October and 8 November) o f  which 16 mn 

occurred about 2 weeks before sowing. Sowing occurred on day 10 o f  

a 39-day drought which l as ted  from 9 November t o  17 December. 

Germination was apparently s t imulated by the  occurrence o f  23 mn o f  

r a i n  on 18-22 December, as emergence was observed on t h e  f i f t h  wet 

day. A f u r t h e r  74 mn between 26 December and 9 January ensured the  

surv iva l  o f  t he  seedlings during a 12 day drought per iod s t a r t i n g  10 

January, and there  was subsequently no problem o f  water shortage. 

This experience contrasted w i th  t h a t  i n  the  previous year (Phase 

1 )  when germination was st imulated under condi t ions where there  was 

inadequate moisture i n  t he  so i l  t o  mai n t a i  n t he  seed1 ings. 

Grazing o f  green mdi c pastures 

The s t a r t  o f  grazing was delayed u n t i l  March i n  order t o  avoid 

re ta rda t i on  o f  the  young medic p lants and 'poaching' ( the  e f f e c t s  o f  

t rampl ing)  during a wet period. Grazing was a t  t h ree  stocking 

ra tes ,  i n i t i a l l y  a t  a reduced leve l  (as i n  1986) and l a t e r  increased 

t o  the  intended ra tes  o f  4 ,  7 and 10 ewes per ha (w i t h  a s i ng le  lamb 

each). The mean stocking ra tes  f o r  t he  grazing per iod are  g iven i n  

Fig. 2.7 which shows t h a t  increasing stocking r a t e  gave a reduced 

quant i t y  o f  herbage consumed per ewe and a lower po ten t ia l  "meat 

gain"  ( the t o t a l  change i n  l i vewe igh t  o f  the  ewe and lamb). Fig. 

2.8 g ives t he  herbage and animal product ion per ha: w i t h  increasing 
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s t o c k i n g  r a t e  l e s s  herbage was consumed and p r o d u c t i v i t y  was lower  

per ewe, bu t  t h e  g r e a t e r  number o f  s tock present  per ha r e s u l t e d  i n  

t o t a l  output  per ha i n c r e a s i n g  w i t h  s t o c k i n g  r a t e .  Meat g a i n  was 

expressed as lamb growth, t h e  f a l l  i n  l i v e w e i g h t  o f  t h e  ewes 

corresponding t o  1  ambi ng and l a c t a t i o n .  1 
EWE 0.1 

MEDIC ! 

MEAT GAIN PER EWES 

7 . 4  

HERBAGE CONSUMED 

PER EWE - 

R 
MEDIC MEDIC El 

LOW MEDIUM HIGH 
3.4 5.9 8.5 

STOCKING RATE 

Fig. 2.7: P r o d u c t i v i t y  per ewe (pregnant,  o r  i n c l u d i n g  i t s  lambs) o f  
f i r s t  yea r  medic pasture  d u r i n g  March a t  t h r e e  s tock ing  
ra tes .  Q u a n t i t y  o f  herbage d r y  ma t te r  consumed (kg)  and 
growth o f  animals ( p o t e n t i a l  meat gain,  kg) expressed per 
ewe o r  ewe-lamb u n i t .  



MEAT GAIN 
PER HECTARE 

LAMBS El 
HERBAGE CONSUMED 

PER HECTARE 

MEDIC R MEDIC B 
LOW 
3.4 

MEDIUM 
5.9 

HIGH 
8.5 

STOCKING RATE 

Fig. 2.8: Produc t i v i t y  o f  f i r s t  year medic pasture a t  th ree  stocking 
rates. The data show t o t a l  quant i t y  o f  herbage (kg) 
consumed (bottom) and o f  po ten t ia l  meat ga in  ( top) .  

One consequence o f  increasing stocking r a t e  was t h a t  l e s s  

herbage remained i n  t h e  pasture when stock were removed i n  A p r i l  t o  

a l l ow  f lowers  and pods t o  develop (Fig. 2.9). There were 

conspicuous d i f fe rences  i n  recovery growth. When t h i s  was added t o  

t h e  growth harvested by grazing (Fig. 2.8) i t  was c lear  t h a t  herbage 

product ion per ha was highest a t  t h e  low stocking r a t e  (Fig. 2.10). 

Herbage product ion was measured a t  t he  end o f  A p r i l ,  before t he  

seasonal dry period. Subsequent measurement o f  pod and seed y l e l d  

showed a s im i l a r  in f luence o f  stocking r a t e  (Fig. 2.11). 



HERBAGE REMAINING 

AFTER GRAZING 

(PER HECTARE) 111 
MEDIC 

WEED 88 H 

LOW MEDIUM H I G H  

3.4 5 . 9  8.5 

STOCKING RATE 

Fig. 2.9: Q u a n t i t y  of herbage remain ing ;n a  medic pas tu re  (kg per 
ha) a f t e r  g r a z i n g  i n  March a t  t h r e e  s tock ing  r a t e s ,  p r i o r  
t o  a  p e r i o d  o f  recovery  d u r i n g  which f l o w e r s  emerged and 
pod f o r m a t i o n  t o o k  place. 

The h igh  p r o p o r t i o n  o f  weeds i s  a  t y p i c a l  r e s u l t  i n  f i r s t  yea r  

medi c  pasture.  I n  r e g e n e r a t i  ng pas tu re  however, weeds a r e  e a s i l y  

c o n t r o l l e d  by g r a z i n g  i n  w in te r ,  when t h e y  are  s u s c e p t i b l e  t o  heavy 

g r a z i n g  because o f  t h e i r  e r e c t  h a b i t .  

Grazing pressure under a l l  s t o c k i n g  r a t e s  c o u l d  be regarded as 

low, f o r  i n  F ig .  2.10 t h e  q u a n t i t y  o f  medic ( o r  weed) grazed was 

very  small i n  comparison w i t h  t o t a l  product ion.  Th is  was an outcome 

o f  f i r s t - y e a r  management dec is ions  t o  graze i n  a  way which would 

a l l o w  pastures t o  produce enough medic seeds t o  ensure t h e  f u t u r e  

s e l f - r e g e n e r a t i o n  o f  t h e  pastures.  

Nevertheless,  t h e  r e s u l t s  i n d i c a t e  (1) t h a t  t h e r e  i s  g r e a t  scope 

f o r  m a n i p u l a t i o n  o f  herbage product ion,  p a r t i c u l a r l y  i n  r e g e n e r a t i o n  

years ,  t o  f e e d  animals,  and ( 2 )  t h a t  t h e r e  i s  a  need f o r  

o p t i m i  s a t i  on o r  compromise between f e e d i  ng s tock on green pas tu re  

and producing medic pods f o r  g r a z i n g  d u r i n g  t h e  d r y  sumner. 



HERBAGE PRODUCTION 

[PER HECTARE) 
3 6 7 0  

WEED 
REGROWTH 

5 3 4  

GRAZED WEED 
1 7 8  

MEDIC 
REGROWTH 

2880 

GRAZED MEDIC 
78 

WEED 
REGROWTH 

4 5 0  

eRAZED WEED 
2 0 0  

MEDIC 
REGROWTH 

2 3 0 3  

GRAZED MEDIC 

1 0 5  

WEED 

REGROWTH 

GRAZED WEED 
2 2 4 6  

MEDIC 
REGROWTH 

1 7 1 3  

GRAZED MEDIC 

247 

LOW MEDIUM HIGH 
3.4 5.9 8.5 

STOCKING RATE 

Fig. 2.10: Total quanti ty of herbage produced by a medic pasture 
grazed by sheep a t  t h ree  stocking r a t e s  during March and 
then a l l  owed t o  grow ungrazed t o  produce t h e  maximum 
standing biomass. Values a r e  given f o r  t h e  quanti ty 
f i n a l l y  ava i lab le  for  harvesting pl us t h e  quantity grazed 
(kg per ha ) . 

Lambs were weaned a t  8 weeks old. Most of the milk was produced 

during April and May, when t h e  stock were fed on straw and 

concentrates. Feedi ng regimes were based on 1 i veweig h t  , and 

theo re t i ca l ly  a1 1 stocking r a t e s  received t h e  same regime. However, 

1 i veweig h t  differences which had devel oped during the  green-medic 

grazing persis ted t o  give differences in  individual output a s  shown 
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2 6 0 7  

SEED 
869 
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798 

POD 
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i n  F ig .  2.12, where m i l k  y i e l d  has been changed i n t o  t h e  e q u i v a l e n t  

va lue f o r  meat g a i n  us ing  t h e  a p p r o x i m t e  formula :  1 kg body f a t  

l o s s  = 5.75 kg m i l k .  

LOW 

From J u l y  onward t h e  ewes grazed on medic pods and on cerea l  

s tubb le  a t  t h e  t h r e e  in tended  s tock ing  r a t e s .  They spent o n l y  h a l f  

o f  each day on t h e  medic so t h a t  t h e  p r o t e i n - r i c h  d i e t  would 

supplement t h e  s t u b b l e  graz ing.  Resu l t s  f o r  t h e  f i r s t  10 weeks a r e  

g i v e n  i n  F i g s  2.13 t o  2.17. 

ri 
WALL 
1 2 8 0  

MEDIUM HIGH 

The t o t a l  amount o f  g raz ing  f rom t h e  f i r s t  yea r  pas tu re  was 

s a t i s f a c t o r y .  We expect t h a t  i n  r e g e n e r a t i n g  pas tu re  t h e  g r a z i n g  

p e r i o d  w i l l  be much l o n g e r  f o r  t h r e e  reasons. The f i r s t  i s  t h a t  t h e  

n a t u r a l  re-seeding r a t e  w i l l  be much h igher ,  t h e  second t h a t  

3.4 5.9 8.5 

STOCKING RATE 

Fig. 2.11: P roduc t ion  of medic pods and seeds (kg per ha) a f t e r  a  
p e r i o d  o f  recovery  fo l l ow 'ng  t h e  g raz ing  o f  pastures a t  
t h r e e  s tock ing  r a t e s .  
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Fig. 2.12: Product i  v i t y  per i nd i v i dua l  ewe-lamb u n i t  (kg) ,  a f t e r  
grazing a t  th ree  stocking ra tes  when fed  w i t h  straw and 
concentrates f o r  98 days whi le  t he  f i r s t  year medic 
pasture was allowed t o  grow. Poten t ia l  meat ga in  inc ludes 
m i l k  product ion expressed as t h e  equivalent quant i t y  o f  
ewe body mass which could have been achieved. 

germination w i l l  occur w i t h  t h e  f i r s t  autumn r a i n s  r e s u l t i n g  i n  a 

longer growing period, and t h e  t h i r d  t h a t  pod grazing can be more 

in tense because a reserve o f  seed w i l l  be present from preceeding 

years. 

Fig. 2.13 shows t h a t  i nd i v i dua l  ewes increased i n  s i ze  a t  a l l  

stocking ra tes ,  t he  1 ow stocking r a t e  g i v i n g  the  greatest 1 iveweight 

gain. There was a corresponding f a l l  i n  t he  quant i ty  o f  medic pods 

and seed present (Fig. 2.14), from t h e  s t a r t i n g  values towards t h e  

threshold val ue o f  300 kg seed per ha, chosen t o  ensure t h a t  t he re  

would be abundant seed f o r  pasture regenerat ion (note t h a t  t h e  

y-ax is  i s  reversed i n  Fig. 2.14 t o  f a c i l i t a t e  comparison w i t h  Fig. 

2.13). 
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Fig.  2.13: Mean i n d i v i d u a l  s i z e  (kg)  o f  ewes g raz ing  wheat r e s i d u e s  
(morning) and medic pods i n  s i t u  (a f te rnoon)  a t  t h r e e  
s tock ing  r a t e s  (3,7, and 10 ewes per ha) f o r  a  p e r i o d  o f  
10 weeks f rom 8 J u l y  t o  16 September. 

The q u a n t i t i e s  harvested o f  medic pods and seed, and o f  ce rea l  

s t u b b l e  a r e  g i v e n  i n  F ig .  2.15. Pod w a l l  c o n t r i b u t e d  as much t o  

i n d i v i d u a l  i n t a k e  as d i d  s tubb le  g raz ing ,  w h i l e  medic seeds and 

ce rea l  g r a i n  p rov ided  t h e  main p r o t e i n  source. A r e l a t i v e l y  h i g h  

q u a n t i t y  o f  l o o s e  s t raw was grazed f rom t h e  cerea l  s tubb le ,  t h e  

s t raw hav ing f a l l e n  f rom t h e  combi ne-harvester.  
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Fig. 2.14: Quan t i t y  o f  medic seed present (kg per ha) dur ing grazing 
o f  pods a t  th ree  stacking ra tes  (4 ,7 ,  and 10 ewes per ha) 
f o r  a  per iod o f  10 weeks from 8 J u l y  t o  16 September. The 
ve r t i ca l  scale i s  reversed t o  f a c i l  i a t e  comparison w i t h  
Fig. 2.13. 

The d i f ferences i n  in take  o f  pods apparently a r ises  from t h e  

greater  ease o f  obta in ing them when there  are more present, and t h e  

reduced competi t ion among sheep a t  lower s tock ing ra te .  The l a t t e r  

would a lso  exp la in  t he  d i f ferent  in takes  from the  wheat stubble. 
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Fig. 2.15: I n d i v i d u a l  herbage i n t a k e  by ewes (kg )  i n  a  p e r i o d  o f  10 
weeks d u r i n g  which t h e y  grazed wheat res idues  (morning) 
and medic pods (a f te rnoon)  i n  s i t u  a t  t h r e e  s tock ing  r a t e s  
f rom J u l y  t o  September. 



I n d i  v idua l  1  i veweight g a i n  was consp icuous ly  g r e a t e r  a t  t h e  1  ow 

s tock ing  r a t e .  Nevertheless,  animal ouput per hec ta re  i nc reased  

w i t h  s tock ing  r a t e  (F ig .  2.16), a l though  t h i s  d i d  no t  cor respond t o  

t h e  r e s u l t s  f o r  p l a n t  m a t e r i a l  ha rves ted  (Fig.  2.17). Measurements 

o f  t h e  i n t a k e  o f  medic t r a s h ,  c u r r e n t l y  incomplete,  may e x p l a i n  t h e  

d i  screpancy. 

MEAT G A I N  
PER HECTARE 

I N D I V I D U A L  MEAT G A I N  

LOW MEDIUM H I G H  
4 10 

STOCKING RATE 

Fig. 2.16: Animal p r o d u c t i  v i t y :  t h e  inc rease  i n  1  i veweight (meat 
ga in )  per ha ( t o p )  and per i nd i  v i  dual ewe (bottom) g r a z i n g  
wheat r e s i d u e s  and medic pods f o r  10 weeks a t  t h r e e  
s t o c k i n g  r a t e s .  The small q u a n t i t y  o f  m i l k  produced has 
been i n c l  uded i n  terms o f  p o t e n t i a l  body g rowth  (<0.1 kg 
i n  each case). 
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Fig. 2.17: Q u a n t i t y  o f  herbage (kg)  ha rves ted  per hec ta re  by  ewes 
g r a z i n g  wheat res idues  and medic pods a t  t h r e e  s tock ing  
r a t e s  f rom J u l y  t o  September. 

Yield of  wheat and other crops 

Table 2.8 g i v e s  t h e  y i e l d  o f  wheat g r a i n  and straw. Wheat was 

grown i n  r o t a t i o n  a f t e r  medic, f a l l o w ,  melon, l e n t i l  o r  ve tch  i n  

1986. The r e s u l t s  quoted are  f o r  wheat which was sprayed once i n  

February f o r  t h e  c o n t r o l  o f  weeds ( i n c l u d i n g  medics),  and which 

e i t h e r  had no f e r t i l i z e r  n i t r o g e n  o r  r e c e i v e d  60 kg N per ha i n  two  

appl i c a t i  ons. 



Tdble 2.8. Relat ive y i e l d  of wheat gra in  and straw i n  1987 

following f i v e  a l t e r n a t i v e  types of land use i n  t h e  previous year. 

Results a r e  expressed r e l a t i v e  t o  those f o r  wheat receiving 

60 kg/ha f e r t i l i z e r  N growing on land which was previously 

fallowed (=  100%). 

Land use Wheat y i e l d  1987 

1986 - Grain - Straw 
+N -N +N -N 

Medic 6 1 5 7 55 46 

Fa1 1 ow =lo0 102 =lo0  100 

Me1 on 93 96 90 82 

Lentil 81 7 5 60 54 

Vetch 7 7 70 74 6 3 

100% = 2456 kg/ha 100% = 5474 kg/ha 

grain straw 

The y i e l d  of both grain and straw was higher a f t e r  fallow, and 

declined considerably where land had previously been used fo r  

pasture or crops. The r e s u l t s  quoted f o r  medic a r e  t h e  means fo r  

medic previously grazed by sheep a t  t h ree  stocking ra tes .  The 

1985186 pastures were i n  t h e i r  f i r s t  year and had a high incidence 

of volunteer ce rea l s  and 1 egumes resul t ing  from experiments 

conducted in  1985, and weeds were a l s o  abundant. There was a1 so  a 

problem with nematodes and the  r e s u l t s  cannot therefore  be regarded 

as  t yp ica l .  By cont ras t  when a dense, c lose ly  grazed regenerating 

medic pasture will i n  fu ture  be grazed continuously fo r  a complete 

season, i t  i s  expected t h a t  t he re  will  be a build-up of so i l  N t o  be 

t r ans fe r r ed  t o  t he  following year. The pa t te rn  of y i e l d s  quoted fo r  

t he  ea r ly  years  probably represents  an atypical  s i tua t ion .  



Table 2.9 g i v e s  t h e  y i e l d  o f  me1 on, l e n t i l  and ve tch  ( f a l l o w ,  o f  

course, y i e l d i n g  n o t h i n g ) ,  For l e n t i l  and vetch t h e r e  i s  a problem 

o f  l osses  d u r i n g  hand-harvest ing.  Values f o r  these  a r e  quoted i n  

Tab le  2.9. The r e s u l t s  w i l l  be used i n  economic analyses o f  t h e  

va r ious  r o t a t i o n s .  

Table 2.9. Y i e l d s  o f  melon, l e n t i l  and vetch i n  1987. For 

l e n t i l  and ve tch  t h e  y i e l d s  r e f e r  t o  t h e  s tand ing crop, a 

percentage o f  which l a y  on t h e  ground a f t e r  hand ha rves t ing  

(va lues  i n  b racke ts ) .  

Y i e l d  (kg/ha) 

SeedIFru i  t Straw and s tubb le  

* 
Me1 on 2810 

L e n t i l  2100 

(3 .9%)  

Vetch 2080 

(8.6%) 

Grazing behaviour 

A supplementary experiment us ing  t h e  same p l o t s  was conducted 

w i t h  t h e  o b j e c t i v e  o f  determin ing t h e  pre ference o f  g r a z i n g  sheep 

f o r  medics, ce rea ls ,  and weeds. 

A l though cho ice  o f  s tock ing  r a t e  i n f l u e n c e s  g r a z i n g  pressure 

which i n  t u r n  a f f e c t s  t h e  f requency and s e v e r i t y  o f  g raz ing ,  farmers  

have l i t t l e  c o n t r o l  over t h e  sheeps' g r a z i n g  pre ferences:  ewes and 

lambs a r e  f r e e  t o  choose among t h e  p l a n t  m a t e r i a l  a v a i l a b l e .  I t  i s  



important t o  know what they eat i n  order t o  assess the i r  influence 

on the plant population. There i s  also a need t o  control volunteer 

cereal s and weeds, the ideal being t h a t  sheep, through grazing, will 

change the population balance in favour of medic. 

Table 2.10 shows that  with increasing stocking ra te ,  greater 

percentages of cereal and weeds were grazed i n  March while they were 

s t i l l  growing: indeed half or more of these plants showed signs of 
grazing a t  the high stocking ra te ,  b u t  few were grazed a t  low 

stocking rate.  

Table 2.10. Percentage of plants of vol unteer wheat and weed 

species observed t o  have been grazed by l a t e  March, i n  medic 

pastures grazed continuously by ewes and lambs a t  three stocking 

rates.  

Stocking ra te  Vol unteer wheat Weed species 

High 

Medi um 

Low 

* 
Mai n l  y o f  Si napi s ,  Saponari a ,  Adoni s ,  A n t  hemi s, 

Sil ene, Tordyli um, Papaver, Anchusa and Galium. 

Sheep were admitted t o  the pastures briefly in mid May t o  see 

whether they would remove the weeds and vol unteers. However, as i s  

shown in Table 2.11, they were also attracted t o  the young medic 

pods and so i t  was considered better t o  allow the pods t o  mature 

without grazi ng . 



Table 2.11. Percentage o f  b i t e s  t a k e n  f r o m  va r ious  t y p e s  o f  

p l a n t  m a t e r i a l  by ewes g raz ing  a  medic pas tu re  i n  mid May 

(observa t ions  meaned f o r  3 s tock ing  r a t e s ) .  

- - -- - -- -- - 

Medic Medic Weeds Cereal Cereal U n i d e n t i f i e d  To ta l  

pods 1  eaves heads l e a v e s  

Time 

Fig. 2.18:Rate o f  g r a z i n g  (number o f  b i t e s  per hour)  o f  i n d i v i d u a l  
ewes taken  a t  random w i t h i n  a  f l o c k  o f  15 ewes on 13 May 
a t  s i x  t i m e s  d u r i n g  a  two-hour p e r i o d  (h is togram),  and t h e  
percentage o f  b i t e s  taken  on medic, vo lun tee r  wheat o r  
weed spec ies  (a  f u r t h e r  7% o f  b i t e s  were u n i d e n t i f i e d ,  and 
a r e  not  shown). 



The s e l e c t i o n  among species a l s o  v a r i e d  w i t h  t h e  g r a z i n g  t ime.  

For example, F ig .  2.18 i l l u s t r a t e s  how t h e  number o f  b i t e s  pe r  hour 

may f a l l  as  g r a z i n g  and r u m e n - f i l l  proceed: t h e  sheep changed 

toward  e a t i n g  l e s s  medic and more weeds. T h i s  s tudy was made a t  t h e  

low s t o c k i n g  r a t e .  

S p e c i a l i s a t i o n  by sheep i s  not  s imp ly  con f ined  t o  s e l e c t i o n  o f  

small s t r u c t u r e s  such as pods. Observat ions made i n  a nearby 

pasture ,  a few weeks e a r l i e r  , showed t h a t  t h e y  sometimes p r e f e r r e d  

t o  graze t h e  young t i p s  o f  medic shoots  i n  p re fe rence  t o  t a k i n g  a 

l a r g e r  mouthful  c o n s i s t i n g  o f  a major  p iece o f  shoot i .e. a 

branch ing system (Table  2.12). 

Table 2.12. Percentage o f  b i t e s  t a k e n  by sheep f rom medic and 

weeds when observed on a s i n g l e  occasion i n  l a t e  A p r i l  w h i l e  t h e y  

were g r a z i n g  a dense pasture.  Observat ions on t h e  de fo l  i a t i o n  o f  

weeds have been subd iv ided  i n t o  ' l o w '  g r a z i n g  o f  herbage near t o  

t h e  ground ( ' s h o r t ' )  and t h e  g r a z i n g  o f  e l e v a t e d  herbage ( ' t a l l  ' ) ,  

o f t e n  0.5 m o r  more above t h e  surface. 

Medic Weeds 

Shoot t i p s  Whole shoots Shor t  T a l l  To ta l  

The i m p l i c a t i o n s  t o  p r o d u c t i v i t y  o f  s e l e c t i v e  g raz ing ,  b o t h  

between and w i t h i n  species,  a r e  examined i n  Chapter 7. - A. S m i t h ,  

N. Nersoyan, M. TOUM, E. Thomson, and F. Bahhady 
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Exper inent  2.3: y i e l d  o f  wheat i n  s i x  r o t a t i o n s  a t  Tel  Hadya 

I n  1983184 an exper iment was e s t a b l i s h e d  t o  s tudy t h e  long- te rm 

e f f e c t  o f  pas tu re  and fo rage  crops on wheat y i e l d .  There were f i v e  

t rea tmen ts  i n i t i a l l y :  wheat a f t e r  c lean  f a l l  ow, wheat a f t e r  weedy 

f a l l o w ,  wheat a f t e r  medic, wheat a f t e r  wheat, and wheat a f t e r  a 

fo rage  m i x t u r e  compr is ing vetch and ba r ley .  There was a two-phase 

e n t r y  i n t o  t h e  experiment, bo th  crops i n  t h e  r o t a t i o n  being present 

each year.  

The v a r i e t i e s  used i n  t h e  exper iment were: Mexipak wheat, M, 
r i g i d u l a  s e l e c t i o n  1295, c o m o n  ve tch  s e l e c t i o n  2541, and Badia 

ba r ley ,  t h e  l a t t e r  be ing an equal m i x t u r e  w i t h  common vetch. I n  

1985/86 and 1986187 t h e  wheat a f t e r  medic p l o t s  were f u r t h e r  s p l i t  

i n t o  p l u s  weed c o n t r o l  and mi nus weed c o n t r o l  : p r e v i o u s l y  weeds had 

been c o n t r o l l e d  i n  t h e  whole p l o t .  

P l o t  s i z e  was 8 x 21 m, and were consequent ly t o o  smal l  f o r  

graz ing.  The exper iment was l a i d  ou t  i n  a randomized complete b lock  

des ign w i t h  t h r e e  rep1 i c a t e s .  S o i l  f e r t i l i t y  was monitored. The 

experiment r e c e i  ved superphosphate each y e a r ,  b u t  no n i t r o g e n  was 

appl i ed. 

Wheat y i e l d s  i n  t h e  f i n a l  t h r e e  years  o f  t h e  exper iment a r e  

shown i n  Table 2.13. I n  b o t h  1984/85 and 1986/87 wheat y i e l d  was 

h ighes t  a f t e r  medic - bu t  on ly  i f  weeds were c o n t r o l l e d .  I n  1985186 

wheat y i e l d e d  best  a f t e r  c lean f a l l o w ,  f o l l o w e d  by wheat a f t e r  medic 

and wheat a f t e r  t h e  fo rage  mix ture .  Wheat a f t e r  weedy f a l l  ow was 

o n l y  b e t t e r  t h a n  cont inuous wheat. 

It i s  c l e a r  t h a t ,  i n  c o n t r a s t  t o  exper iment 2.2 (see Table 2.8), 

wheat was best  a f t e r  medic. Weed c o n t r o l  i s  c l e a r l y  v i t a l  i f  t h e  



Tab le  2.13. Wheat y i e l d s  ( t  per ha) a t  Tel Hadya i n  s i x  

r o t a t i o n s  du r ing  1984/85, 1985/86, and 1986187. 

Wheat a f t e r  c lean  f a l l o w  1.98 1.70 1.08 

Wheat a f t e r  weed fa1 1 ow 1.39 0.95 0.75 

Wheat a f t e r  medic w i t h  weed c o n t r o l  2.48 1.26 1.44 

Wheat a f t e r  medic w i t h o u t  weed c o n t r o l  NA 0.94 0.80 

Wheat a f t e r  wheat 1.34 0.72 0.60 

Wheat a f t e r  ve tch  and b a r l e y  2.24 1.26 1.05 

R a i n f a l l  (m) 373 316 358 

b e n e f i t s  o f  medic a r e  t o  be expressed. An impor tan t  p o i n t  i n  t h i s  

exper iment i s  t h a t  no n i t r o g e n  was a p p l i e d  t o  t h e  wheat. Presumably 

had i t  been a p p l i e d  wheat a f t e r  f a l l o w  would have been a t  l e a s t  as 

good as wheat a f t e r  medic. - N. Nersoyan, A.E. Osnran, and P.S. 

Cocks 

Experiment 2.4: p r o d u c t i  Hty o f  rnedi c pas tu re  a t  Kami s h l  y , 
i n  north-east Syria (Preschedule L34) 

I n  October 1986 a c o l l  a b o r a t i  ve exper iment was i n i t i a t e d  w i t h  

t h e  L i v e s t o c k  Research D i v i s i o n  (LRD) o f  SMAAR w i t h  s i m i l a r  

o b j e c t i v e s  t o  exper iment 2.2. The exper iment i s  be ing conducted on 

t h e  LRD S t a t i o n  near Kamishly i n  n o r t h  eas t  S y r i a  a t  t h e  n o r t h e r n  

border  o f  A l -D jazerah r e g i o n  where, even though annual r a i n f a l l  i s  

about 500 mn, w h e a t l f a l l  ow and cont inuous wheat r o t a t i o n s  

predominate. The exper iment was e s t a b l i s h e d  on about 40 ha. 



The o b j e c t i v e  o f  t h e  work i s  t o  compare t h e  p r o d u c t i v i t y  o f  

wheatlmedic, wheat lve tch,  wheatlwheat and wheat / fa l  l o w  r o t a t i o n s ,  

and measure t h e  e f f e c t  o f  t h r e e  s tock ing  r a t e s  (5, 9, and 12 sheep 

per ha) on t h e  p r o d u c t i v i t y  o f  medics. The experiment d i f f e r s  f rom 

experiment 2.2 i n  t h a t  cont inuous wheat rep1 aces w h e a t - l e n t i l  s  and 

wheat-summer crop. A m i x t u r e  o f  M. r i g i d u l a  genotypes were sown i n  

November 1986. F l o c k s  o f  12 Awassi ewes were a l l o c a t e d  t o  t h e  

r e s p e c t i v e  pastures and sheep grazed t h e  medics b e f o r e  seed 

p roduc t ion  and t h e n  a g a i n  once seeds were mature. An impor tan t  

o b j e c t i v e  i s  t o  i n t r o d u c e  t h e  concepts o f  g r a z i n g  management t o  t h e  

s c i e n t i s t s  o f  SMAAR. It i s  i n  f a c t  an example o f  an a t tempt  t o  

t r a n s f e r  a method01 ogy t o  a NARS. 

The main a c t i v i t i e s  du r ing  t h e  f i r s t  year were estab l ishment  o f  

t h e  r o t a t i o n s  and sheep f l o c k s .  Y i e l d  data were no t  c o l l e c t e d ,  b u t  

seed s e t  o f  medics was s a t i s f a c t o r y ,  w i t h  about 300 t o  500 kg per ha 

be ing produced. Ewes on a l l  t rea tmen ts  ga ined 75 t o  90 g per day 

f rom March t o  June du r ing  which t i m e  t h e y  r e c e i v e d  a combinat ion o f  

concent ra tes ,  hay and medic pasture.  I n  e a r l y  June ewes were moved 

t o  medic res idues  t i l l  mid- September when s tock ing  r a t e  e f f e c t s  on 

t h e  ewes became apparent. L iveweight  ga ins  o f  ewes on t h e  low, 

medium and h i g h  s tock ing  r a t e s  were 55, 39 and 15 g per day, 

r e s p e c t i  vel  y. 

I n  1987-88 t h e  second phase o f  t h e  r o t a t i o n  w i l l  be e s t a b l i s h e d  

and more d e t a i l e d  m o n i t o r i n g  o f  pasture,  c r o p  and sheep p r o d u c t i v i t y  

w i l l  begin. Th is  p r o j e c t  shou ld  become a model o f  c o l l a b o r a t i o n  

between SMAAR and ICARDA i n  t h e  f i e l d  o f  sheep and pas tu re  

research. - F.A. Bahhady, E.F. Thomson. A. Swaid (LRD, SMAAR) 



Experiment 2.5: medics on fa rmer ' s  f i e l d s  - a d a p t a t i n g  

l e y  fa rm ing  t o  farming p r a c t i c e  i n  n o r t h e r n  S y r i a  

The o b j e c t i v e  o f  exper iment 2.5 i s  t o  i n t r o d u c e  t h e  concept o f  

l e y  farming t o  farmers  w i t h  t h e  v iew o f  t e s t i n g  i t s  impact on 

fa rm ing  systems and i d e n t i f y i n g  t h e  c o n s t r a i n t s  faced  by farmers. 

I n  a l l  our work c e r t a i n  assumtions a r e  made about t h e  management 

o f  l e y  farming and t h e  se l  f - r e g e n e r a t i n g  pastures t h e r e i n .  For 

example we expect farmers  t o  use a two-course r o t a t i o n  i n  which 

c e r e a l s  a l t e r n a t e  w i t h  grazed pasture.  We expect c u l t i v a t i o n  f o r  

t h e  cereal  t o  be t o  no g r e a t e r  depth  t h e n  lOcm, f o r  t h e  pas tu res  t o  

be set  stocked (con t inuous ly  grazed f o r  most o f  t h e  year ) ,  and t h e  

main products  t o  be meat and m i l k .  Without mdking these assumptions 

we would make no progress i n  deve lop ing t h e  system ( t h e  ph i losophy 

o f  on-farm exper imen ta t ion  i s  d iscussed f u l l y  i n  exper iment 2.6). 

However i t  i s  no t  ICARDA s c i e n t i s t s  who develop fa rm ing  systems, 

bu t  farmers. We t h e r e f o r e  expect west As ian and n o r t h  A f r i c a n  

ve rs ions  o f  l e y  farming t o  evo lve  i n  which t h e  assumptions we make 

may no l o n g e r  be v a l i d .  T h i s  e v o l u t i o n  w i l l  depend on many f a c t o r s ,  

b u t  most i m p o r t a n t l y  on t h e  farmers  themselves. We b e l i e v e  t h a t  t h e  

r o l e  o f  ICARDA i s  t o  i n t r o d u c e  concepts and, by work ing c l o s e l y  w i t h  

farmers,  so l  ve problems assoc ia ted  w i t h  imp1 ementat i  on. Accord ing ly  

a three-way c o l l a b o r a t i v e  p r o j e c t ,  i n v o l  v ing ICARDA, SMAAR, and 

1 oca l  farmers, has been es tab l  i s h e d  and i s  descr ibed be1 ow. 

I n  1984/85 we conducted a survey o f  farmers  a t  Tah, near Aleppo, 

w i t h  t h e  o b j e c t i v e  o f  e s t a b l i s h i n g  a socio-economic b a s i s  f o r  

i n t r o d u c i n g  l e y  farming, and sowed one ha of medic pastures (M. 
r i g i d u l a ,  1. polymorpha and 1. t r u n c a t u l a )  on each o f  s i x  f i e l d s .  

Local  machinery was used, and subsequent g raz ing  was c a r e f u l l y  

monitored. The p r o d u c t i v i t y  o f  sheep on t h e  o r i g i n a l  farm was 



measured, and c a r e f u l  assessment was aga in  made o f  herbage and seed 

product ion.  Several  small exper iments were e s t a b l i s h e d  t o  t e s t  

which o f  t h e  va r ious  medic species was bes t  adapted, measure t h e i r  

response t o  superphosphate, and determine t h e  need f o r  i n o c u l a t i o n  

w i t h  r h i z o b i a .  

I n  1985186, having exp la ined  t h e  concepts o f  l e y  farming, we 

gave t h e  o r i g i n a l  farmers t h e  cho ice  o f  sowing a  wheat c r o p  o r  

l e a v i n g  t h e  pas tu re  f o r  a  second year .  F i v e  chose t h e  former and 

one decided on a  second year  o f  pasture.  On t h e  f i v e  farms we s p l i t  

each f i e l d  i n t o  f o u r :  h a l f  o f  t h e  crops r e c e i v e d  n i t r o g e n  

f e r t i l i z e r ,  and h a l f  were sprayed t o  c o n t r o l  weeds t o  g i v e  a  t o t a l  

o f  f o u r  t reatments .  I n  a d d i t i o n  we imposed t h e  same t r e a t m e n t s  on 

c o n t r o l  crops: t h a t  i s  c rops which were sown i n  t h e  t r a d i t i o n a l  

manner, i n  r o t a t i o n  w i t h  watermelons, l e n t i l s ,  o r  cumin i n  t h i s  

v i l l a g e .  A l l  c rops were sown by t h e  farmers  us ing  machinery 

a v a i l a b l e  t o  them. 

A  f u r t h e r  f i v e  f i e l d s  were sown t o  medic i n  Tah i t s e l f  and i n  

two  ne ighbour i  ng v i l l a g e s ,  D e i r  Sharky, and Jar janaz.  Wi th  one 

excep t ion  (3 ha) these  f i e l d s  were one ha i n  area, t h e  same as t h e  

o r i g i n a l  f i e l d s .  A  f u r t h e r  two f i e l d s  were sown: one near Kamishly 

( i n  t h e  n o r t h  east  o f  S y r i a )  and one near I z r a a  ( i n  t h e  sou th ) :  b o t h  

these  f i e l d s  were approx imate ly  3  ha i n  area. A l l  f i e l d s  were sown 

a t  30 kg per ha o f  a  m i x t u r e  o f  medics i n c l u d i n g  y. r i g i d u l a  and E. 
r o t a t a .  

I n  1986/87 t h e  p r o j e c t  expanded s t i l l  f u r t h e r  (Table 2.14). The 

new f i e l d s  a r e  l a r g e r  t h a n  t h e  o r i g i n a l  one ha f i e l d s  because 

exper ience has t a u g h t  us  t h a t  t h e  small f i e l d s  cannot support  

f a rmers '  whole f l o c k s ,  and most farmers  p r e f e r  no t  t o  s p l i t  f l o c k s .  

To date  no farmer has dropped ou t  o f  t h e  p r o j e c t .  



Table 2.14. Expansion o f  on-farm medic between 1984185 and 

1986 /86 

Season Number o f  fa rmers  Area (ha)  

To ta l  

The o r i g i n a l  f i e l d s ,  on which t h e  p r o j e c t  was based, con t inued  

t o  be monitored, e s p e c i a l l y  i n  terms o f  l i v e s t o c k  product ion.  Seed 

popu la t i ons  o f  a l l  medic f i e l d s  were monitored, and g r a z i n g  days 

measured. Crop y i e l d s ,  bo th  a f t e r  medics and i n  t r a d i t i o n a l  

r o t a t i o n s ,  were recorded. Responses t o  phosphate and i n o c u l a t i o n  

were measured a t  s e l e c t e d  s i t e s ,  and a1 so t h e  seed p r o d u c t i o n  o f  

e i g h t  p o t e n t i a l l y  u s e f u l  species. 

Las t  season was t h e  f i r s t  which gave us t h e  o p p o r t u n i t y  t o  

measure t h e  performance o f  regenera t ing  pasture.  O f  t h e  f i v e  f i e l d s  

which grew i n  1985186, t h r e e  produced more t h a n  1000 medic seed l ings  

per ha a f t e r  t h e  November r a i n s  (Tab le  2.15), a f i g u r e  no rma l l y  

cons idered t o  p r o v i d e  p r o d u c t i v e  pas tu re  (Puckr idge and French 

1983). The pas tu re  on farms 3 and 5 were l e s s  s a t i s f a c t o r y  and 

r e f l e c t  over -graz ing i n  1984185, t h e  year  o f  sowing. Note t h a t  t h e  

owner o f  Farm 2 chose t o  have two  consecut ive  y e a r s  o f  medic: h i s  

f i e l d  was t h e r e f o r e  wheat i n  1986187. 

Herbage p r o d u c t i o n  and d i g e s t i b i l i t y  o f  pastures on Farm 1, 4, 

and 6 are  shown i n  F ig .  2.19. To ta l  herbage y i e l d s  ( o f  which 94% 

was medic) approached o r  exceeded 7 t per ha, o f  which 65% was t h e  



Table 2.15. Residual  seed i n  1985186 (kg per ha) and 
2 

regenera t ion  o f  medics i n  autumn 1986 (seed1 i ngs per m ) a f t e r  

a  cerea l  c rop i n  1985186. 

Farm Residual  seed i n  1985186 Seed1 i n g  number i n  1986187 

( 1  
Resown w i t h  20 kg per ha o f  seed. 

average d i g e s t i b i l i t y  throughout  t h e  growing season. Even t h e  

r e s i d u e s  were 50% d i g e s t i b l e  ( w i t h  12-15% p r o t e i n ) ,  p r e s e n t i n g  a  

d i e t  capable o f  m a i n t a i n i n g  o r  even i n c r e a s i n g  l i v e w e i g h t  o f  ewes. 

Annual s tock ing  r a t e s  were c a l c u l a t e d  by d i v i d i n g  t h e  number o f  

g r a z i n g  days by 365 and a r e  shown- i n  Table 2.16. Note t h a t  on Farms 

1, 4 ,  and 6 s t o c k i n g  r a t e s  exceeded 6 ewes per ha reach ing  near1 y 11 

per ha on Farm 6. S tock ing  r a t e  was approx imate ly  p r o p o r t i o n a l  t o  

seed l ing  number (Tab le  2.15), Farms 3 and 5  suppor t i ng  l e s s  t h a n  3 

sheep per ha. I n  Table 2.17 t h e  s t o c k i n g  r a t e s  o f  f i r s t  y e a r  

pas tu re  a r e  seen t o  be markedly l e s s  t h a n  f o r  r e g e n e r a t i n g  pasture ,  

except on Farms 16 and 18 which were aga in  severe ly  overgrazed. As 

w i t h  t h e  1984/85 sowings, between 20 and 40% o f  t h e  farmers  f a i l e d  

t o  r e a l i z e  t h a t  s h o r t  t e r m  p r o f i t  has a  l o n g  t e r m  cost .  

M i l k  p r o d u c t i o n  and l i v e w e i g h t  o f  ewes were measured i n  two  

f l o c k s ,  t h e  f i r s t  g r a z i n g  medic pasture ,  t h e  second g r a z i n g  n a t i v e  

pas tu re  supplemented w i t h  g r a i n  and straw. Bo th  m i l k  p r o d u c t i o n  and 



Table 2.16. Graz i  ng p rov ided  by r e g e n e r a t i  ng medic pas tu re  

(ewes per ha per y e a r )  and seed set  a f t e r  g raz ing  (kg per ha) ,  

sown i n  1984/85 a f t e r  wheat i n  1985/86. 

Farm S tock ing  r a t e  New seed 

(1)  
Second year  pas tu re  - t h e  remain ing farms were r e g e n e r a t i n g  

( 2 )  
a f t e r  cerea l .  

not  measured 

Table 2.17. Graz ing p rov ided  by f i r s t  yea r  pasture ,  sown i n  

1986/87 (ewes per ha per y e a r )  and seed s e t  a f t e r  g r a z i n g  

(kg per ha). 

Seed s e t  
\ l I  

Farm S tock ing  r a t e  

(1)  
Measured t o  4 cm depth  on ly .  
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Fig. 2.19:(a) Cumulative y i e ld  of medic pasture on Farm 1 (open 
c i r c l e s ) ,  4 (squares) and 6 (closed c i r c l e s )  with t ime,  
and (b )  change in i n  v i t r o  d i g e s t i b i l i t y  ( I V D D M )  of 
pasture on the  same four farms. 

liveweight were higher on t h e  f lock grazing medic, a r e s u l t  

consistent  with e a r l i e r  years  (Fig.  2.20). Total milk production 

from medic was 1700 kg per ha: a t  7 Syrian pounds (SL) per ha the  

farmer 's  re turn  from milk was 11900 SL per ha. I t  should be pointed 

out t h a t  t h e  land on which these measurements were taken was poor, 

being highly calcareous and with marked slope and barely su i t ab l e  

fo r  arable agr icu l ture .  

On s l i gh t ly  be t te r  land t h e  y i e l d  of wheat a f t e r  medic pasture 

was compared with t h e  y i e l d  of wheat a f t e r  t h e  farmers'  chosen 



1 Anr ' Jan 
Date 

Fig. 2.20:(a) Change i n  liveweight and ( b )  cumulative milk yield of 
ewes grazing medic pasture (closed ci rc les)  a n d  fed using 
tradit ional feedstaffs and grazing (open ci rc les) .  

alternatives: watermelons, l en t i l s ,  barley, and cumin. The resu l t s  

(Table 2.18) show that yields were higher a f te r  medic, regardless of 

whether or not weeds were controlled, and whether or not nitrogen 

was applied. There was also a weak response t o  weed control, b u t  no 

response t o  nitrogen. These resul ts  support those of the  previous 

year, except tha t ,  in the ear l i e r  year, wheat i n  the control 

rotations responded t o  nitrogen. 



Table 2.18. Comparison o f  wheat y i e l d s  sown a f t e r  medics and i n  

t r a d i t i o n a l  r o t a t i o n s  (kg per ha). 

No n i t r o g e n  N i t r o g e n  

No h e r b i c i d e  

A f t e r  medic 

A f t e r  c o n t r o l  

Her b i  c i  de 

A f t e r  medic 

A f t e r  c o n t r o l  

The r e s u l t s  on wheat y i e l d s  should  be t r e a t e d  w i t h  caut ion.  I n  

more c l o s e l y  c o n t r o l  l e d  exper iments a t  ICARDA headquarters (eg 

experiment 2.2), wheat y i e l d s  a f t e r  medic have tended t o  be lower  

t h a n  most o f  t h e  a l t e r n a t i v e  crops (but  see exper iment 2.3). The 

reasons a r e  obscure, bu t  i t  i s  p o s s i b l e  t h a t  farmers a r e  a b l e  t o  

adapt t h e i r  management a f t e r  medic b e t t e r  t h a n  s c i e n t i s t s  who a r e  

c o n s t r a i n e d  by the  r i g i d  c o n d i t i o n s  imposed by exper imenta l  designs. 

I n  any event t h e  mat te r  i s  being f u r t h e r  i n v e s t i g a t e d  a t  Tel Hadya. 

As i n  p rev ious  years  s e l e c t e d  medic ecotypes were compared a t  

f o u r  o f  t h e  farms. Th is  year  M. s c u t e l l a t a  cv. Robinson produced 

t h e  h ighes t  amounts o f  seed, and, among t h e  s i x  best  ecotypes was 

another  A u s t r a l i a n  c u l t i v a r ,  M. t r u n c a t u l l a  cv. Cyprus (Tab le  2.19). 

Both these c u l t i v a r s  a r e  ex t remely  s e n s i t i v e  t o  f r o s t  (Cocks and 

Ehrman 1987) and t h e i r  success r e f l e c t e d  t h e  r e l a t i v e l y  m i l d  w i n t e r  

o f  1986187. 



Table  2.19. Seed y i e l d s  (kg per ha) o f  14 medic access ions on 

fa rmers '  f i e l  ds (mean o f  four 1 o c a t i  ons) . 

M. s c u t e l l a t a  cv. Robinson - 
M. acu lea ta  se l .  2008 - 
M. t r u n c a t u l a  cv. Cyprus - 
M. r o t a t a  s e l .  2119 - -  
M. r i g i d u l a  ~ e l .  716 - 
M. r o t a t a  se l .  2116 - -  
M. t r u n c a t u l a  cv. Jemal ong - 
M. r i g i d u l a  sel  . 1865 - 
M. r o t a t a  s e l .  1943 - -  
M. r o t a t a  ~ e l .  2123 - -  
M. r i g i d u l a  ~ e l .  1900 - 
M. r i g i d u l a  se l .  1868 - 
M. noeana s e l .  2125 - -  
M. noeana ~ e l .  2124 - -  

Th is  work w i l l  con t inue  unchanged i n  1987/88. A t  t h e  end o f  t h e  

season t h e  r e s u l t s  w i l l  be examined f o r  t h e  f o u r  yea rs  of t h e  

p r o j e c t  and sub jec ted  t o  economic a n a l y s i s .  - H. Satmy, 8. Malawi 

(SMAR). P.S. Cocks, and S. M u l l e r  ( U n i v e r s i t y  o f  Hohenhiem) 

Experiment 2.6: on-farm exper iments  w i t h  f o r a g e  

leglrnes - s i x  y e a r s  o f  r e s u l t s  f r o m  Breda 

(Preschedul e L9) 

The o b j e c t i v e s  o f  exper iment 2.6 were f i r s t l y  t o  measure t h e  

e f f e c t ,  on who1 e-farm p r o d u c t i v i t y ,  o f  rep1 ac ing  fa1 1 ows w i t h  common 

ve tch  and common c h i  c k l  i n g ,  secondly t o  measure, on fa rmers '  f i e l  ds, 



t h e  growth r a t e  o f  lambs and m i l k  p r o d u c t i o n  o f  ewes g r a z i n g  ve tch  

and c h i c k l i n g  i n  sp r ing ,  and t h j r d l y ,  t o  compare t h e  r e t u r n s  f rom 

g r a z i n g  t h e  forage legumes w i t h  those f rom seed and s t raw when t h e  

crops a r e  harvested by farmers  a t  t h e  mature stage. 

On-s ta t i on  research  t o  r e p l a c e  fa1 lows w i t h  forage 1  egumes has 

been a  major t h r u s t  o f  ICARDA s ince  i t  was e s t a b l i s h e d  i n  1977. It 

soon seemed i m p o r t a n t  t o  beg'n research  on farmers '  f i e 1  ds i n  o rde r  

t o  i d e n t i f y  weaknesses i n  t h e  technology not apparent o n - s t a t i o n .  

As w i l l  be seen t h i s  proved t o  be t h e  case. 

The degree o f  involvement o f  fa rmers  can vary f rom l i t t l e  t o  

complete and t h e  terms 'sc ient is t -managed '  t h r o u g h  t o  

' farmer-managed' cover t h e  spectrum. Our on-farm research  s t a r t e d  

as ' sc ien t i s t -managed ' ,  bu t ,  as p l o t  s i z e s  increased,  farmers  became 

i n c r e a s i n g l y  i n v o l v e d  i n  t h e  management. However, even a t  t h e  

beg inn ing,  fa rmers '  used t h e i r  own t r a c t o r s  and c u l t i v a t o r s  t o  

prepare and sow t h e  land.  Farmers were a l s o  r e s p o n s i b l e  f o r  l a b o u r  

and supp l ied  t h e  sheep. 

Before t h e  exper iments s t a r t e d  t h e  farmers  were i n t e r v i e w e d  t o  

ge t  background i n f o r m a t i o n  about t h e  way they  f e d  and managed t h e i r  

f l o c k s ,  farm and f l o c k  s i ze ,  and c rop  r o t a t i o n s .  At t h e  conc lus ion,  

open-ended d i s c u s s i o n s  were h e l d  t o  g e t  t h e i r  views about fo rages  

and t h e  c o n s t r a i n t s  t h e y  saw t o  sowing fo rage  crops. 

I n c e n t i v e s  were used as l i t t l e  as poss ib le ,  t o  ensure t h a t  t h e  

farmers  c o l l a b o r a t e d  because o f  t h e i r  i n t e r e s t  i n  t h e  new 

techno1 ogy, and i t s  p o t e n t i a l  b e n e f i t s  t o  them. Farmers r e c e i v e d  

f rom ICARDA seed, phosphat ic  f e r t i l i z e r s ,  100 kg o f  wheat a t  t h e  end 

o f  each season, and medic ines f o r  sheep. As t i m e  passed farmers  

i n c r e a s i n g l y  p a i d  t h e  c o s t s  o f  sowing and harvest ing.  

The p r o j e c t  s t a r t e d  j n  October 1981 a t  Breda, 30 km south-east 



o f  Aleppo i n  t h e  hear t  o f  t h e  b a r l e y / l i v e s t o c k  zone o f  n o r t h  Sy r ia .  

Ba r ley  i s  grown e i t h e r  con t inuous ly  on t h e  more f e r t i l e  s o i l s ,  o r  

a l t e r n a t i n g  w i t h  f a l l o w  on t h e  poorer s tony s o i l s .  The 

c h a r a c t e r i s t i c s  o f  t h e  Breda area ( r a i  n f a l l  250-300 nun) have been 

desc r ibed  by Maerts (1987). The p r o j e c t  has now completed s i x  

c ropp ing  seasons and w i l l  end once t h e  f i n a l  b a r l e y  crops a r e  

sampled i n  June 1988. 

I n  November 1981 common vetch and peas were sown ( w i t h  50 kg per 

ha o f  P 0 ) i n  10 X 10 m p l o t s  on one fa rm a t  each o f  two  l o c a t i o n s .  
2  5 

Because t h e  seed r a t e  (80 kg pe r  ha) was t o o  l o w  f o r  hand 

broadcast ing,  d r y  ma t te r  y i e l d s  were l o w  (Table 2.20). I n  t h e  

second year t h e  same forages were sown a t  two  s i t e s  a t  D e i r  Qaaq, a  

s i m i l a r  area n o r t h  o f  Aleppo, and f o u r  s i t e s  a t  Breda. I n  t h i s  yea r  

phosphate was a p p l i e d  t o  o n l y  h a l f  t h e  p l o t  area, t h e  remainder 

r e c e i v i n g  no P i n  accordance w i t h  farmer p rac t i ce .  Because seed was 

sown a t  160 kg per ha, dry-mat ter  y i e l d s  were much h igher  t h a n  i n  

t h e  p rev ious  year  (Tab le  2.20). A t  one s i t e  i n  1981/82 p l o t  area 
2 

was inc reased  t o  1500 m so t h a t  lambs cou ld  graze t h e  crops 

(Thomson, 1984). The second y e a r ' s  t r i a l s ,  as w e l l  as g i v i n g  t h e  

s c i e n t i s t s  t h e i r  f i r s t  exper ience o f  on-farm g r a z i n g  exper iments,  

s u b s t a n t i a t e d  o the r  evidence t h a t  peas a r e  unpa la tab le  (see 

exper iment 2.8). 

I n  1983/84 t h e  research  was expanded w i t h  severa l  m o d i f i c a t i o n s .  

F i r s t l y ,  p l o t  s i z e s  were inc reased  t o  between 0.7 and 1.0 ha t o  

f a c i l i t a t e  graz ing,  secondly, because farmers  had grown it i n  t h e  

past,  common c h i c k l i n g  was in t roduced ,  and, a f t e r  1984, peas were 

excluded, and t h i r d l y ,  because farmers  expressed concern about it, 

f a l l o w  s t r i p s  were l e f t  t o  make i t p o s s i b l e  t o  compare t h e  e f f e c t  o f  

f o rages  w i t h  t h a t  o f  f a l l o w  on t h e  subsequent ba r ley .  F i n a l l y ,  

farmers were g i v e n  t h e  o p t i o n  o f  us ing  t h e  fo rages  f o r  graz ing,  

a1 low ing  them t o  mature t o  be ha rves ted  f o r  seed and s t raw,  o r  

making hay. The ques t ion  o f  whether t o  graze t h e  green crops t o  

f a t t e n  lambs o r  t o  m i l k  t h e  ewes was a l s o  g i v e n  a t t e n t i o n .  



Table 2-20. Dry mat ter  y f e l  ds (kg per ha) o f  common vetch and 

c h i c k l i n g  vetch harvested before  graz;ng i n  A p r i l ,  w i t h  (+P) and 

w i t h o u t  (-P) t h e  a p p l i c a t i o n  o f  50 k g  P 0 per ha. 
2 5 

Common Vetch Chi c k l  i ng R a i n f a l l  

No. o f  (mml 

Year farms -P + P -P  +P 

1 

2 
Peas. 

Dur ing 1985-86 t h e  P O  t rea tmen t  was exc luded a t  s i x  o f  t h e  s i t e s  

and i n c l u d e d  a t  t h e  remaining f o u r  s;tes: y i e l d s  are  g j v e n  

separate1 y. 

The exper iments cont inued i n  t h i s  form f o r  f o u r  seasons (1983/84 

t o  1986/87) w i t h  r e s u l t s  f rom b o t h  t h e  fo rage  and b a r l e y  phases o f  

t h e  r o t a t i o n s  being gathered each year .  S o i l  samples were taken  a t  

t h e  end o f  t h e  fo rage  phase and w i l l  be t a k e n  a f t e r  t h e  f i n a l  b a r l e y  

crops a r e  harvested i n  1988. More d e t a i l s  about procedures a r e  

r e p o r t e d  by T u l l  y ,  Thomson, Jauber t  and Nordbl om, (1985). 

I n  1984/85 and 1985/86 we cons idered i t  necessary t o  fence t h e  

p l o t s  used f o r  g raz ing ,  but  i n  1986/87 we r e v e r t e d  t o  no fenc ing  

(Thomson & d. 1985). One o f  t h e  problems we b e l i e v e d  would be 

1 i m i t i  ng, t h a t  ne ighbour i  ng f l o c k s  mjght  graze our p l o t s ,  proved 



unfounded, provided tha t  they were sown near the  farm house. A 

"boundary fence" o f  bar ley was used i n  t he  i n i t i a l  years o f  t he  

pro jec t  but dropped a f t e r  1983184. 

Agronay results 

Hay yields: y i e l d s  from comon vetch and ch i ck l i ng  are shown i n  

Table 2.20. There was considerable year-to-year var ia t ion ,  not 

e n t i r e l y  associated w i t h  r a i n f a l l .  Peas tended t o  y i e l d  more than 

comon vetch, and vetch tended t o  y i e l d  more than ch ick l ing .  Low 

y i e l d s  i n  1983/84 were due t o  be1 ow average r a i n f a l l  (204 mn versus 

an average o f  280 m). 

Hay y i e l d s  were so low tha t  hay product ion would appear t o  be 

uneconomic. There i s  a1 so the  problem t h a t  no seed can be harvested 

f o r  t he  coming season. 

Grain and straw yields: harvest ing f o r  seed and straw appeared t o  be 

a most a t t r a c t i v e  opt ion, i n  s p i t e  o f  t h e  problem o f  f i nd ing  labour 

a t  harvest time. For t h i s  reason farmers pre fer red  t o  l i m i t  t he  

area o f  forage t o  l e s s  than 2 ha, which could be harvested by 

member's o f  t he  fami ly .  The other major advantage o f  g r a i n  and straw 

i s  t h a t  t o t a l  d ry  matter i s  higher than i f  harvested as hay 

(experiment 4.9), seed i s  provided f o r  t h e  next season, and t h e  

straw and surplus g r a i n  provide good feed f o r  autumn and winter .  

Chick l ing always y i e l d e d  more g r a i n  than vetch, whether or not 

phosphate was appl ied (Table 2.21). This immediately puts chi  c k l i n g  

a t  an economic advantage over vetch and ind ica tes  a l so  t h a t  

ch i ck l i ng  may be be t te r  adapted t o  t he  p reva i l i ng  poor so i l s .  It 

may a lso  be t h a t  ch i ck l i ng  f i x e s  more n i t rogen,  which could be an 

a t t r i b u t e  o f  t h e  species per se, or be a r e s u l t  of be t t e r  

nodul a t  i on. 



Table 2.21. Seed and s t raw y i e l d s  (kg per ha) o f  common ve tch  

and c h i c k l i n g  harvested a t  m a t u r i t y ,  w i t h  (+P) and w i t h o u t  (-P) 

t h e  a p p l i c a t i o n  o f  50 kg P 0 per ha. 
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Common Vetch Chi c k l  i ng 

Year 

-P +P - P + P 

Seed y i e l d  
1 

1984 - 85 ( 8 ) 2  35 1 659 734 975 

1985 - 86 ( 2 )  82 242 306 555 

1985 - 86 (9 )  - 574 - 895 

1986 - 87 ( ) 239 330 385 477 

St raw y i e l d  

1984 - 85 906 1404 810 888 

1985 - 86 1276 2106 1416 2283 

1985 - 86 - 1268 - 1413 

1986 - 87 608 857 670 1009 

1 
Number o f  farms. 

2 
See Table 2.20, note  2. 

There seemed t o  be l i t t l e  d i f f e r e n c e  i n  s t raw y i e l d s  between t h e  

two  species. We a l s o  know t h a t  s t raw q u a l i t y  i s  s i m i l a r  (exper iment 

4.9). However, fa rmers  r e p o r t  t h a t  i t  i s  e a s i e r  t o  harvest  

c h i c k l i  ng t h a n  vetch. 

Barley grain and straw yields: as we mentioned p r e v i o u s l y  farmers  

were i n i t i a l l y  concerned about us ing  f a l l o w s  t o  grow fo rages  because 

t h e y  fea red  t h a t  b a r l e y  y i e l d s  would be reduced. I n  t h e  case o f  

bar1 ey f o l l o w i n g  u n f e r t i l i z e d  fo rage  crops t h e r e  were small 



r e d u c t i o n s  i n  y i e l d  ( r a r e l y  s i g n i f i c a n t ) ,  b u t  where b a r l e y  f o l l o w e d  

f e r t i l i z e d  forage crops y i e l d s  were s u b s t a n t i a l l y  h igher :  27% i n  t h e  

case o f  seed y i e l d  and 31% i n  t h e  case o f  s t raw y i e l d  (Tab le  2.22). 

Y i e l d s  a f t e r  c h i c k l i n g  were h igher  t h a n  a f t e r  vetch,  whether o r  not  

phosphate was app l i ed .  A1 though not  a1 ways s t a t i s t i c a l l y  

s i g n i f i c a n t ,  i f  r e a l  these d i f f e r e n c e s  a r e  r e l e v a n t  t o  t h e  farmer i n  

terms o f  p r o f i t s :  a  d i f f e r e n c e  o f  200 t o  300 kg i n  s t raw y i e l d  a lone 

would more t h a n  cover t h e  cost o f  t h e  phosphate f e r t i l i z e r .  

Table 2.22. Y i e l d s  (kg per ha) o f  b a r l e y  g r a i n  and s t raw i n  t h e  

year  a f t e r  f a l l o w  (F) o r  o f  growing common vetch (V) and c h i c k l i n g  

(C), w i t h  (+P) o r  w i t h o u t  ( - P )  50 k g  P  0  per ha. 
2  5  

Preceding crop 

Year 

(P<0.5) 

F V - P  V + P  C - P  C + P  

Seed y i e l d  
1 

1984 - 85 (4) 693 546 803 653 85 7  

1985 - 86 ( 9 )  835 819 1129 978 1325 

1986 - 87 (3) 971 719 1186 643 1039 

St raw y i e l d  

1984 - 85 

1984 - 85 (4)  - - - - - 
1985 - 86 (9)  1049 1034 1364 1133 1426 

1986 - 87 (3)  1381 1137 1621 1245 1958 

1 
Number o f  farms. 



Sheep r e s u l t s  

Lamb fattening: fa t ten ing  appeared t o  be more a t t r a c t i v e  t o  farmers 

than the grazing of l ac t a t ing  ewes, f i r s t l y ,  because farmers want t o  

wean lambs ea r ly  so t h a t  they can se l l  more milk, secondly, because 

they need t o  f i n i s h  lambs before summer, and t h i r d l y ,  because 

communal grazing, e i t h e r  near the v i l lage  or i n  t h e  steppe, provides 

feed for  ewes a t  no apparent cost .  Even though forage y i e lds  were 

low i n  April fa t ten ing  lambs was prof i tab le  ( P F L P  Program Report, 

1986, page 70) ,  but ,  t o  achieve reasonable livewejght gains farmers 

were feeding 400 t o  7009 per day per lamb of a barley-concentrate 

ra t ion .  The forages were grazed for  about 30 days a t  stocking r a t e s  

of 20 t o  30 lambs per ha. 

M i l k  p-oduction from forages: most ewes were i n  mid- t o  l a t e -  

l a c t a t i o n  when the  forages were grazed in  April. T h u s  milk y i e lds  

were r e l a t ive ly  low - i n  the range of 400 t o  600 g per day, s imilar  

t o  t h a t  on native pasture - and unl 'kely t o  respond t o  good qual i ty  

pasture (Thomson a. 1985). However the observed 1 i veweight gain 

of ewes while grazjng i s  of value because !t allows the  ewes t o  
recover from the  s t r e s s  of early l ac t a t ign  and thereby enhance the  

chances of conception (Thomson and Bahhady, unpublished da t a ) .  We 

believe t h a t  lamb fa t ten ing  will be t h e  more appropriate method of 

using forage crops while, for  l ac t a t ing  ewes ned'cs, with a longer 

period avai lab le  for  grazing, will be preferred.  

A t  t he  end of t he  project f i ve  of t h e  farmers were interviewed. 

They were no longer concerned about t he  negative e f f e c t s  of forages 

on barley, and appreciated the 'mportance of phosphate on both the  

forage crop and i t s  residual e f f ec t  on barley. However, they have 

d i f f i c u l t y  finding cash t o  buy t h e  f e r t i l i z e r  and the  price and 

a v a i l a b i l i t y  of seeds were seen a s  cons t ra in ts .  

Those farmers who had harvested seed i n  June 1987 were wil l ing 



t o  con t inue  growing forages. However i f ,  f o r  any reason, t h e y  c o u l d  

no t  harvest  t h e i r  own seed they  s t a t e d  t h a t  t h e y  c o u l d  not  a f f o r d  t o  

buy more seed. They d e f i n i t e l y  p r e f e r r e d  t h e  mature c rop  o p t i o n  t o  

g raz ing  because i t  produces seed and straw, and s t a t e d  t h a t  t h e y  

would o n l y  grow fo rages  on l a n d  t h a t  produced p r o f i t a b l e  y i e l d s .  

T h e i r  comnents r e - i  n f o r c e  PFLP's concern about t h e  a v a i l  ab i  1  i t y  and 

p r i c e  o f  t h e  seed o f  pastures and forages. - E.F. Thomson, M. Oglah 

(Farm Resource Management Program) 

Experiment 2.7: on-farm f o r a g e  and g r a z i n g  t r i a l s  

a t  E l  Bab (Preschedule L24) 

The o b j e c t i v e s  o f  exper iment 2.7 were f i r s t l y  t o  t e s t  t h e  

r e s u l t s  o f  exper iment 2.6 i n  a h igher  r a i n f a l l  environment where 

deep and sha l l ow  s o i l s  can be compared, secondly t o  s imu l taneous ly  

i n t r o d u c e  b o t h  fo rage  and pasture  legumes t o  farmers,  and t h i r d l y  t o  

assess fa rmers '  r e a c t i o n s  t o  fo rage  and pas tu re  legumes and t o  

o b t a i n  feedback f rom farmers  as t o  t h e i r  most a p p r o p r i a t e  use. 

Only minor changes t o  t h e  approach used a t  Breda (exper iment 

2.6) were made i n  t h e  des ign o f  exper iment 2.7. Most impor tan t  was 

t o  i n v o l v e  SMAAR, l a c k  o f  which was a  major weakness o f  t h e  Breda 

research. A  second was t o  app ly  phosphate f e r t i l i z e r  t o  t h e  b a r l e y  

depending on t h e  phosphate s t a t u s  o f  t h e  s o i l ,  r a t h e r  t h a n  i n c l u d i n g  

phosphate as a  t rea tmen t .  T h i r d l y  n i t r o g e n  i s  be ing a p p l i e d  t o  h a l f  

o f  t h e  b a r l e y  c rop  t o  measure t h e  r e s i d u a l  e f f e c t  o f  t h e  forages.  

The exper iments a r e  r e p l i c a t e d  on s i x  farms, two on deep s o i l s  

o f  t h e  v a l l e y  bottom, two on sha l l ow  s o i l s ,  and two on i n t e r m e d i a t e  

s o i l s .  Before  sowing i n  November 1986, s o i l s  were ana lysed f o r  P  

and gross d i f f e r e n c e s  between s i t e s  e l i m i n a t e d  by a p p l y i n g  



f e r t i l i z e r .  Each s i t e  covers about 2  ha, and !s  d i v i d e d  i n t o  two  

areas separated by 10 m o f  f a l l o w  land.  The two  areas a r e  s p l i t  and 

common vetch and c h i c k l i n g  sown i n  each s t r i p .  One 10 X 10 m medic 

p l o t ,  w i t h  10 x  10 m b a r l e y  p l o t s  on each s ide ,  i s  nes ted  i n  t h e  

f a l l o w  s t r i p .  The t rea tmen ts  a r e  t h e r e f o r e  common vetch ( V ) ,  

c h i c k l i n g  ( C ) ,  medic (M)  and f a l l o w  ( F )  i n  r o t a t i o n  w i t h  b a r l e y ,  and 

cont inuous b a r l e y  (0) .  An ad jacent  2  ha p iece  o f  l a n d  ! s  sown t o  

b a r l e y  and completes t h e  second phase o f  t h e  r o t a t i o n .  A t  one s i t e  

2  ha medic was sown on deep s o i l .  

Small areas o f  c rops were sampled a t  t h e  hay s tage (50% 

f l o w e r i n g ) ,  and o t h e r  areas sampled a t  t h e  mature stage t o  es t ima te  

g r a i n  and s t raw y i e l d s .  A t  t h r e e  s i t e s ,  i n c l u d i n g  t h e  two w i t h  deep 

s o i l ,  t h e  crops were harvested f o r  g r a i n  and straw, and on t h r e e  

farms, s t a r t i n g  i n  e a r l y  Apr:l lambs grazed t h e  forages. 

As expected, a t  t h e  s t a r t  o f  g raz ing ,  t h e r e  was more ve tch  (1170 

kg per ha) t h a n  c h i c k l i n g  (920 kg per ha) and b a r l e y  (520 kg per 

ha). Standing biomass o f  mature crops were h i g h  (Tab le  2.23), 

ma in l y  due t o  t h e  h i g h  y i e l d  o f  s t raw,  which was s l i g h t l y  h igher  f o r  

ve tch  then  f o r  ch ick1 i n g  (NS). St raw y i e l d s  a r e  about 40% h igher  

t h a n  they  were a t  Breda but t h e  y i e l d  o f  g r a i n  f rom c h i c k l i n g  was 

o n l y  66% t h a t  a t  Breda, and below t h a t  o f  common ve tch  a t  E l  Bab 

(NS) t h e  d i f f e r e n t  r e l a t i v e  y i e l d s  o f  t h e  two  species p o s s i b l y  being 

due t o  t h e  s l i g h t l y  h igher  r a i n f a l l  a t  El Bab (260 mm and 245 n a t  

E l  Bab and Breda r e s p e c t i v e l y  i n  1986/87). Biomass o f  b a r l e y  was 

cons ide rab ly  more t h a n  t h a t  o f  t h e  forages. Except on one fa rm pod 

p roduc t ion  o f  medics was low, p robab ly  due t o  poor es tab l ishment .  

The ad jacent  b a r l e y  crop, t o  be used f o r  forages i n  t h e  coming 

season, responded s l i g h t l y  t o  n i t r o g e n  (NS), mos t l y  i n  t h e  s t raw 

(NS) (Tab le  2.24). 



Table 2.23. Straw and seed y i e l d s  (kg per ha) f o r  common ve tch  

and c h i c k l i n g  grown on f a l l o w  land. Values i n  pa ren thes is  a r e  

b a r l e y  y i e l d s  (kg per ha) i n  10 X 10 m  p l o t s  nested between t h e  

fo rage  crops. 

Common 
1 

SEM' ( ~ a r l e y ) ~  

vetch C h i c k l i  ng 

St raw y i  e l  d  1992 1789 65.9 ns (3461) 

Seed y i  e l  d 663 589 30.5 ns (1641) 

To ta l  2656 2379 90.4 ns (5103) 

1 
30-50 kg per ha P 0 a p p l i e d  t o  b o t h  1  egumes depending on 

2 5  
content  o f  01 sen-P i n  t h e  s o i l  b e f o r e  sowing. 

2  
No n i t r o g e n  app l i ed ,  o n l y  P 0 . 

3  2  5  

4  
Standard E r r o r  o f  Mean. 

S i g n i f i c a n c e .  

1 
Table 2.24. Y i e l d s  (kg per ha) o f  b a r l e y  crops , w i t h  and 

w i t h o u t  ammonium phosphate as a  s p r i n g  dress ing.  

L J - N  + N  S.E. Sign. 

Straw y i e l d  

Seed y i e l  d  

To ta l  

1 
Forages w i l l  be sown on t h i s  l a n d  i n  1987-88. 

2  
Standard E r r o r  

3  
S i g n i f i c a n c e :  * = P<0.05; ns = not  s i g n i f i c a n t .  



On t h e  t h r e e  farms where t h e  fo rages  were grazed, ga ins  !n lamb 

l i v e w e i g h t  over 30 t o  35 days ranged f rom 130 t o  290 g  per day, t h e  

farmers  o f f e r i n g  about 300 g  b a r l e y  g r a i n  per day i n  a d d i t i o n  t o  t h e  

graz ing.  At 30 lambs per ha, l i v e w e i g h t  g a i n  was between 100 and 

300 kg per ha, and even a t  t h e  lower  r a t e  o f  g a i n  t h e  v a r i a b l e  c o s t s  

of p roduc t ion  would be covered by revenue. 

The r e s u l t s  a r e  encouraging. They i n d i c a t e  t h a t  fo rages  can be 

p r o f i t a b l y  grown even on poor l a n d ,  whether u t i l i z e d  as seed o r  

s t raw o r  as g r a z i n g  f o r  lambs. The successful  es tab l ishment  o f  

medic on t h e  one farm i s  a l s o  encouraging. - F.A. Bahhady and E.F. 

Thomson 

Experiment 2.8: screening of forage peas fo r  

palatability (Preschedul e L30) 

The o b j e c t i v e  o f  experiment 2.8 was t o  assess t h e  p a l a t a b i l i t y  

o f  f o rage  peas a t  t h e  pre-bud s tage o f  development and compare i t 

w i t h  t h a t  o f  common vetch and wool lypod vetch. 

Compared w i t h  common vetch t h e  low  p a l a t a b i l i t y  o f  t h e  l o c a l  

v a r i e t y  o f  pea (access ion 205) has been c l e a r l y  e s t a b l i s h e d  

(Thomson, R i  hawi and Nersoyan, unpubl ished data). S ince t h i s  pea 

becomes more p a l a t a b l e  as i t  matures, i t  suggests t h a t  t h e  

a n t i - p a l a t a b i l i t y  f a c t o r  decreases w i t h  t ime. Th is  c o n t r a s t s  w i t h  

t h e  usual decrease i n  V F I  as herbage becomes more f i b r o u s  and lower  

i n  p r o t e i n .  Fresh herbage o f  wool lypod vetch i s  a l s o  l e s s  p a l a t a b l e  

t h a n  common vetch: however, when o f f e r e d  as hay, i t  t o o  becomes more 

pa la tab le .  

Because peas a r e  known t o  have h i g h  p o t e n t i a l  y i e l d  and n i t r o g e n  

f i x a t i o n ,  i t  i s  impor tan t  t o  see whether a l l  o f  t h e  pea germplasm a t  

ICARDA i s  equal 1  y  unpala tab le .  The germpl asm c o l l e c t i o n  i s  l a r g e ,  



and so screen ing us ing  convent iona l  feed ing  t r i a l s  i s  c l e a r l y  out  of 

t h e  quest ion.  A s tudy was t h e r e f o r e  conducted t o  t e s t  a  s imple  

screen ing procedure based on g i v i n g  sheep f r e e  access t o  s tand ing 

herbage. The spec ies  and genotypes used i n  t h e  experiment a r e  shown 

i n  Table 2.25. Each p l o t  was 5 x 10 m w i t h  t h r e e  s e p a r a t e l y  fenced 

r e p l i c a t e s .  Groups o f  f i v e  Awassi sheep were a l l owed  two hours 

access t o  each fenced area f o r  12 consecu t i ve  days. Each sheep had 

a  d i f f e r e n t  co lou red  ea r - tag  and, us ing t h i s  t o  i d e n t i f y  t h e  sheep, 

t h e  species being grazed was reco rded  eve ry  t w o  minutes.  

P a l a t a b i l i t y  o f  a  genotype was t h e  percentage o f  t h e  t i m e  spent 

g r a z i n g  i t s  herbage averaged across t h e  f i v e  sheep. The amount of 

t i m e  spent g raz ing  weeds and no t  g r a z i n g  was a l s o  recorded. Sheep 

were in t roduced  t o  t h e  p l o t s  each morning w i t h o u t  p r i o r  feed ing  bu t  

were f e d  hay i n  t h e  a f ternoon.  

Herbage y i e l d s  a r e  shown i n  Table 2.25. Common ve tch  was t h e  

most p a l a t a b l e  spec! es, being complete ly  consumed very  q u i c k l y .  O f  

t h e  o the r  species between 1110 and 1360 kg per ha remained a f ter -  

g raz ing ,  w i t h  t h e  excep t ion  o f  one pea (access ion 46/61),  i t s  f i n a l  

y i e l d  r e f l e c t i n g  l o w  i n i t i a l  y i e l d .  

Sheep grazed t h e  common ve tch  f i r s t ,  bu t  spent l e s s  t i m e  doing 

so as i t became l e s s  a v a i l a b l e .  They t h e n  t u r n e d  t o  wool lypod ve tch  

spending an i n c r e a s i n g  amount o f  t i m e  g r a z i n g  i t f rom day 6  onwards 

as t h e  common vetch disappeared. On about day 6  t h e y  s t a r t e d  on pea 

access ion 46/61 f o r  10 t o  20 percent  o f  t h e  t ime,  bu t  o n l y  f r o m  day 

11 d i d  t h e y  graze pea accessions 205 and 32111323. By f a r  t h e  most 

p a l a t a b l e  herbage among t h e  peas were weeds, ma in l y  w i l d  mustard 

(Synapis sp). 

The r e s u l t s  r e v e a l  t h a t ,  as expected, common ve tch  i s  t h e  most 

pa la tab le .  They a l s o  i n d i c a t e  t h a t  t h e r e  i s  some v a r i a t i o n  i n  pea 

p a l a t a b i l i t y  accession, 29031325 appear ing t o  be t h e  l e a s t  

pa l  a tab le ,  access ion 205 s l i g h t l y  more p a l a t a b l e ,  and access ion 



Table 2.25. Dry mat ter  y i e l d s  (kg per ha) o f  common ve tch  and 

wool lypod vetch, and f o u r  genotypes o f  peas be fo re  and a f t e r  

graz ing.  

Forage spec ies ,  Y i e l d s  

(access ion/se l  e c t i o n )  Before  A f t e r  

g r a z i n g  graz: ng 

Common vetch (25411-) 432 

Wool1 ypod ve tch  (6831-) 806 

Pea (29031325 ) 678 

Pea (2051-) 645 

Pea (32111323) 813 

Pea (46161) 348 

LSD (P<0.05) 135.7 411.2 

46/61 p a r t i a l l y  pa la tab le .  The techn ique  was a  use fu l  method o f  

d e t e c t i n g  d i f f e r e n c e s  i n  p a l a t a b i l i t y .  

I n  1987/88 a  new PhD study, w i t h  t h e  o b j e c t i v e  o f  i d e n t i f y i n g  

t h e  a n t i - p a l a t a b i l i t y  f a c t o r  i n  peas, w i l l  begin.  I f  successfu l  i t  

w i l l  be p o s s i b l e  t o  r a p i d l y  screen ICARDA's complete c o l l e c t i o n  o f  

peas. - E.F. Thomson 

Experiment 2.9: n u t r i t i v e  values o f  lentil, cannon vetch, 

chick1 i ng and lnedic straws (Preschedul e L20) 

The o b j e c t i v e  o f  experiment 2.9 was t o  compare t h e  v o l u n t a r y  

i n t a k e  and d i g e s t i b i l i t y  o f  medic r e s i d u e s  w i t h  s t raws o f  l e n t i l ,  

common vetch, and common c h i c k l i n g .  



The s t raws o f  l e n t i l ,  common ve tch  and c h i c k l i n g  a r e  impor tan t  

w i n t e r  feeds f o r  smal l  ruminants  w h i l e  t h e  r e s i d u e  ( ' s t r a w ' )  o f  

annual medics complements cerea l  s tubb l  es. There i s  no pub1 i s h e d  

i n f o r m a t i o n  comparing t h e  v o l u n t a r y  i n t a k e  and i n - v i v o  d i g e s t i b i l i t y  

o f  these straws. 

An experiment was conducted i n  which chopped straws f rom mixed 

v a r i e t i e s  o f  l e n t i l  (m c u l i n a r i s ) ,  common vetch, common c h i c k l i n g  

and M. r i g i d u l a  were o f f e r e d  t o  f o u r  i n d i v i d u a l l y  caged male Awassi 

c a s t r a t e s  a t  1.2 t i m e s  t h e  mean i n t a k e  o f  t h e  p rev ious  t h r e e  days. 

Vo lun ta ry  i n take ,  d i g e s t i b i l i t y  and chemical composi t ion o f  t h e  

s t raws were measured us ing c l a s s i c a l  procedures, and, t o g e t h e r  w i t h  

l i v e w e i g h t  changes, a r e  shown i n  Table 2.26. D i f f e r e n c e s  i n  

v o l u n t a r y  i n t a k e s  o f  t h e  s t raws and d a i l y  l i v e w e i g h t  ga ins  o f  t h e  

sheep f a i l e d  t o  reach s i g n i f i c a n c e  even though t h e  DOMD o f  c h i c k l  i n g  

s t r a w  was s i g n i f i c a n t 1  y  h igher  (P<0.05) t h a n  t h e  o the r  straws. 

Table 2.26. Chemical composi t ion,  d i g e s t i  b i l  ;ty and vol un ta ry  i n t a k e  

o f  f o u r  legume straws, and l i v e w e i g h t  changes. 

Medic L e n t i l  Comnon Comon Standard 

vetch chickl i n g  e r r o r  

Chemical comoosit'on ( g  per kg d ry  mat ter)  

Ash 89 144 118 83 

Crude p ro te in  63 69 66 72 

ADF 451 360 386 446 

ME (FV per kg d r y  mat ter)  6.8 6.4 6.9 7.6 

D i g e s t i b i l i t y  (%) 

Dry matter (IVDDM) 

Organic matter (IVDOM) 

DOMD 

ADF 

D a i l y  i n t a k e  

Dry matter (g )  1424 1585 1513 1607 170.3 

Dry matter (g per kg MBS) 83.3 94.1 89.4 93.1 9.84 

Liveweight change (g per day) 98 53 80 152 52.2 



Daily voluntary in takes  were about 3.5% of liveweight. The 

estimated intakes of M E ,  which ranged from 9.7 t o  12.2 MJ, were 

su f f i c i en t  t o  leave 2.7 t o  5.2 MJ additional t o  maintenance needs 

which could produce u p  t o  700 rnl milk per day. The straws could 

therefore  cover t h e  energy and protein needs of genetical 1 y 

unimproved Awassi ewes a t  a l l  times with t h e  possible exception of 

ea r ly  lac ta t ion .  I t  i s  c lear  t h a t  farmers who give so much value t o  

legume straw know what they are doing. - E.F. Thomson 

Experinent 2.10: nu t r i t i ve  value o f  straws f ron  nine 
va r i e t i e s  o f  barl ey (Preschedul e L27) 

The object ives of experiment 2.10 were f i r s t l y  t o  compare t h e  

vol untary intake and d i g e s t i b i l i t y  of nine barl ey straws harvested 

by hand or  combine, and secondly, using t h e  nylon bag technique, 

measure t h e i r  rumen degradab;lity. 

The col laborat  i  ve research w i t h  ODNRI has shown large  genetic  

variat ion in  l ea f  and stem proportion, stem height,  days t o  

maturity, and C P ,  ADF,  and IVOOM of barley and wheat straws. 

However, these  i n  v i t r o  parameters, a t  l e a s t  fo r  low qual i ty  

roughages such as  cereal straws, have been shown t o  be poor 

predictors  of i n  vivo d i g e s t i b i l i t y  and feed intake. Therefore i t  

i s  s t i l l  considered necessary t o  conduct i n  vi vo measurements of 

straw qua1 i t y  with t h e  ultimate object ive of providing cereal 

breeders with simple i n  v i t ro  parameters which can be used t o  screen 

cereal germpl asm. 

Hand harvested (1985)  or combine harvested (1984)  straws were 

chopped t o  2-3 cm lengths and offered 4 - l i  bitum t o  12 Awassi male 

cas t ra tes .  A balanced 3 x 3 l a t t i c e  design with four r ep l i ca t e s  was 



used (3 sheep i n  each row, and 3 pe r iods  as columns). Each f e e d i n g  

p e r i o d  con t inued  f o r  28 days, feed  i n t a k e  and faeca l  ou tpu t  be ing 

measured f o r  t h e  l a s t  14 days. The s t raw was f e d  unsupplemented. 

The morpholog ica l  c h a r a c t e r i s t i c s  o f  t h e  n ine  v a r i e t i e s  a r e  

shown i n  Table 2.27. I n  c o n t r a s t  t o  what we expected stems were 

s h o r t e r  i n  1985 t h a n  i n  1984 even though r a i n f a l l  was h igher  (373 mm 

i n  1985 compared w i t h  292 mn i n  1984). However l e a f  p r o p o r t i o n  

showed l i t t l e  v a r i a t i o n  between years ,  a  s u r p r i s i n g  r e s u l t  as  

p r e v i o u s l y  t h e r e  has been a  c o r r e l a t i o n  between l e a f  p r o p o r t i o n  and 

stem leng th .  The i n c o n s i s t e n c y  suggests t h a t  stem l e n g t h  may have 

l e s s  value i n  p r e d i c t i n g  s t raw q u a l i t y  t h a n  we had be l i eved .  The 

e a r l i e r  m a t u r i t y  i n  1983/84 was expected and i s  a  r e f l e c t i o n  o f  t h e  

lower  r a i n f a l l  i n  t h a t  year .  However, e a r l y  m a t u r i t y  may be 

d i f f i c u l t  t o  assess when t h e  range o f  m a t u r i t i e s  i n  some y e a r s  i s  

very  narrow ( j u s t  17 days i n  1984/85). 

The d i g e s t i b i l i t y  and VFI o f  t h e  s t raws a r e  shown i n  Table 2.28. 

I n  bo th  y e a r s  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between v a r i e t i e s  

i n  DOMI, t h e  r a n k i n g  however no t  be ing  c o n s i s t e n t  f rom year  t o  year,  

perhaps e x p l a i n e d  by t h e  method o f  ha rves t :  combine harvested, which 

c u t s  a t  10-15 cm above t h e  ground, i n  1984, and hand-pulled, which 

i n c l u d e s  t h e  whole p l a n t ,  i n  1985. However method o f  harvest  i s  

u n l i k e l y  t o  be t h e  o n l y  f a c t o r  caus ing v a r i a t i o n  i n  rank ing ,  t h e  

r e s u l t s  c l e a r l y  suggest ing t h a t  we should  pay more a t t e n t i o n  t o  t h e  

e f f e c t  o f  environment. 

Never the less some straws were c o n s i s t e n t 1  y o f  h i g h  o r  1  ow 

feed ing  value. Thus Badia, ER-Apam and Beecher had t h e  lowes t  DOMI 

i n  b o t h  years  and Rihane and Antares were c o n s i s t e n t l y  h igher .  

Indeed t h e  l a t t e r  was ou ts tand ing  i n  1985: t h i s  s t raw a l s o  had t h e  

h ighes t  l e a f  p r o p o r t i o n ,  t h e  h ighes t  CP and t h e  l o w e s t  ADF, a l l  

f a c t o r s  which, i n  t h e  past,  have been assoc ia ted  w i t h  good q u a l i t y .  
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I n  t h e  1984 m a t e r i a l  we had p r e v i o u s l y  measured h i g h  

c o r r e l a t i o n s  between D O M I  and days t o  m a t u r i t y  ( r  = 0.77). I n  1985 

t h i s  r e l a t i o n s h i p  was weak ( r  = 0.30), as was t h e  r e l a t i o n s h i p  

between DOMI and l e a f  p r o p o r t i o n  ( r  = <0.10). I n  1985 DOMI was 

c o r r e l a t e d  most c l o s e l y  w i t h  d r y  m a t t e r  d i g e s t i b i l i t y  and crude 

p r o t e i n ,  r = 0.94 and r = 0.92 r e s p e c t i v e l y .  The good c o r r e l a t i o n  

w i t h  CP i s  p a r t i c u l a r l y  i n t e r e s t i n g :  i t  has h i t h e r t o  been assumed 

t h a t  t h e  l i m i t e d  amounts o f  p r o t e i n  i n  s t raw have l o w  a v a i l a b i l i t y  

and w i l l  not  t h e r e f o r e  a f f e c t  i n t a k e .  Such was apparen t l y  no t  t h e  

case i n  1985 suggest ing t h a t  t h e  p r o t e i n  i s  i n  f a c t  a v a i l a b l e :  i f  so 

i t  c o u l d  be expected t o  have a  marked e f f e c t  on VFI (Van Soest, 

1984). More a t t e n t i o n  should  be g i v e n  t o  n i t r o g e n  supply i n  f u t u r e .  

I n  a d d i t i o n  t o  t h e  i n - v i v o  s tudy j u s t  descr ibed,  t h e  degradat ion 

c h a r a c t e r i s t i c s  o f  t h e  n ine  s t raws were determined us ing  t h e  

nylon-bag techn ique  (Orskov & a. 1980). I n  t h i s  s imple  method 

straw, conta ined i n  a  bag o f  n y l o n  f i l t e r  c l o t h ,  i s  i ncuba ted  

d i r e c t l y  i n  t h e  rumen, t h u s  being sub jec ted  t o  m i c r o b i a l  a t t a c k  i n  

t h e  exact  c o n d i t i o n s  o f  t h e  rumen (Hovel1 & a. 1986). It shou'ld 

be a  good method f o r  measuring d e g r a d a b i l i t y  because t h e  

r e l a t i o n s h i p  between t i m e  and degradat jon can be measured. The n i n e  

straws were incuba ted  i n  3  f i s t u l a t e d  Awassi c a s t r a t e s  p r e v i o u s l y  

o f f e r e d  a  hay d i e t  f o r  pe r iods  o f  1 2 ,  24, 48 and 72 hours. The 

percentage disappearance o f  d r y  ma t te r  were f i t t e d  t o  t h e  

exponent ia l  equa t ion  P = a + b (1 - e-ct) where P i s  t h e  

disappearance o f  d r y  ma t te r  a t  t i m e  t and a, b, and c a r e  constants  

(Orskov and Macdonal d  1979). 

The r e s u l t s  a r e  shown i n  Tab le  2.29. The constants  gave a  good 

fit t o  t h e  equat ion,  w i t h  98% o f  v a r i a t i o n  exp la ined.  Furthermore, 

s t raw w i t h  t h e  1  owest DDMI, Badia, and s t raw w i t h  t h e  h ighes t  DDMI, 

Antares,  had t h e  lowes t  and h ighes t  percentage o f  d r y  m a t t e r  

disappearance r e s p e c t i v e l y .  
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The r e s u l t s  i n d i c a t e  t h a t  t h e  nylon-bag techn ique has p o t e n t i a l  

i n  i d e n t i f y i n g  d i f f e r e n c e s  i n  feed ing  value. However a l though  a 

h i g h  c o r r e l a t i o n  between DDMI and d r y  ma t te r  disappearance was found 

(r=0.60 a t  12 h and r=0.73 a t  72h),  o n l y  50% o f  t h e  v a r i a t i o n  i n  

i n t a k e  a t  72h was exp la ined,  s t i l l  no t  good enough t o  use as a 

p r e d i c t o r  o f  i ntake. Furthermore, s ince  t h e  n y l  on-bag techn ique  

does n o t  measure t h e  phys ica l  c h a r a c t e r i s t i c s  o f  s t raw and s ince  t h e  

e f f e c t  o f  chew? ng, r u m i n a t i o n  and removal o f  und igested m a t e r i a l  

f rom t h e  rumen my be l i m i t i n g  f a c t o r s  i n  c o n t r o l l i n g  i n t a k e ,  i t  i s  

unwise a t  t h i s  s tage t o  depend on r e s u l t s  f r o m  t h e  n y l o n  bag 

t e c h n i  que a1 one. 

I n  f u t u r e  we w i l l  g i v e  more a t t e n t i o n  t o  unders tand ing t h e  

mechanisms c o n t r o l 1  i n g  v a r i a t i o n  i n  feed ing  value. F i r s t l y  we w i l l  

a t tempt  t o  i d e n t i f y  t h e  phys ica l  and chemical f a c t o r s  w i t h i n  s t raws 

r e s p o n s i b l e  f o r  v a r i a t i o n ,  second1 y unders tand how t h e s e  f a c t o r s  

r e l a t e  t o  animals,  and f i n a l l y  unders tand t h e  r e l a t i v e  e f f e c t s  o f  

phys ica l  breakdown and degradabi l  i t y .  - F. Herber t  (Uye Col lege, 

U n i v e r s i t y  o f  London), E.F. Thomson. B.S. Capper (ODNRI), and R.C. 

Camp1 i ng (Uye Col 1 ege) 

Exper iment 2.11 : bar1 ey s t r a w  i n  ewe p r o d u c t i o n  

d i e t s  (Preschedul e L28) 

The o b j e c t i v e  o f  experiment 2.11 was t o  assess t h e  v o l u n t a r y  

i n t a k e  o f  s t raws f rom f o u r  b a r l e y  v a r i e t i e s  o f f e r e d  t o  pregnant and 

1 a c t a t i  ng Awassi ewes r e c e i  v i  ng a basal concent ra te  d i e t .  

A l though we have demonstrated v a r i a b i l i t y  i n  straws eaten by 

male c a s t r a t e s  t h e r e  has been no research  t o  assess t h e  s i g n i f i c a n c e  

o f  t h i s  v a r i a t i o n  on t h e  p r o d u c t i v i t y  (as  opposed t o  maintenance) o f  



ewes. The v a r i a t i o n  i n  s t raw q u a l i t y  may be masked o r  o f  l i t t l e  

impor tance when ewes r e c e i v e  generous amounts o f  concent ra te .  I n  

a d d i t i o n ,  ewes u s u a l l y  have a p p e t i t e s  w e l l  above those  o f  male 

cas t ra tes .  

Chopped s t raw f rom Arab i  Abiad, Beecher, C63 and ER/Apam was 

o f f e r e d  & - l i b i t u m  t o  f o u r  groups o f  9 Awassi ewes. The exper iment 

began when t h e  ewes were about 16 weeks pregnant and con t inued  

th rough  l a c t a t i o n  i n t o  t h e  d r y  per iod.  Dur ing l a t e  pregnancy (42 

days) and e a r l y  l a c t a t i o n  (42 days) ewes r e c e i v e d  t h e  same basal 

d i e t  o f  whole b a r l e y  g r a i n ,  soyabean meal, wheat b r a n  and minera ls .  

Dur ing m i d  - t o  l a t e  l a c t a t i o n  (42 days) t h e  ewes were f u r t h e r  

d i v i d e d  i n t o  sub-groups r e c e i v i n g  1  ow ( L ) ,  medium (M)  o r  h i g h  (H)  

l e v e l s  o f  concent ra te .  To compensate f o r  d i f f e r e n c e s  i n  t h e  

n i t r o g e n  content  o f  straws, t h e  concen t ra te  con ta ined  d i f f e r e n t  

amounts o f  n i t rogen ,  such t h a t  t h e  n i t r o g e n  content  o f  a l l  d i e t s  was 

s i m i l a r .  A t  t h e  end o f  t h e  exper iment t h e  d r y  ewes were o f f a r e d  

s t raw a lone f o r  28 days. 

The y i e l d s  and morphol og ica l  c h a r a c t e r i s t i c s  o f  t h e  f o u r  

v a r i e t i e s  a r e  shown i n  Table 2.30. The 1  ocal  landrace,  Arab i  Abiad, 

gave t h e  h ighes t  g r a i n  and s t raw y i e l d s ,  i n d i c a t i n g  t h a t  i t  has h i g h  

p o t e n t i a l  i n  good cond i t i ons .  St raw morphology data  show t h a t  Arab i  

Abiad and ER/Apam a r e  s h o r t  v a r i e t i e s  w i t h  t h i n n e r  stems w h i l e  

Beecher and C63, a r e  t a l l e r  w i t h  s l i g h t l y  t h i c k e r  stems. Except f o r  

Beecher 1  e a f  p r o p o r t i o n s  were s i  mi 1  a r  , exper imental  1  y u s e f u l  because 

i t  o f f e r e d  us t h e  o p p o r t u n i t y  t o  compare t h e  v a r i e t i e s  unconfounded 

by d i f f e r e n c e s  i n  l e a f  p ropor t i on .  DOMI o f  t h e  d i e t s  ( i n c l u d i n g  

concen t ra tes )  were s i m i l a r  (Tab le  2.31). The VFI o f  Arab i  Abiad was 

s i m i l a r  t o  ER/Apam, b o t h  o f  which were g r e a t e r  t h a n  t h e  s ix - rowed 

v a r i e t i e s ,  themsel ves s i m i l a r .  Concentrate i n t a k e s  were a1 so 

s i m i l a r  d i f f e r i n g  by j u s t  over one s tandard  e r r o r  ac ross  t reatments .  



Table 2.30. G r a i n  and s t raw y i e l d ,  s t r a w  morphology and days 

t o  m a t u r i t y  o f  f o u r  b a r l e y  v a r i e t i e s  harvested i n  June 1986. 

Arab i  ER / Beecher C63 

Abiad Apam 

Y i e l d  (kg per ha) 

Gra in  

Straw 

Harvest index (%) 

St raw morphol ogy 

Row t y p e  

Stem he igh t  (cm) 

Stem w i d t h  (cm) 

Lea f  p r o p o r t i o n  (%)  

Days t o  m a t u r i t y  

The ewes l o s t  l i v e w e i g h t  even though t h e r e  was enough 

concent ra te  t o  cover 90% o f  ME needs: l o w  a p p e t i t e  must have 

prevented ewes i n g e s t i n g  s t raw t o  cover  t h e  ME d e f i c i t .  However, 

t h e  l i v e w e i g h t  l osses ,  which o f t e n  occur i n  e a r l y  l a c t a t i o n ,  were 

o n l y  2  t o  4 kg du r ing  t h e  s i x  week p e r i o d  and are  no t  excessive.  

A l though d a i l y  m i l k  y i e l d s  were s i m i l a r  (P>0.05) farmers  would 

n o t i c e  t h e  d i f f e r e n c e  i n  t h e  ewes' v o l u n t a r y  i n t a k e  (19%) and m i l k  

y i e l d  (23%), r e s u l t i n g  f rom t h e  Arab i  Ab iad s t raw compared w i t h  C63. 

Having e s t a b l i s h e d  t h a t  v a r i e t a l  d i f f e r e n c e s  i n  qua1 i t y  a r e  

expressed i n  l a c t a t i n g  ewes we examined t h e  i n t e r a c t i o n  between 

v a r i e t y  and l e v e l  o f  concentrate.  A summary of t h e  r e s u l t s  i s  i n  

F ig .  2.21. 



Table 2.31. Dry matter d i g e s t i b i l i t y  o f  t he  whole d i e t  and o f  straw alone, 

vo luntary in takes  o f  straw from four  bar ley  var ie t ies ,  and d a i l y  concentrate 

in take,  d a i l y  l i vewe igh t  changes and m i l k  y i e l d s  o f  Awassi ewes from week two 

t o  week s i x  o f  l a c t a t i o n .  

Bar1 ey v a r i e t y  
3 4 

S.E.O. Sign. 

Arabi ER/ Beecher C63 

Abiad Apam 

Number o f  ewes 9 9 9 9 - - 

Dry matter d i g e s t i b i l i t y  

Who1 e d i e t  61.4 64.3 63.6 63.0 2.62 ns 
1 

Straw 41.9 46.3 44.6 41.8 4.71 ns 

In take  o f  dry matter 

Straw (g  per day) 794 767 678 600 64.7 * 
Concentrate (g  per day) 794 783 783 698 43.3 ns 

Straw (g per MBS) 44.9 44.3 37.2 36.2 2.81 ** 
Concentrate (g  per MBS) 45.0 43.1 45.6 42.6 2.46 ns 

Liveweight change (g  per day) -39.7 -50.3 -95.2 -52.9 34.05 ns 
2 

M i l k  y i e l d  (g per day) 1635 1584 1581 1264 45.6 ns 

1 
Concentrate d r y  mat ter  assumed t o  be 80% d iges t i b l e :  3 observations per 

2 
treatment. 

Weeks 3 t o  6 o f  l a c t a t i o n .  Ewes hand t h a t  mi lked and suckled by lambs 

added. 
3 

4 
Standard E r ro r  o f  Di f ference.  

Signi f icance:  * + P<0.05; ** = P<). ) ) l ;  ns = not s i n g i f i c a n t .  



C o n c e n t r a t e  in ta l :e  '5 per  PBS p e r  d a y )  

Fig. 2.21: Tota l  V F I  o f  s t raw and concen t ra te  (cont inuous l i n e s ) ,  and 
VFI o f  t h e  s t raw component (broken l i n e s )  o f  Arab i  Abiad 
(c losed  c i r c l e s ) ,  ER/Apam (open c i r c l e s )  , Beecher ( c l o s e d  
t r i a n g l e s ) ,  and C63 (open t r i a n g l e s )  b a r l e y  v a r i e t i e s  i n  
ewes o f f e r e d  t h r e e  l e v e l s  o f  concentrate.  

The o v e r a l l  r a n k i n g  o f  t h e  s t raws remained t h e  same a t  t h e  t h r e e  

1  eve1 s  o f  concen t ra te  suggest ing t h a t  t h e r e  were i n t e r a c t i o n s  ( t h e  

h i g h  i n t a k e  o f  C63 s t raw a t  t h e  medium l e v e l  o f  concen t ra te  was 

p robab ly  an a r t e f a c t ) .  It i s  c l e a r  t h a t  t h e  energy d e n s i t y  o f  t h e  

d i e t s  was l i m i t i n g  i n t a k e  even a t  t h e  h i g h  l e v e l  o f  concent ra te  

which was expected t o  cover about 100% o f  ME needs. Other s t u d i e s  



(Bahhady, unpubl ished data)  show t h a t  Awassi ewes o f f e r e d  - ad-1 i b i t u m  

concent ra te  and 100 g  chopped b a r l e y  s t raw c o u l d  i n g e s t  up t o  140 g  

per MBS. 

To compare t h e  a p p e t i t e s  o f  d r y  ewes w i t h  male c a s t r a t e s ,  t h e  

d i g e s t i b i l i t y  and i n t a k e  o f  t h e  s t raws was measured us ing  t h e  same 

ewes a f t e r  l a c t a t i o n  ended. I n t a k e  ( i n  g  per MBS) o f  A rab i  Abiad 

was 7% (NS) h igher  t h a n  ERIApam and 16 t o  19% h igher  t h a n  Beecher 

and C63 (P<O.05) (Tab le  2.32). There were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  l o s s  o f  l i v e w e i g h t ,  t h e  small d i f f e r e n c e s  be ing due 

t o  g u t - f i l l  ad jus tments  which occur r  when ewes change f rom a  

s t raw/concen t ra te  d i e t  t o  a  pure s t raw d i e t .  S ince t h e r e  i s  some 

evidence t h a t  a p p e t i t e  recovers  a f t e r  a  p e r i o d  o f  adap ta t i on ,  it i s  

a1 so 1  i k e l y  t h a t  1  i veweight 1 osses would have d e c l i n e d  (Thornson and 

Termanini , 1988). 

Table 2.32. Dry-matter d i g e s t i b i l ' t y  and voluntary i n t a k e  of t h e  s t raw of 

four  barley v a r i e t i e s  when of fe red  t o  dry Awassi ewes. The change i n  

l iveweight  ( g )  during t h a t  time i s  a l s o  given. 

1 Z 
Arabi E R /  Beecher C63 R.S.D. Sign. 

Abiad A~am 

Number of ewes 9 1 3  11 11 - - 
Dry matter  d i g e s t i b i l i t y  45.4 44.9 49.7 48.3 3.82 ns 

3 
Intake (g per day) 757 678 597 596 102.3 ** 

3 
In take  (g per MBS) 43.8 40.7 35.6 36.7 5.49 ** 
Li veweight change ( g )  -15.1 -19.8 -18.6 -11.3 10.03 ns 

1 
Residual s tandard deviat ion.  

2 
Signi f icance :  ** = P<0.01; ns = not s i g n i f i c a n t .  

3  
Dry matter.  



The experiment has shown t h a t  d i f f e r e n c e s  i n  s t raw q u a l i t y  a r e  

expressed i n  t h e  p r o d u c t i o n  o f  l a c t a t i n g  ewes, even up t o  q u i t e  h i g h  

l e v e l  s  o f  concent ra te  con f i rm ing  t h e  importance o f  s t raw qua1 i ty .  

U n f o r t u n a t e l y  t h e  r e s u l t s  pose more ques t ions  t h a n  t h e y  answer. For 

example why d i d  t h e  two-rowed v a r i e t i e s  have such l o w  

d i g e s t i b i l i t i e s  i n  t h e  d r y  sheep? What a r e  t h e  reasons f o r  t h e  

d i f f e r e n t  rank ings  o f  s t raw q u a l i t y  i n  var ious exper iments over t h e  

l a s t  f i v e  y e a r s ?  The exper iments w i l l  con t inue  i n  1987188 t o  he1 p  

answer these and o the r  quest ions.  Spec ia l  emphasis w i l l  be g i v e n  t o  

t h e  d i g e s t i b i l i t y  o f  straw, r a t e  o f  passage, and r a t e  o f  

degradat ion.  - E.F. Thanson 



CHAPTER 3: PHYSIOLOGY AND ECOLOGY OF SEED PRODUCTION 

AND DORMANCY I N  ANNUAL PASTURE LEGUMES 

The main objec t ive  of t h e  work reported in  Chapter 3 i s  t o  

develop se lec t ion  c r i t e r i a  fo r  t he  genetic  improvement of medics. 

I t  i s  aimed a t  two important (probably t h e  most important) 

physi 01 ogical processes: seed production and seed survival . 

The principal advantage of the ley  farming system over one using 

annually resown forages i s  t h a t ,  by using appropriate  pasture 

species t he re  i s  no need t o  resow a f t e r  t he  i n i t i a l  year of 

establishment: t h e  'appropriate '  species can self-regenerate a s  a 

r e s u l t  of seed dormancy. Not only does t h i s  save farmers t h e  

expense of re-sowing but a1 so t h e  natural re-seedi ng r a t e s  a r e  much 

higher than farmers can afford t o  use, resu l t ing  i n  rapid ear ly  

establishment and a much longer period of grazing. 

Productivity and s t a b i l i t y  of l e y  farming depend on several 

fac tors .  F i r s t l y  the time of g rea t e s t  feed shortage i s  usually 

autumn and winter,  when low temperatures and low l i g h t  i n t ens i ty  

ultimately inh ib i t  plant growth. The most rapid possible pasture 

growth i n  winter,  which i s  closely r e l a t ed  t o  amount of seed se t  and 

res is tance  t o  f r o s t ,  a re  therefore  important a t t r i b u t e s .  Secondly 

most of t h e  seeds must r e s i s t  germination in  the  crop year and 

su f f i c i en t  seeds germinate promptly i n  t h e  t h i r d  year t o  produce a 

producti ve pasture. Thirdly survival depends on abi l  i t y  t o  produce 

enough material ,  inci uding seed, t o  provide grazing i n  summer, with 

enough seed remaining for  dense germination two years  l a t e r .  

Final ly the  pasture must f u l f i l l  i t s  r o l e  a s  a source of nitrogen, 

and, i n  associat ion with rhizobia,  f i x  su f f i c i en t  atmospheric 

nitrogen for  i t s  own and the  c e r e a l ' s  requirements. 



The l a s t  o f  these f a c t o r s ,  n i t r o g e n  f i x a t i o n ,  i s  d iscussed i n  

Chapter 5. Most o f  t h e  remain ing f a c t o r s  i n v o l v e  e i t h e r  seed 

p roduc t ion  o r  seed dormancy. F ig .  3.1 ill u s t r a t e s  t h e i r  importance. 

Of seed s e t  i n  phase 1 of a  cerea l  / pas tu re  r o t a t i o n  ( A p r i l  1985), 

ha1 f was used by g r a z i n g  animals,  about 10% germinated as weeds i n  

t h e  cerea l  phase, and more t h a n  200 kg per ha remained dormant i n  

t h e  s o i l .  From t h i s  rese rve  of seed t h e  pas tu re  o f  1986/87 was a b l e  

t o  re -es tab l  i s h  n a t u r a l l y  r e s u l t i n g  i n  seed reserves o f  700 kg per 

ha i n  t h e  summer o f  1987. A s i m i l a r  p a t t e r n  i s  being repea ted  i n  

phase 2. 
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Fig .  3.1: Residual  medic seed i n  phase 1 ( s o l i d  l i n e )  and phase 2 
(broken l i n e )  of mediclwheat r o t a t i o n s  a t  Tel Hadya. The 
c l  osed c i r c l e s  and t r i a n g l  es a r e  ac tua l  measurements, and 
t h e  open ones a r e  es t imates.  The h o r i z o n t a l  b lack  ba rs  
above t h e  f i g u r e  are  t h e  pe r iods  o f  sheep g raz ing ,  t h e  
sheep a l t e r n a t i n g  f rom phase 1 t o  phase 2. 
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Clear l y ,  i f  improved pas tu re  p l a n t  v a r i e t i e s  and management 

systems a r e  t o  be created,  a fundamental knowledge o f  t h e  process o f  

f l o w e r i n g ,  seed set ,  seed s u r v i v a l  under g raz ing ,  and seed dormancy 

i s  requ i red .  Prev ious work (Cocks 1987) has shown t h a t ,  w i t h i n  a l l  

t h e  ecotypes t e s t e d ,  seed y i e l d  i s  r e l a t e d  t o  t h e  number o f  pods and 

t h a t  up t o  95% o f  f l o w e r s  a r e  l o s t  t h rough  e i t h e r  f l o w e r  o r  pod 

a b o r t i o n .  Seeds o f  n a t i v e  spec ies  a r e  u s u a l l y  l e s s  permeable (more 

dormant) t h a n  those o f  A u s t r a l i a n  c u l t i  vars, a1 though t h e  p a t t e r n  o f  

hardseed breakdown o f  t h e  n a t i v e  ecotypes i n  S y r i a  i s  s i m i l a r  t o  

t h a t  o f  t h e  A u s t r a l j a n  c u l t i v a r s  i n  A u s t r a l i a .  Ewes g r a z i n g  mature 

pods a r e  ab le  t o  i n c r e a s e  1 i vewe igh t  u n t i l  n e a r l y  a l l  of t h e  pods 

have been eaten, i n d i c a t i n g  t h a t  farmers  w i l l  have t o  manage 

pastures very c a r e f u l 1  y i n  sumer .  

S i m i l a r  comments app ly  t o  t h e  annual legumes growing i n  n a t i v e  

pas tu re  on marg ina l  land.  A l though t h e r e  i s  no cropp ing phase, a 

seed bank i s  necessary f o r  l o n g  t e r m  s t a b i l i t y  i n  an environment 

no ted  f o r  v a r i a t i o n  i n  bo th  d i s t r i b u t i o n  and t o t a l  amount o f  

r a i n f a l l .  The herbage o f  n a t i v e  pastures,  as w i t h  medic pastures,  

i s  dependent on seed1 i n g  number, and t h e r e f o r e  seed product ion.  It 

i s  necessary t h a t  our unders tand ing o f  seed p roduc t ion  and dormancy 

i n c l u d e s  t h a t  o f  n a t i v e  pasture.  

I n  t h i s  Chapter we d i scuss  r e s e a r c h  on f l o w e r  and seed 

p roduc t ion ,  seed s u r v i v a l  under g raz ing ,  and seed dormancy i n  b o t h  

medic and n a t i v e  pasture.  I n  exper iment 3.1 t h e  s u r v i v a l  o f  f l o w e r s  

produced on spaced p l a n t s  o f  e i g h t  medic ecotypes was s tud ied,  i n  

experiment 3.2 more t h a n  60 ecotypes o f  14 medic spec ies  were 

surveyed t o  determined v a r i a b i l i t y  i n  f l o w e r  r e t e n t i o n ,  i n  

experiment 3.3 t h e  e f f e c t  o f  a r t i f i c i a l l y  t r i p p i n g  seeds t o  i nc rease  

s e l f - p o l l i n a t i o n  was examined, w h i l e  i n  experiment 3.4, seven 

ecotypes o f  5 spec ies  were sown a t  two d e n s i t i e s  t o  s i m u l a t e  t h e  

e f f e c t s  o f  growing t h e  ecotypes i n  swards. I n  exper iment 3.5 t h e  

seed bank o f  n a t i v e  pas tu re  was moni tored,  and t h e  ge rm ina t ion  o f  



seedl ings counted a t  monthly i n t e r v a l s .  I n  experiment 3.6 medic 

seeds and pods were f e d  t o  sheep t o  measure d i g e s t i b i l i t y  and t h e  

a b i l i t y  o f  seeds t o  s u r v i v e  i n g e s t i o n .  I n  exper iment 3.7 t h e  

breakdown o f  hardseeds o f  several  species was observed a f t e r  being 

produced a t  two d e n s i t i e s .  F i n a l l y ,  i n  exper iment 3.8 t h e  economics 

o f  commercial seed p r o d u c t i o n  was assessed by ana lys ing  ICARDA's own 

seed p roduc t ion  process and measuring t h e  e f f e c t  o f  weed c o n t r o l  on 

commercial seed crops. 

Experiment 3.1: f l m  production and seed survival on spaced 

plants o f  annual medics (Preschedule M28) 

P r o d u c t i v i t y  o f  a  p a r t i c u l a r  medic species depends on p l a n t  

number (Abd El Moneim and Cocks 1986) which i n  t u r n  depends on t h e  

number o f  v i a b l e  seeds i n  t h e  s o i l  when t h e  f i r s t  r a i n s  occur i n  

autumn. The necessary number o f  p l a n t s  w i l l  vary w i t h  1  o c a t i o n  and 

w i t h  t h e  use f o r  which t h e  pas tu re  i s  in tended:  f o r  example 
2 

Puckr idge and French (1983) c i t e  t h e  need f o r  1000 p l a n t s  per m i n  

southern A u s t r a l i a  but  i t  i s  l i k e l y  t h a t  i n  t h e  c o l d e r  c o n d i t i o n s  o f  

west As ia  an even g r e a t e r  p o p u l a t i o n  w i l l  be r e q u i r e d  t o  achieve 

s a t i s f a c t o r y  growth r a t e s .  Assuming 90% o f  seeds a r e  dormant, a  
2 

p l a n t  p o p u l a t i o n  o f  1000 per m r e q u i r e s  a  seed p o p u l a t i o n  i n  excess 

o f  400 kg per ha f o r  most species,  depend! ng on seed s i z e  (1 arger  

seeded species probably  need l e s s  p l a n t s ) .  I f  t h e  farmer a l s o  

r e q u i r e s  t h e  seed f o r  g r a z i n g  i n  summer i t  i s  c l e a r  t h a t  h i g h  seed 

y i e l d s  are  e s s e n t i a l  f o r  t h e  successfu l  u t i l i z a t i o n  and r e g e n e r a t i o n  

o f  medic pastures.  

Seed p r o d u c t i o n  i n  any legume depends on p roduc t ion  and s u r v i v a l  

o f  f l o w e r s  and pods, number o f  seeds per pod, and i n d i v i d u a l  seed 

s i ze .  For V i c i a  faba,  f l o w e r  and pod a b o r t i o n  a r e  common, o c c u r r i n g  



a t  budding, f l o w e r i n g  and poddi ng (Gates & a. 1983), a b o r t i o n  a t  

podding account ing f o r  up t o  50% l o s s  o f  f e r t i l i z e d  f l owers .  For 

medics, recen t  work a t  ICAROA has shown t h a t  seed y i e l d  i s  dependent 

on pod number, and t h a t  s u r v i v a l  of f lowers  can be as low  as 5% (95% 

a b o r t i o n )  a  f i g u r e  f a r  lower  t h a n  t h a t  reco rded  f o r  V i c i a  faba and 

subterranean c l o v e r  (Dona1 d  1954; Co l l  i n s  & 1976), t h e  1  a t t e r  

be ing t h e  o n l y  Medi ter ranean pas tu re  species i n  which f l o w e r  

p roduc t ion  and s u r v i v a l  have p r e v i o u s l y  been monitored. It i s  

t h e r e f o r e  o f  g r e a t  i n t e r e s t  t o  s tudy t h e  e x t e n t  and v a r i a b i l i t y  o f  

f l o w e r  a b o r t i o n  i n  medics and t o  understand t h e  reasons f o r  i t s  

occurrence. 

I n  experiment 3.1 t h e  o b j e c t i v e  was t o  a c c u r a t e l y  mon i to r  f l o w e r  

p r o d u c t i o n  and s u r v i v a l  o f  several  medic species.  To do t h i s  i t was 

necessary t o  count f l o w e r  numbers a t  each node, and subsequent ly 

ha rves t  t h e  pods. Flower s u r v i v a l  was c a l c u l a t e d  and t o t a l  numbers 

o f  f l o w e r s  and pods were counted. 

The f o l l o w i n g  e n t r i e s  were i n c l u d e d  i n  t h e  exper iment:  

M. minima access ion 3/C - -  
M. polymorpha v a r i e t y  Tah - 
M. coronata  access ion 2512 - 
M. noeana accessions SA 15845 and SA 15497 - -  
M. t u r b i n a t a  access ion 716 - 
M. r i g i d u l a  s e l e c t i o n s  716, 1900, and 1919 - 
M. r o t a t a  s e l e c t i o n s  1943 and 2123 - -  
M. t r u n c a t u l a  c u l t i  var Jemal ong - 

The e n t r i e s  were sown i n  ' J i f f y '  po ts  and l a t e r  t r a n s p l a n t e d  t o  

t h e  f i e l d .  There were 30 p l a n t s  i n  each e n t r y  p l a n t e d  i n  one row, 

t h e  rows being 1.5m a p a r t  w i t h  0.5m between p l a n t s  w i t h i n  rows. 

There were t h r e e  rep1 i c a t e s .  A l l o c a t i o n  o f  rows t o  e n t r i e s  w i t h i n  

each r e p l i c a t e  was a t  random. 



Weeds were c o n t r o l  1  ed as necessary, us ing bo th  chemical s  and 

hand weedi ng . 
The f o l l  owi ng parameters were recorded:  

- f l o w e r i n g  t i m e  - day on which each p l a n t  began t o  f l ower ;  

- number and s u r v i v a l  o f  f l o w e r s  - two pr imary  branches were 

tagged on each o f  two p l a n t s  w i t h i n  each r e p l i c a t e  and t h e  

date  o f  appearance o f  each i n f l o r e s c e n c e ,  t h e  number o f  

f l o w e r s  on each i n f l o r e s c e n c e ,  and t h e  number o f  

deve lop ing pods on each i n f l o r e s c e n c e  were reco rded  a t  

three-day i n t e r v a l  s. Fl  owers on secondary branches were 

ignored; 

- pod s i z e ,  seed s i z e ,  and seeds per pod were measured a t  

each f l o w e r i n g  node on t h e  branches used above. Because 

pods f a l l  f rom t h e  p l a n t s  a t  m a t u r i t y ,  t h e y  were p laced  i n  

small bags a t tached  t o  t h e  p l a n t s  so t h a t  pods f rom each 

node c o u l d  be i d e n t i f i e d ;  and 

- p l a n t  mass and t o t a l  number o f  f l o w e r s  and pods: a t  weekly 

i n t e r v a l s  f r o m  t h e  beg inn ing o f  March, two  p l a n t s  per 

r e p l i c a t e  were harvested, t h e  number o f  f l o w e r s  and pods 

per p l a n t  were recorded, and d r i e d  p l a n t s  weighed. 

The exponent ia l  g rowth  r a t e  i l l u s t r a t e d  i n  F ig .  3.2 i s  expected 

s ince  t h e  p l a n t s  grew as spaced p l a n t s  and c o m p e t i t i o n  between 

p l a n t s  was no t  severe. F ig .  3.2 shows t h e  mean mass o f  a l l  species 

( so l  i d  l i n e )  and t h a t  o f  t h e  l a r g e s t  (M. r o t a t a  s e l e c t i o n  1943) and, 

w i t h  t h e  excep t ion  o f  cv. Jemalong, sma l les t  (i. coronata access ion 

25/2) a t  t h e  f i n a l  harvest .  Those spec ies  w i t h  p l a n t s  l a r g e r  t h e n  

t h e  mean were ( f r o m  t h e  l a r g e s t )  I?. r o t a t a  s e l e c t i o n  1943, 4. 
r i g i d u l a  s e l e c t i o n  716, M. r i g i d u l  a  s e l e c t i o n  1919, M. t u r b i n a t a  
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Fig.  3.2: Accumulat ion of herbage ( s o l i d  l i n e  i s  t h e  mean o f  e i g h t  
genotypes) and t h a t  o f  t h e  l a r g e s t  (M. r o t a t a  s e l e c t i o n  
1943) and n e x t  t o  sma l les t  (M. - coronata  accession 25/2) 
genotypes w i t h  t ime.  

access ion 7/6, and M. noeana access ion SA 15497. Those species 

sma l le r  than  t h e  mean (beg inn ing f r o m  t h e  sma l les t )  were M. 
t r u n c a t u l a  cv. Jemalong, M. coronata access ion 25/2, 11. minima 

access ion 3/C, M. r i g i d u l a  s e l e c t i o n  1900, M. polymorpha v a r i e t y  

Tah, M. noeana access ion SA 15845, and M. r o t a t a  s e l e c t i o n  2123. No 

spec ia l  s i g n i f i c a n c e  i s  g i v e n  t o  t h e  rank ing .  

The p a t t e r n  o f  f l o w e r  p r o d u c t i o n  i n  two  species i s  i l l u s t r a t e d  

i n  F ig .  3.3. I n  M. r i g i d u l a  s e l e c t i o n  1919 (Fig.  3.3a) f l o w e r i n g  

commenced on 25 March, reached a peak on 21 A p r i l ,  t h e  l a s t  new 

f l o w e r s  appear ing on 6 May. The g r e a t e s t  number o f  pods occur red  on 

21 A p r i l ,  and t h e r e  was a cont inuous d e c l i n e  u n t i l  20 May. I n  M. 
polymorpha (Fig.  3.3b) f l o w e r i n g  comnenced t h r e e  weeks e a r l i e r ,  



reach ing  a peak however, o n l y  one week e a r l i e r  on 14 A p r i l .  As i n  

t h e  case o f  M. r i g i d u l a  t h e  l a s t  new f l o w e r s  o f  M. polymorpha 

appeared on 6 May. Pod numbers con t inued  t o  i nc rease  u n t i l  6 May, 

bu t  i n  t h e  f o l l o w i n g  two weeks t h e r e  was a d e c l i n e  o f  35% i n  pod 

numbers. The p a t t e r n  o f  f l o w e r i n g  i n  Y. r o t a t a  was s i m i l a r  t o  M. 
polymorpha, w h i l e  t h a t  o f  t h e  o the r  ecotypes o f  M. r i g i d u l a  and M. 
noeana were s i m i l a r  t o  1. r i g i d u l a  s e l e c t i o n  1919. 1. minima 

accession 3/C was s t r i k i n g l y  d i f f e r e n t  i n  t h a t  t h e r e  was a steady 

inc rease  i n  pod numbers w i t h  o n l y  a s l i g h t  d e c l i n e  a f t e r  13 May. 

4Mar 18Mar l A p r  14Apr 29Apr 13May 27May 1 Jul 

Fig. 3.3: Flower number (h is tograms) ,  immature pods ( c l o s e d  c i r c l e s )  
and mature pods (open c i r c l e s )  o f  (a )  M. r i g i d u l a  
s e l e c t i o n  1919 and (b )  & polymorpha variety- ah d u r i n g  
f l o w e r i n g  i n  spr ing.  



The small d e c l i n e  i n  mature pod numbers a f t e r  20 May rep resen ts  

l o s s e s  a s s o c i a t e d  w i t h  wind and c r a c k i n g  s o i l s ,  and has no 

b i  01 og i  ca l  s i g n i f i c a n c e .  

The numbers o f  f l o w e r s  ( s o l i d  c i r c l e s )  and pods (open c i r c l e s )  

a t  each node o f  p r imary  stems on M. r i g i d u l a  s e l e c t i o n  1919 (F ig .  

3.4a) and M. polymorpha (Fig.  3.4b) a r e  shown i n  F ig .  3.4. The node 

numbered one f o r  each ecotype i s  t h e  node a t  which t h e  f i r s t  f l o w e r  

appeared, and t h e r e a f t e r  each node i s  numbered consecut ive ly .  The 

f i r s t  node o f  1. r i g i d u l a  appeared on t h e  same day as t h e  7 t h  node 

o f  1. polymorpha (25 March) hence t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  two  

species on t h e  F igure.  

I n  t h e  case o f  pl. r i g i d u l a  t h e  g r e a t e s t  number o f  b o t h  f l o w e r s  

(4.3) and pods (1.7) per node appeared a t  t h e  second node, t h e r e  

be ing  a  gradual  d e c l i n e  t h e r e a f t e r  such t h a t  t h e  l a s t  nodes r a r e l y  

had more t h a n  one f l o w e r ,  which u s u a l l y  d i d  not  mature t o  fo rm a 
pod. The g r e a t e s t  s u r v i v a l  o f  f l o w e r s  appeared t o  be around node 7. 

I n  1. polymorpha t h e  g r e a t e s t  number o f  b o t h  f l o w e r s  and pods 

occurred on nodes 10 and 11 where n e a r l y  a l l  f l o w e r s  matured t o  

pods. Both t h e  ear ly -produced f l owers ,  and those  produced l a t e  

(where mo is tu re  may have been l i m i t i n g )  had h igher  m o r t a l i t y ,  

especi  a1 1  y those  produced e a r l y  . 

Most o f  t h e  remain ing spec ies  had p a t t e r n s  s i m i l a r  t o  M. 
r i g i d u l a ,  t h e  excep t ion  being M. minima which produced 2  f l o w e r s  per 

node a t  a l l  b u t  t h e  l a s t  few nodes, and where f l o w e r  s u r v i v a l  was 

around 80%, aga in  a t  a l l  nodes. 

F ig .  3.4 a l s o  shows seed s i z e  a t  each node. The l a r g e s t  seeds 

( 9  mg i n  M. r i g i d u l a  s e l e c t i o n  1919) were from t h e  f i r s t  4-5 nodes, 

w h i l e  seeds f rom la te -p roduced  f l o w e r s  were smal ler  i n  a l l  species 

except 1. coronata.  Indeed i n  M. r i g i d u l a  s e l e c t i o n  1919 

la te -p roduced  seeds were b a r e l y  40% o f  t h e  mass o f  seeds produced by 



Fig. 3.4: Number o f  f l o w e r s  ( c losed  c i r c l e s )  and pods (open c i r c l e s )  
a t  each node ( t h e  node numbered one i s  t h e  f i r s t  node a t  
which f l o w e r s  appeared) a long  a  p r imary  stem o f  (a)  r?, 
r i g i d u l a  s e l e c t i o n  1919 and (b )  M. 01 mor ha v a r i e t y  Tah. 
The broken l i n e s  a t  t h e  t o p  o f  5 ) w r e p r e s e n t  t h e  
mass o f  i n d i v i d u a l  seeds a t  each node o f  each species 
r e s p e c t i  ve ly .  



e a r l y  f l o w e r s  probably  i n d i c a t i n g  an eve r - i nc reas ing  l e v e l  o f  

s t ress.  The s i g n i f i c a n c e  o f  s t r e s s  on hardseededness w i l l  be 

discussed l a t e r  (exper iment 3.7). Mean seed s i z e  v a r i e d  f rom 0.5 mg 

(M. coronata)  t o  8.6 mg @. r i g i d u l a  s e l e c t i o n  1919), t h e  l a r g e  

seeded ecotypes be ing M. r i g i d u l a  s e l e c t i o n  716 (7.2 mg), M. r o t a t a  

s e l e c t i o n  1943 (6.6 mg), M. r o t a t a  s e l e c t i o n  2123 (6.2 mg), M. - 
t u r b i n a t a  access ion 7/6 (5.9 mg) and M. noeana access ion SA 15845 

(4.9 mg), and t h e  sma l le r  seeded be ing M. r i g i d u l a  s e l e c t i o n  1900 

(4.2 mg), 1. noeana accession SA 15497 (3.7 mg), 1. t r u n c a t u l a  cv. 

Jemalong (3.5 mg),  M. polymorpha v a r i e t y  Tah (3.1 mg), M. minima 

accession 3/C (1.5 mg) and - M. coronata  accession 2512 (0.5 mg). 

Flower s u r v i v a l  was c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  number o f  

f l o w e r s  which appeared a t  a l l  nodes on p r imary  stems by t h e  number 

o f  pods which s u r v i v e d  t o  m a t u r i t y :  s ince  t h e  p l a n t s  a1 so produced 

secondary and t e r t i a r y  stems it i s  p o s s i b l e  t h a t  on these  stems 

f l o w e r  s ~ i r v i v a l  d i f f e r e d  f rom t h a t  shown i n  Table 3.1. I n  any event 

f l b w e r  s u r v i v a l  v a r i e d  f rom 37% @. r i g i d u l a  s e l e c t i o n  1919) t o  81% 

(1. minima accession 3/C), and, over a l l  species,  was r e l a t e d  t o  pod 
2  

mass ( F i g  3.5, r =0.77, P<0.001). An e q u a l l y  c l o s e  r e l a t i o n s h i p  

e x i s t s  between s u r v i v a l  and what we have termed t h e  p o t e n t i a l  s i n k  

a t  each node-the number o f  f l o w e r s  m u l t i p l i e d  by t h e  pod mass. It 

w i l l  be seen l a t e r  t h a t  t h i s  te rm p r e d i c t s  f l o w e r  s u r v i v a l  more 

a c c u r a t e l y  t h a n  pod mass when l a r g e r  numbers o f  species and ecotypes 

a r e  taken  i n t o  account. 

The r e s u l t s  show t h a t  cons ide rab le  v a r i a t i o n  i n  f l o w e r  s u r v i v a l  

e x i s t s  i n  t h e  medics suggest ing t h a t  s e l e c t i o n  f o r  s u r v i v a l  w i l l  

r e s u l t  i n  g a i n s  i n  seed product ion.  Furthermore it i s  c l e a r  t h a t  

smal l  pods a r e  an i n d i c a t o r  o f  h i g h  f l o w e r  s u r v i v a l .  Flower 

p roduc t ion  and pod s u r v i v a l  w i t h i n  genotypes v a r i e s  w i t h  t i m e  (Fig.  

3.4), and i t  t h e r e f o r e  may a l s o  be p o s s i b l e  t o  s e l e c t  f o r  genotypes 

w i t h  h i g h  e a r l y  f l o w e r  p roduc t ion  and s u r v i  val when environmental  

s t r e s s  would appear t o  be l e a s t .  
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Fig. 3.5: The r e 1  a t i o n s h i  p  between f l o w e r  s u r v i v a l  (percentage o f  
o r i g i n a l  f l o w e r  number) w i t h  pod mass. The l i n e a r  
r e l a t i o n s h i p  i s  s i g n i f i c a n t  a t  P<0.001. 

Experiment 3.1 ill u s t r a t e s  t h e  Program's a t tempts  t~ i n t r o d u c e  

o b j e c t i v e  s e l e c t i o n  c r i t e r i a  t o  i t s  medic improvement work. Such 

c r i t e r i a  a r e  bad ly  neeaed if we a r e  t o  ach ieve r a p i d  progress and 

a v o i d  t h e  l o n g  s t u d i e s  necessary where genotype s u r v i v a l  w i t h i n  

r o t a t i o n s  i s  t h e  o n l y  r e l i a b l e  c r i t e r i a  (as i s  t h e  case a t  p resen t ) .  

- P.S. Cocks 

Experiinent 3.2: phenol ogy of  63 medic 

accessions (Preschedul e M28) 

The o b j e c t i v e s  o f  experiment 3.2 were t h r e e f o l d :  f i r s t l y  t o  see 

whether t h e  d e t a i l e d  r e s u l t s  ob ta ined  i n  exper iment 3.1 have wide 



Table 3.2. The  species t e s t ed  in experiment 3.2, and t h e i r  

or ig ins .  

Species Number of e n t r i e s  Origins 

M. aculeata - 
M. bl ancheana - 
M. constri  c ta  - 
M. coronata - 
M. granadensis - 
M. l i t t o r a l  i s  - 
M. minima - -  
M. noeana - -  
M. orbicular i s  - 
M. pol ymorpha - 
M. rad ia ta  - 
M. r ig idula  - 
M. ro t a t a  - -  
M. scu te l l a t a  - 
M. t runcatula - 
M. turbinata - 

Syria 

Syria 

Syria 

Syria 

Syria 

Syria 

Syria 

Syria ,  I raq,  Turkey 

Syria 

Syr ia ,  Austral ! a 

Syria 

Syr ia ,  Turkey 

Syr ia ,  Turkey 

Syr;a, Austral ia  

Austral i a  

Syria 

Total 63 

general i t y  among medics, second1 y whether variat ion in  flower 

survival e x i s t s  within species,  and f i n a l l y  t o  r e l a t e  flower 

survival t o  other  cha rac t e r i s t i c s  of flower and seed production. 

In  most cases ,  t h e  e n t r i e s  (Table 3.2) were se lec ted  from 

accessions col l  ected during s tudies  on the  d i s t r i bu t ion  of medics 

(Cocks and Ehrman 1987). Many of t h e  Australian c u l t i v a r s  were 

included, as  were t h e  most promising accessions selected a t  ICARDA 



over t he  l a s t  5 years. There were more accessions of M. r ig idu la ,  

M. polymorpha, and M. ro t a t a  than of other species: experience has - 
shown t h a t  these species a r e  well adapted t o  cerea l lpas ture  

ro t a t ions  i n  west Asia and north Africa. Species such a s  1. 
coronata were included because they have small pods and apparently a 

low r a t e  of pod abortion. Within species an attempt was made t o  

se l ec t  accessions with diverse pod s i zes  and flowering times. 

The e n t r i e s  were sown in  ' J i f f y '  pots i n  the greenhouse and 

transplanted t o  t h e  f i e l d  a t  appearance of the f i r s t  t r i f o l i a t e  

l e a f .  There were 10 plants  per entry i n  each r ep l i ca t e  and th ree  

repl ica tes .  Row spacing was 1.5 m and t h e  space between plants  

within rows was 0.5 m. Allocation of rows in  each r ep l i ca t e  t o  

e n t r i e s  was a t  random except t h a t  t h r e e  controls  (M. r ig idula  

se lec t ion  716, M. ro t a t a  se lec t ion  2123 and M. t runcatu la  cv. 

Jemalong) were planted every 15 rows. 

Grass weeds were control1 ed with Fus i l lade ,  and other  weeds 

mechanically. 

The fol 1 owing parameters were recorded: 

- flowering time - day on which each plant began flowering; 

- number of flowers and pods per inflorescence - a s  in  

experiment 3.1 ; 

- mass of randomly selected pods; 

- number of seeds per pod; and 

- indi vidual seed mass. 

The r e s u l t s  confirm tha t  flower and pod abortion in  medics i s  

widespread. Flower survival varied from 27% (one accession of M. 
blancheana) t o  93% ( f o r  one accession of M. rad ia ta) .  Those 



accessions common t o  bo th  exper iments gave s i m i l a r  r e s u l t s  w i t h  11. 
coronata  (79%), 4. minima (83%), and - M. polymorpha (70%) having 

s u b s t a n t i a l l y  g r e a t e r  fl ower r e t e n t i o n  t h a n  4. r i g i d u l a  (49%), M. 
r o t a t a  (54%) ,  and M. t r u n c a t u l a  (46%). W i t h i n  species t h e r e  was 

wide v a r i a t i o n  - i n  M. r i g i d u l a  (33 - 70%) and M. polymorpha (58 - 
87%). 

I n  l o o k i n g  a t  t h e  f l ower  and pod c h a r a c t e r i s t i c s  o f  t h e  63 

ecotypes i t  i s  use fu l  t o  o rde r  t h e  data i n  such a  way t h a t  i t  can be 

cons idered i n  groups. For t h a t  reason t h e  data was sub jec ted  t o  

several  forms o f  m u l t i - v a r i a t e  a n a l y s i s :  K-means c l u s t e r i n g  

(Engelman & H a r t i g a n  1983), p r i n c i p a l  f a c t o r  ana lys i s ,  and step-wise 

mu1 t i p l e  reg ress ion .  The f o l l  owing parameters were i ncl  uded i n  t h e  

analyses: da te  o f  f l o w e r i n g ,  node number o f  f i r s t  i n f l o r e s c e n c e ,  

mean number o f  f l o w e r s  per node, r a t e  o f  f l o w e r i n g ,  pods r e t a i n e d  

per node, pod mass, seeds per pod, i n d i v i d u a l  seed mass, mass o f  

seeds i n  pods as a  percentage o f  pod mass, mass o f  pods per p l a n t ,  

mass o f  seeds per p l a n t ,  and t h e  p o t e n t i a l  s i n k  a t  each node (pod 

mass x number o f  f l o w e r s  per node). 

I n  K-means c l u s t e r i n g  i t  i s  p o s s i b l e  t o  s e l e c t  t h e  number o f  

c l u s t e r s  formed by t h e  data. A f t e r  examining t h e  composi t ion o f  

groups, a  r e s u l t  which produced 10 c l u s t e r s  was se lec ted.  The 

composi t ion o f  t h e  c l u s t e r s  i s  shown i n  Table 3.3, t h e  

c h a r a c t e r i s t i c s  o f  each c l u s t e r  i n  Table 3.4, and t h e  r e l a t i o n s h i p s  

between c l u s t e r s  ( i n  terms o f  s t a t i s t i c a l  d i s tance)  i n  F ig .  3.6. 

I n  F ig .  3.6, t h e  a b i l i t y  o f  f l o w e r s  t o  be r e t a i n e d  inc reases  

f rom l e f t  t o  r i g h t  (Tab le  3.4). Groups t o  t h e  l e f t  i n  F ig .  3.6 a r e  

a l s o  c h a r a c t e r i z e d  by l a r g e  pods, l a r g e  seeds, and h i g h  values o f  

' p o t e n t i a l  s i n k ' .  J. s c u t e l l a t a ,  M. o r b i c u l a r i s ,  M. acu leata ,  and 

M. t u r b i n a t a  a r e  r e s t r i c t e d  t o  these groups, w h i l e  1. coronata,  M. - 
minima M. r a d i a t a ,  and M. l i t t o r a l i s  a r e  r e s t r i c t e d  t o  groups -9 - 
c h a r a c t e r i s e d  by h i g h  f l o w e r  r e t e n t i o n ,  and small pod and seed mass. 



Table 3 . 3 .  Composition of the 10 groups formed by K-means 

c lus ter ing  based on 13 flower and seed cha rac t e r i s t i c s .  

Species (number of ecotypes) Group No. No.of cases 

M. scu te l l a t a  ( 1 ) ;  M. o rb i cu la r i s  (1) 1 

M. tu rb ina ta  (2 )  2 

M. aculeata (2)  3 

M. blancheana (2 ) ;  M. r o t a t a  ( 2 ) ;  4 

M.  r ig idula  

M. o rb i cu la r i s  ( 2 ) ;  M. s c u t e l l a t a  ( 1 ) ;  5 

M. cons t r ic ta  ( 1 ) ;  M. r igsdula ( 1 )  

M. r ig idula  ( 3 ) ;  M. r o t a t a  (2 ) ;  6 

M. granadensis (2) ;  M. blancheana (1)  

M. r o t a t a  (4 ) ;  M.  r i g idu la  (3 ) ;  7 

M. polymorpha ( 2 ) ;  M. noeana ( 1 ) ;  Jemalong 

M. polymorpha (3) ;  M. noeana (3) ;  M. ro t a t a  (2 ) ;  8 

M. blancheana (1); M. r ig idula  ( 1 ) ;  M. l i t t o r a l i s  (1 )  

M. polymorpha ( 4 ) ;  M. r ad ia t a  (3 ) ;  9 

M. r ig idula  (1 ) ;  M. l i t t o r a l i s  (1) 

M. coronata ( 4 ) ;  M. minim (2) ;  M. r ad ia t a  ( 2 )  10 

Some species,  most notably fl. r i g i d u l a ,  a r e  d i s t r i bu ted  widely 

across t h e  groups, being absent only from t h e  extremit ies .  M. 
polymorpha i s  present only in  groups 7 ,  8, and 9, while M. noeana i s  

r e s t r i c t e d  t o  groups 7 and 8. fl. r o t a t a  and fl. blancheana a r e  only 

s l i g h t l y  l e s s  variable than M. r ig idu la .  

Principal f ac to r  ana lys is  was l e s s  he1 pful i n  dist inguishing t h e  

groups than K-means c lus ter ing .  However t h e  cor re la t ion  matrix 

(Table 3.5) revea ls  some in t e re s t ing  re la t ionships .  I f  r = 0.7 ( r  
2 

= 0.49) i s  taken a s  t h e  c r i t e r i o n  for  se lec t ing  useful r e l a t ionsh ips  
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D:stance o f  each case fro7 t he  centre o f  the  largest cluster 

Fig. 3.6: The s t a t i s t i c a l  d i s tance  between t h e  10 c l u s t e r s  formed by 
K-means c l  us ter !  ng. The composi t ion and c h a r a c t e r i s t i c s  
o f  each c l u s t e r  a r e  shown i n  Tables 3.3 and 3.4 
r e s p e c t i v e l y  (see t e x t ) .  The symbols d i f f e r  so t h a t  each 
ad jacent  c l u s t e r  can be c l e a r l y  seen. 

o n l y  seven o f  78 p o s s i b l e  r e l a t i o n s h i p s  emerge. O f  t hese  probably  

f o u r  a r e  expected: date o f  f l o w e r i n g  and node o f  f i r s t  

i n f l o r e s c e n c e ,  f l o w e r s  per node and pods per node, pod mass and 

seeds per pod, and pods pe r  p l a n t  and seeds pe r  p l a n t .  The 

remain ing t h r e e  deserve f u r t h e r  cons ide ra t ion .  

There i s  a  c l o s e  r e 1  a t i o n s h i  p  between r a t e  o f  f l o w e r i n g  and date  

o f  f l ower ing .  Closer examinat ion o f  t h e  data  r e v e a l s  t h a t  r a t e  o f  

f l  oweri  ng i s  strong1 y dependent on ambient temperature,  and t h a t  

v a r i a b i l i t y  i n  r a t e  o f  f l o w e r i n g  i s  an exp ress ion  o f  mean 

temperature  du r ing  f l ower ing .  Pod mass i s  c l o s e l y  r e l a t e d  t o  

p o t e n t i a l  s i n k ,  a  no t  s u r p r i s i n g  r e s u l t  s ince  pod mass i s  a  

component o f  p o t e n t i a l  s ink .  The most i n t e r e s t i n g  r e s u l t  however i s  

t h a t  percentage f l o w e r  r e t e n t i o n  i s  more c l o s e l y  r e l a t e d  t o  

p o t e n t i a l  s i n k  ( r  = -0.775) t h a n  t o  pod mass ( r  = -0.636). 

F ig .  3.7 i l l u s t r a t e s  t h i s  r e l a t i o n s h i p .  Al though, as desc r ibed  

e a r l i e r ,  t h e  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  i s  h i g h l y  s i g n i f i c a n t ,  a  

goodness o f  f i t  t e s t  i n d i c a t e s  t h a t  a  h igher  degree ( q u a d r a t i c )  
2 

polynomial  shou ld  be used. The m u l t i p l e  r va lue o f  a  q u a d r a t i c  
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P o t e n t i a l  sink (mg per node) 

Fig.  3.7: The r e l a t i o n s h i p  between f l o w e r  s u r v i v a l  and t h e  mean 
p o t e n t i a l  s i n k  ( f l o w e r  number per i n f l o r e s c e n c e  x pod 
mass) a t  each f l o w e r i n g  node f o r  63 medic accessiong. The 
l i n e a r  r e l a t i o n s h i p  i s  s i g n i f i c a n t  a t  P<0.001, r =0.60, 
and c u r v i l  i n e a r i t y  improves t h e  f i t  (P<0.001) such t h a t  
r2=0.69. 

polymonial  i s  0.69, compared t o  0.60 f o r  t h e  l i n e a r ,  t h e  improvement 

i n  f i t  be ing h i g h l y  s i g n i f i c a n t  (P<0.001). 

However, even more o f  t h e  v a r i a t i o n  i n  f l o w e r  r e t e n t i o n  can be 

accounted f o r  us ing  s tep-wise m u l t i p l e  regress ion.  O f  t h e  12 

v a r i a b l e s  t h a t  can be entered, e i g h t  account f o r  some of t h e  

v a r i a t i o n  i n  r e t e n t i o n ;  i n  o rde r  o f  e n t r y  t h e y  a r e  p o t e n t i a l  s ink ,  

pods pe r  node, f l o w e r s  per node, pod mass, seeds per pod, seed mass, 

percentage seed i n  pods, and node o f  f i r s t  i n f l o rescence .  When a l l  
2 

e i g h t  v a r i a b l e s  a r e  i n c l u d e d  r = 0.92 (Table 3.6), a  h i g h  f i g u r e  



Table  3.6. Order o f  e n t r y  o f  r e g r e s s i o n  c o e f f i c i e n t s ,  and F  t e s t s  

t o  e n t e r  and remove v a r i a b l e s ,  a f t e r  s tep-wise m u l t i p l e  r e g r e s s i o n  

u s i n g  t h e  13 v a r i a b l e s  measured i n  exper iment 3.2. The f i v e  

remain ing v a r i a b l e s  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r e l a t i o n s h i p .  

V a r i a b l e  M u l t i p l e  
2 

r r i n  r e n t e r  remove 

P o t e n t i a l  s i n k  0.7751 

Pods per node 0.7962 

F lowers  per node 0.8661 

Pod mass 0.9244 

Seeds per pod 0.0364 

Seed mass 0.9444 

Percentage o f  seeds i n  pods 0.9558 

Node uf i n f l o r e s c e n c e  0.9591 

Since p o t e n t i a l  s i n k  i s  d e r i v e d  f r o m  pod mass i t i s  i n t e r e s t i n g  

t o  conduct a  second step-wise r e g r e s s i o n  i n  which p o t e n t i a l  s i n k  i s  

not  a fac to r .  In t h i s  case o n l y  node o f  f i r s t  i n f l o r e s c e n c e  
2 

i nc reases  t h e  m u l t i p l e  r value, i n c r e a s i n g  i t  f rom 0.40 ( f o r  pod 

mass a lone)  t o  0.47. It seems t h a t  p o t e n t i a l  s i n k  i s  a f a r  more 

va luab le  p r e d i c t o r  o f  a  species a b i l i t y  t o  r e t a i n  f l o w e r s  t h a n  i s  

pod mass. 

The r e s u l t s  show t h a t  i f  f l o w e r  s u r v i v a l  i s  i m p o r t a n t  i n  

o b t a i n i n g  h i g h  seed y i e l d ,  i t  can be p r e d i c t e d  i n  nu rse ry  rows by 

s imp ly  coun t ing  t h e  number o f  f l o w e r s  a t  each node, and weighing t h e  

pods. O f  these two  parameters, pod mass i s  t h e  more u s e f u l ,  and t h e  

e a s i e s t  t o  measure. - P.S. Cocks 



Experiment 3.3: effectiveness of self-fertilization 

(Preschedul e R8) 

The ob jec t ive  o f  experiment 3.3 was t o  determine whether one o f  

t h e  reasons f o r  f lower 1 oss i n  medics i s  incomplete 

s e l f - f e r t i l i z a t i o n  o f  t h e  flowers. 

Annual medics a re  predominantly sel f - f e r t i l  ized, f e r t i l  i z a t i  on 

usua l ly  occurr ing before t h e  f lowers open. I f  f lowers f a i l  t o  

s e l f - f e r t i l i z e  they w i l l  drop from the  p lan t  and hence may 

cons t i t u te  par t  o f  t h e  l o s s  o f  f lowers r e f e r r e d  t o  e a r l i e r .  Those 

f lowers which f a i l  t o  s e l f - p o l l i n a t e  can be induced t o  do so by 

mechanical 1 y 'tri ppi ng ' them. 

Two en t r i es  (ea r l y  and l a t e  f lower ing)  o f  M. polymorpha (cv. 

C i r c l e  Val ley, va r i e t y  Tah), 1. r i g i d u l a  (se lec t ions  716 and 1868), 

M. r o t a t a  (se lec t ions  1943 and 2123), and M. noeana (accessions SA - -  
15845 and SA 15497) were inc luded i n  t he  experiment. On selected 

p lan ts  a l l  f lowers on one stem were t r i p p e d  each morning and f lower 

surv iva l  compared t o  t h a t  on a contro l  stem. There were four  

rep1 i cates. 

As i n  Experiments 3.1 and 3.2, t he  e n t r i e s  were sown i n  ' J i f f y '  

pots and l a t e r  t ransp lan ted  t o  t he  f i e l d .  There were t e n  p lan ts  per 

row, rows being 1.5m apart and 0.5m between p lan ts  w i t h i n  rows. 

A1 l o c a t i o n  o f  rows t o  e n t r i e s  was a t  random. 

As before, weeds were con t ro l l ed  as necessary. 

The parameters measured were: 



Table 3.7. F l owe r  r e t e n t i o n  ( a s  a p e r c e n t a g e  o f  f l o w e r s  p roduced)  

f o r  e l g h t  e c o t y p e s  o f  f o u r  spec 'es w f t h  and w; thout  a r t i f i  c i a 1  t r i p p i n g  

o f  t h e  f l o w e r s  t o  i n d u c e  s e l f  pollination. 

Spec ies  and e c o t y p e  F l  ower r e t e n t i  on  

W i t h o u t  t r i p p i n g  W l t h  t r i p p i n g  

M. r o t a t a  s e l e c t i o n  1943 - -  
M. r o t a t a  selection 2123 - -  
M. po l ymorpha  v a r i e t y  Tah - 
M. po l ymorpha  cv. C i r c l e  V a l l e y  - 
M. noeana access 'on  SA15485 - -  
M. noeana a c c e s s i o n  SA15497 - -  
M. r i g i d u l a  s e l e c t i o n  716 - 
M. r f g i d u l a  s e l e c t i o n  1868 - 

Mean 60 60  

- number and s u r v i v a l  o f  f l o w e r s  - t h e  d a t e  o f  appearance  o f  

each  i n f l o r e s c e n c e ,  t h e  number o f  f l o w e r s  on each  

i n f l o r e s c e n c e ,  and  t h e  number o f  d e v e l o p i n g  pods on each 

i n f l o r e s c e n c e  were r e c o r d e d  a t  t hree-day i n t e r v a l  s; and 

- pod s i z e ,  seed s i z e ,  and seeds pe r  pod were measured as  i n  

Expe r imen t  3.2. 

The r e s u l t s  showed t h a t  were no e f f e c t s  o f  t r i p p i n g  o n  f l o w e r  

r e t e n t i o n  i n  any s p e c i e s  ( T a b l e  3.7). - P.S. Cocks 



Experiment 3.4: seed production o f  promising medics a t  
two d e n s i t i e s  (Preschedul e M28) 

The o b j e c t i v e  o f  t h i s  experiment was t o  r e l a t e  seed y i e l d  i n  

swards t o  t h e  p h y s i o l o g i c a l  data c o l l e c t e d  i n  exper iments 3.1, 3.2, 

and 3.3. 

The f o l l o w i n g  medics were sown a t  l o w  (10 kg per ha) and h i g h  

(200 kg per ha) d e n s i t i e s .  

M. polymorpha, v a r i e t y  Tah - 
M. r i g i d u l a  s e l e c t i o n  1900 - 
M. noeana accession SA 15845 - -  
M. noeana s e l e c t i o n  1938 - -  
M. r i g i d u l a  s e l e c t i o n  716 - 
M. r o t a t a  s e l e c t i o n  2123 - -  
M. t r u n c a t u l a  cv. Jemalong - 

There were 4 r e p l i c a t e s  o f  a  randomized complete b lock .  P l o t  

s i z e  was 2m x 15m. 

The whole area was c u l t i v a t e d  t o  o b t a i n  a  good seed bed. A f t e r  

t h e  f i r s t  r a i n s  seed, which had p r e v i o u s l y  been i n o c u l a t e d  and l i m e  

p e l l e t e d ,  was sown w i t h  a  p l o t  seeder. Grass weeds were c o n t r o l l e d  

w i t h  chemicals and by handweediny. The s i t e  r e c e i v e d  a  d ress ing  

o f  60 kg per ha o f  P 0 . 
2  5 

The f o l l  owing data were c o l l  ec ted:  

- herbage y i e l d  a t  2 week i n t e r v a l  s  beg inn ing i n  e a r l y  March 
0 

i n  quadrats  o f  l m  x Im. Herbage was d r i e d  a t  90 C and 

weighed; 



- p l a n t  numbers a t  t h e  f i r s t  harvest  by count ing t h e  number 

o f  p l a n t s  i n  a  subsample o f  t h e  sample used t o  measure 

herbage y i e l  d; 

- seed y i e l d  a t  t h e  end o f  t h e  growing season i n  an area o f  

2m x  Im. The number and mass o f  pods and seeds were 

measured, and t h e  mass o f  i n d i v i d u a l  seeds recorded; 

- a f t e r  appearance o f  t h e  f i r s t  f l owers ,  t h e  number o f  

i n f l o r e s c e n c e s ,  number o f  f l o w e r s ,  and number o f  pods; and 

- a t  each ha rves t ,  t h e  number o f  f l o w e r s  and pods on each 

node o f  10 randomly s e l e c t e d  stems. 

Herbage y i e l d  responded s t r o n g l y  t o  d e n s i t y  a t  a l l  harvest  t imes  

(F ig .  3.8). Biomass on 5  May reached 6.4 t per ha a t  h i g h  d e n s i t y  

and 2.2 t per ha a t  l o w  dens i ty .  Between ecotypes herbage y i e l d  

ranged between 5.3 t per ha (M. r o t a t a  s e l e c t i o n  2123) and 7.3 t per 

ha (M. noeana s e l e c t i o n  1938) a t  h i g h  d e n s i t y ,  and 1.3 t per ha (cv. 

Jemalong) and 2.9 t per ha (M. noeana accession SA 15845) a t  l o w  

dens i t y .  

Seed y i e l d s ,  mean seed s i ze ,  and t h e  number o f  seeds per pod a r e  

shown i n  Table 3.8. I n  bo th  t o t a l  seed y i e l d  and number o f  seeds 

per pod t h e r e  were s t rong  i n t e r a c t i o n s  between ecotype and dens i t y .  

For example, a t  h i g h  d e n s i t y ,  1. polymorpha v a r i e t y  Tah was t h e  

h ighes t  y i e l d i n g  ecotype w i t h  801 kg per ha, w h i l e  a t  l ow  d e n s i t y  

f o u r  ecotypes y i e l d e d  more seed t h a n  v a r i e t y  Tah, w i t h  M. r i g i d u l a  

s e l e c t i o n  716 g i v i n g  t h e  h ighes t  y i e l d .  Only v a r i e t y  Tah and cv. 

Jemalong y i e l d e d  more a t  h i g h  d e n s i t y  t h a n  low. Indeed M. noeana 

s e l e c t i o n  1938 f a i l e d  t o  produce seed a t  h i g h  dens i ty .  However, 

because i n d i v i d u a l  seed mass was l e s s  a t  h i g h  d e n s i t y ,  seed numbers 

were re1 a t i  vel y g rea te r .  
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March A p r i l  May 

Fig. 3.8: Accumulat ion o f  herbage (mean o f  seven spec ies)  a t  l o w  
(open c i r c l e s )  and h i g h  ( c l o s e d  c i r c l e s )  dens;t ies. 

On 21 A p r i l  t h e r e  were a  t o t a l  o f  39500 f l o w e r s  and inmature 
2 

pods per m o f  M. polymorpha v a r i e t y  Tah a t  h i g h  d e n s i t y  and 11200 

a t  l o w  dens i ty .  A t  m a t u r i t y  these numbers had f a l l e n  t o  10600 and 
2 

4000 pods per m a t  t h e  two d e n s i t i e s ,  o n l y  27% and 36% o f  f l o w e r  

and pod number present  on 21 A p r i l .  A t  h i g h  dens i t y ,  a l though  
2 

n e a r l y  8000 new f l o w e r s  per m were present  on 21 A p r i l ,  very  few, 

i f  any, matured i n t o  pods (F ig .  3.9): even o f  t h e  immature pods 
2 

present  on t h a t  day (30600 per m ) o n l y  35% reached m a t u r i t y .  I n  

c o n t r a s t ,  a t  l o w  d e n s i t y ,  many of t h e  new f l o w e r s  had become 

i m t u r e  pods by 28 A p r i l ,  bu t  by m a t u r i t y  most o f  these had 

apparen t l y  been l o s t  so t h a t  t h e  number o f  mature pods present  were 
2 

o n l y  400 per m more t h a n  t h e  number o f  i n a t u r e  pods present  on 21  
2  

A p r i l  (1600 per m ) .  It i s  c l e a r  t h a t  even a t  l o w  d e n s i t y ,  f l o w e r  



r e t e n t i o n  i s  much lower  t h a n  i n  spaced p l a n t s ,  where t h i s  ecotype 

r e t a i n e d  72% o f  a l l  f l o w e r s  produced on pr imary  stems (eg Table 

3.7). 

( a )  Law dens i ty  

( b )  High  dens i ty  

31 Mar 14 Apr 

Date 

28 Apr 6 Jul 

Fig. 3.9: Flower number (h is tograms)  and imnature/mature pod number 
o f  M, polymorpha v a r i e t y  Tah i n  swards a t  (a )  l o w  and (b )  
h igh  d e n s i t y  du r ing  f l ower ing .  



The g e n e r a l i t y  o f  t h e  r e s u l t s  i n  F ig .  3.9 f o r  t h e  o the r  species 

a r e  sumnarized i n  Table 3.9. It i s  c l e a r  t h e t  M. polymorpha v a r i e t y  

Tah was by f a r  t h e  e a r l i e s t  f l o w e r i n g  ecotype i n  t h e  exper iment,  

beg inn ing t o  f l o w e r  22 days be fo re  cv. Jemalong, t h e  nex t  ecotype t o  

f lower .  M. noeana s e l e c t i o n  1938 was a  week l a t e r  t h a n  t h e  next 

l a t e s t  ecotype. The day on which t h e  g r e a t e s t  number o f  f l o w e r s  and 

pods were present occur red l a t e r  a t  l o w  d e n s i t y  t h a n  a t  h i g h  

d e n s i t y ,  u s u a l l y  by about one week, and t h e  d i f f e r e n c e  i n  t i m e  o f  

g r e a t e s t  f l o w e r  number was g r e a t l y  reduced a t  l o w  compared w i t h  h i g h  

dens i t y .  O f  g r e a t  i n t e r e s t  i s  t h e  percentage s u r v i v a l ,  which v a r i e d  

f rom o n l y  5% (M. - r i g i d u l a  s e l e c t i o n  1900 a t  h i g h  d e n s i t y )  t o  36% (1. 
noeana s e l e c t i o n  SA 15845 and fi. polymorpha v a r i e t y  Tah a t  l o w  

d e n s i t y ) .  I n  a l l  ecotypes f l o w e r  s u r v i v a l  was g r e a t e s t  a t  l o w  

dens i t y .  

I n  f a c t  t h e  d i f f e r e n c e  i n  peak f l o w e r i n g  between l o w  and h i g h  

d e n s i t y  may s imp ly  be an anomaly assoc ia ted  w i t h  d i f f e r e n c e s  i n  

p l a n t  growth r a t e .  I n  F ig .  3.8 i t  can be seen t h a t  t h e  most r a p i d  

growth r a t e  a t  h i g h  d e n s i t y  occur red e a r l i e r  than a t  l o w  d e n s i t y :  

presumably because o f  d i f f e r e n t  shapes o f  t h e  s igmoid  g rowth  curves. 

I f  f l o w e r i n g  i s  expressed i n  terms o f  new f l o w e r s  per g  o f  herbage 

(F ig .  3.10) t h e n  t h e r e  i s  l i t t l e  d i f f e r e n c e  between d e n s i t i e s :  

indeed 1. polymorpha may reach peak f l o w e r i n g  a  few days e a r l i e r  a t  

l o w  then  a t  h igh  dens i t y .  

V a r i a t i o n  i n  seed y i e l d  a t  h i g h  d e n s i t y  can be exp la ined  by 

v a r i a t i o n  i n  f l o w e r i n g  t i m e  (F ig .  3.11): t h e r e  was a  l i n e a r  
2 

r e l a t i o n s h i p  between seed y i e l d  and f l o w e r i n g  t i m e  w i t h  r = 0.86 
2 

(P<0.001). At l ow  d e n s i t y  r = 0.05 and was not  s i g n i f i c a n t .  The 

data  on seed s i z e  presented i n  Tab le  3.8 - where mean seed s i z e  was 

l e s s  a t  h i g h  d e n s i t y  - i n d i c a t e s  s t r o n g l y  t h a t  seed p roduc t ion  a t  

h i g h  d e n s i t y  t o o k  p lace i n  a  s t r o n g l y  s t ressed  environment.  I n  such 

environments e a r l y  f l o w e r i n g  i s  a  s t r e s s  avoidance mechanism, t h e  

p l a n t s  producing seed be fo re  t h e  onset o f  severe s t r e s s .  Th is  

method o f  coping w i t h  s t r e s s  i s  o f  h i g h  re levance i n  pas tu re  legumes 
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Table 3.10 Harvest index and percentage o f  seeds ;n pods 

(by  mass) of seven medics a t  h i g h  and l o w  dens i t y .  

Harvest index Percentage seed 

Low High Low H igh  

M. noeana 1938 - -  9 0 37 N A 
(1) 

M. noeand 15845 - -  17 5 33 38 

M .pol ymor p ha Tah - 15 13 33 50 
M.  r 4 g ' d u l a  1900 - 17 3 30 36 
M .  r!g;dula 716 - 20 6 29 32 
M.  r o t a t a  2123 - -  34 8 38 45 

Jemal ong 7 7 19 32 

(1 
Not app l 'cab le ,  s ince  no seed was produced 

hnd i s  o f t e n  quoted as t h e  major reason f o r  t h e  successfu l  

p e n e t r a t i o n  o f  pas tu re  legumes i n t o  d r y  areas i n  southern A u s t r a l i a  

(eg Dona1 d  1970).  

However t h e  l o w  f l ower  r e t e n t i o n  percentages i n  Table 3.9, 

e s p e c i a l l y  a t  h i g h  d e n s i t y ,  revea l  t h e  p o t e n t i a l  t o  i ncrease seed 

y i e l d s  by d i v e r t i n g  p l a n t  resources t o  r e p r o d u c t i v e  organs. 

Th is  c o n c l u s i o n  i s  r e i n f o r c e d  by t h e  data i n  Table 3.10 which 

shows t h a t  medics a r e  i n e f f i c i e n t  seed producers, b o t h  i n  terms o f  

l o w  harvest  index,  and l o w  p r o p o r t i o n  o f  seeds i n  pods. Paying 

a t t e n t i o n  t o  a p p r o p r i a t e  f l o w e r i n g  t ime ,  and se lec t :  ng species w!th 

sma l le r  seeds and pods, l a r g e r  number o f  f l owers ,  and t h i n n e r  pod 

w a l l s ,  may l e a d  t o  h igher  seed p r o d u c t i o n  and t h e r e f o r e  g r e a t e r  

s t a b i l i t y  i n  medic fa rm ing  systems. The i n t e r a c t i o n  o f  some o f  

these f a c t o r s  w i t h  t h e  a b i l i t y  o f  seeds t o  s u r v i v e  i n g e s t i o n  by 

sheep i s  t h e  s u b j e c t  o f  t h e  next sec t ion .  - P.S. Cocks 



Experi lnent 3.5: t h e  s u r v i v a l  o f  medic seed i n g e s t e d  

by sheep (Preschedule L22) 

Seeds e i t h e r  e n t e r  t h e  seed bank o r  a r e  grazed by 1 i vestock.  As 

discussed e a r l i e r  subsequent herbage p roduc t ion  depends on t h e  

number which e n t e r  t h e  seed bank, bu t  g r a z i n g  o f  seeds d u r i n g  s u m e r  

i s  a l s o  impor tan t ,  t h e  seeds being o f  h i g h  n u t r i t i v e  value. Th is  

c o n f l i c t  o f  i n t e r e s t  w i l l  be p a r t l y  r e s o l  ved i f  some o f  t h e  seeds 

s u r v i v e  i n g e s t i o n :  a1 though n u t r i t i v e  val ue o f  sumner pastures w i l l  

be reduced, l o n g  t e r m  s t a b i l i t y  o f  t h e  system w i l l  be increased.  

O f  t h e  A u s t r a l i a n  medics however, i t  i s  known t h a t  o n l y  2-5% 

s u r v i v e  i n g e s t i o n  ( C a r t e r  1980). We know t h a t  l o c a l  medics t e n d  t o  

be harder seeded than  t h e  A u s t r a l i a n  c u l t i v a r s  and t h a t  t h e i r  seed 

s i z e  i s  more v a r i a b l e .  It i s  t h e r e f o r e  i m p o r t a n t  t o  unders tand t h e  

f a c t o r s  l e a d i n g  t o  seed s u r v i v a l  i n  west As ia  and n o r t h  A f r i c a ,  and 

t o  compare t h e  new ICARDA s e l e c t i o n s  w i t h  t h e  A u s t r a l i a n  c u l t i v a r s .  

By unders tand ing what happens t o  seed du r ing  g r a z i n g  i t  may a1 so 

be p o s s i b l e  t o  develop c r i t e r i a  f o r  s e l e c t i n g  medics w i t h  seeds 

r e s i s t a n t  t o  d i g e s t i o n .  Th is  a t t r i b u t e  would p a r t i a l l y  remove t h e  

danger o f  over -graz i  ng and g rea t1  y  simp1 i f y  g r a z i n g  management. I t  

would be necessary t o  r e t a i n  t h e  a b i l i t y  o f  seed-coats t o  become 

permeable a f t e r  d i g e s t i o n  o the rw ise  poor r e g e n e r a t i  on would be t h e  

consequence. Using sheep t o  n a t u r a l l y  d i s t r i b u t e  seed t o  b o t h  

cropped and communal l a n d  i s  a l s o  an a t t r a c t i v e  idea. 

The o b j e c t i v e s  o f  experiment 3.5 were t h e r e f o r e  t o  determine t h e  

s u r v i v a l  o f  annual pas tu re  legumes i n g e s t e d  by sheep and t o  r e l a t e  

s u r v i v a l  t o  seed c h a r a c t e r i s t i c s .  S u r v i v a l  was measured by t h r e e  

met hods : 



- t h e  equal pod mass method: a s i n g l e  200 g meal o f  pods was 

o f fered t o  e i g h t  Awassi male c a s t r a t e s  w i t h  a basal  d i e t  o f  

l e n t i l  straw. Faeces were c o l l e c t e d  a t  6, 12, 18, 24, 30, 

36, 42, 48, 60, 72, 96 and 120 h a f t e r  feeding. The number 

o f  seeds i n  subsamples o f  faeces f rom each c o l l e c t i o n  

a l l owed  e s t i m a t i o n  o f  t h e  number o f  seeds vo ided by t h e  

sheep. As a r e s u l t  o f  t h e  marked v a r i a t i o n  i n  seed s i z e  and 

number o f  seeds per pod between genotypes (Tab le  3.11), 

sheep were o f f e r e d  a wide range o f  seed numbers; 

- t h e  equal seed method: a s i n g l e  meal o f  pods es t ima ted  t o  

c o n t a i n  30,000 seeds (10,000 i n  t h e  case o f  y. acu lea ta )  was 

g i v e n  t o  e i g h t  Awassi c a s t r a t e s  and t h e  same procedure 

a p p l i e d  as w i t h  t h e  equal pod method; and 

- t h e  i n  v i v o  d i g e s t i b i l i t y  method: f o r  21 days 200 g pods 

f rom each species were o f f e r e d  t o  groups o f  f o u r  Awassi male 

c a s t r a t e s  r e c e i v i n g  a basal d i e t  o f  l e n t i l  s t raw o f  known 

d i g e s t i b i l i t y .  Th is  method comes c l o s e s t  t o  t h e  f i e l d  

s i t u a t i o n  i n  which sheep i n g e s t  300 t o  400 g per day o f  

seed, e q u i v a l e n t  t o  900 t o  1200 g pods. Both t h e  number o f  

seed voided, and d i g e s t i b i l i t y  o f  t h e  pods, was measured. A 

shortage o f  pods l i m i t e d  t h e  group s i z e  f o r  t h i s  method t o  

f o u r  sheep per species. 

A p r e l i m i n a r y  t r i a l  was conducted t o  determine t h e  number o f  

sheep needed per group. S i x t e e n  sheep were o f f e r e d  200 g 8. 
r i g i d u l a  s e l e c t i o n  716 and seed s u r v i v a l  measured us ing t h e  equal 

pod inass method. O f  t h e  12,900 seeds o f f e r e d ,  4.9% were vo ided (SE 

= 0.058). The ge rm ina t ion  r a t e s  o f  seeds removed f rom pods before 

i n g e s t i o n ,  and o f  seed voided by sheep were a1 so determined. 

Between spec ies  pod mass v a r i e d  cons ide rab ly ,  f rom 32 mg f o r  1. 
polymorpha v a r i e t y  Tah t o  276 mg f o r  1. aculeata ,  w h i l e  v a r i a t i o n  i n  



t h e  number o f  seeds per pod and average seed mass, though 

cons iderab le ,  was l e s s  (Table 3.11). The excep t ion  was seed mass o f  

T r i f o l i u m  campestre and 1. tomentosum which were much sma l le r  t h a n  

t h e  medics, 1. s t e l  l a t u m  be ing in te rmed ia te .  

Because o f  t h e  range i n  pod s i z e ,  t h e  amount o f  seed i n g e s t e d  

when 2009 pods were o f f e r e d  v a r i e d  f rom 4200 f o r  M. acu lea ta  th rough  

26000 f o r  E. polymorpha v a r i e t y  Tah t o  80,000 f o r  T. campestre and 

over  91,000 f o r  1. tomentosum. 

There were s i g n i f i c a n t  (P<0.05) d i f f e r e n c e s  between methods o f  

measuring seed s u r v i v a l .  The equal seed method a1 ways gave h igher  

s u r v i v a l  r a t e s  t h a n  t h e  equal pod mass and d i g e s t i b i l i t y  methods, 

t h e  two l a t t e r  g i v i n g  s i m i l a r  r e s u l t s  ( c o r r e l a t i o n  between these two 

method was R = 0.96, b  = 1.09). O f  these two  methods t h e  

d i g e s t i b i l i t y  method had t h e  1  owest v a r i a t i o n  between rep1 i c a t e s ,  

i n d i c a t i n g  t h a t  i t  was t h e  most accurate .  

The h igher  seed s u r v i v a l  us ing  t h e  equal seed method probably  

r e f l e c t s  t h e  g r e a t e r  number o f  seeds inges ted  compared w i t h  t h e  

o the r  methods and t h e r e f o r e  t h e  h igher  p r o b a b i l i t y  t h a t  more seeds 

w i l l  escape chewing and r u m i n a t i o n  and so be presented a t  t h e  

rumeno-ret iculum o r i f i c e  f o r  passage i n t o  t h e  abomasum. Indeed, a l l  

seeds a r e  l e s s  t h a n  3 x 1 rrm which i s  we l l  below t h e  s i z e  a t  which 

p a r t i c l e s  a r e  known t o  pass out o f  t h e  rumen. However t h e  l a r g e  

seeded medics p robab ly  undergo more rumi na t ion ,  t h u s  exposing them 

t o  g r e a t e r  m i c r o b i a l  a t t a c k .  It i s  suggested t h a t  r u m i n a t i o n  may be 

more s i g n i f i c a n t  i n  determi n i  ng seed s u r v i v a l  t h a n  o r i g i n a l  1  y 

r e a l i z e d  s i  nce undamaged seeds a r e  high1 y r e s i s t a n t  t o  m i c r o b i a l  

a t t a c k .  Seeds w i t h  coa ts  s l i g h t l y  damaged d u r i n g  r u m i n a t i o n  a r e  

probably  complete ly  d i g e s t e d  pos t - rumina l l  y even i f  t h e y  pass f rom 

t h e  rumen b e f o r e  extended exposure t o  m i c r o b i a l  ac t i on .  

The importance o f  seed s i z e  as a  f a c t o r  determin ing s u r v i v a l  i s  

shown i n  F ig .  3.12. I n c l u d i n g  data f rom T r i f o l i u m ,  t h e  square o f  
2 

t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( R  ) f o r  t h e  q u a d r a t i c  polynomial  
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Seed s i z e  (mg) 

Fig. 3.12: The r e l a t i o n s h i p  between t h e  s u r v i v a l  o f  legume seeds 
a f t e r  i n g e s t i o n  by sheep and mean seed s i ze .  The 
r e l a t i o n s h i p  was s i g n i f i c a n t l y  (P<0.001) curved, and t h e  
r e s u l t a n t  rp was 0.80. 

i n d i c a t e s  t h a t  80% o f  t h e  v a r i a b i l i t y  i n  s u r v i v a l  i s  e x p l a i n e d  by 

seed size.  Only 1% o f  und igested medic seed germinated compared 

w i t h  1.5% o f  t h e  seed recovered i n  faeces (P>0.05). Th is  suggests 

t h a t  passage th rough  t h e  d i g e s t i v e  t r a c t  o f  sheep had l i t t l e  impact 

on hard-seededness o f  t h e  su rv i vo rs .  

Medic pods a r e  r i c h  i n  p r o t e i n  and have a  h igh  d i g e s t i b i l i t y ,  

b u t  o n l y  t h e  l a t t e r  d i f f e r e d  s i g n i f i c a n t l y  between spec ies  (P<0.05) 

(Tab le  3.12). A t  these  d i g e s t i b i l i t i e s ,  and a t  i n t a k e s  o f  900 t o  

1000 g  pods d a i l y  t h e  expected s u b s t a n t i a l  ga ins  o f  ewes g r a z i n g  

medic res idues  c o n f i r m  those ac tua l1  y ob ta ined  ( ICARDA,  1986). 
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The r e s u l t s  suggest t h a t  i t  may be wor thwh i le  t o  s e l e c t  species 

w i t h  small seed s i z e  and hence g r e a t e r  numbers. However, w h i l e  t h i s  

would probably  i nc rease  s u r v i v a l  a f t e r  i n g e s t i o n ,  i t  might  a1 so 

inc rease  t h e  d i f f i c u l t i e s  o f  p l a n t  es tab l ishment ,  e s p e c i a l l y  as 

small seeds would need t o  be c l o s e r  t o  t h e  su r face  f o r  germinat ion.  

Even i n  t h e  f i r s t  yea r  t h i s  might  be d i f f i c u l t  t o  achieve: i n  

regenera t ing  pas tu re  small seed b u r i e d  a f t e r  t h e  crop may be f a r  t o o  

deep f o r  emergence. However these quest ions deserve answers, and 

emphasize once aga in ,  t h a t  by a l t e r i n g  one p a r t  o f  t h e  farming 

system t h e r e  w i l l  be consequences on o the r  pa r t s .  

What i s  q u i t e  c l e a r  however i s  t h a t  us ing  species w i t h  small 

seeds and a  h i g h  s u r v i v a l  r a t e  would remove a  major c o n s t r a i n t  t o  

t h e  system - t h e  danger o f  ove rg raz ing  i n  summer, e s p e c i a l l y  i n  

drought  years ,  which w i l l  be d i f f i c u l t  t o  a v o i d  i n  t r a d i t i o n a l  

g r a z i n g  systems. Even i f  o n l y  25% o f  t h e  seeds su rv i ved ,  and 

assuming t h a t  o n l y  o n e - t h i r d  o f  t h e  faeces were dropped back on t h e  

pasture ,  10 sheep on one ha f o r  90 days would remove 270 kg seed and 

r e t u r n  20 kg. I f  50% o f  t h e  seeds s u r v i v e d  41  k g  would be re tu rned .  

Such amounts w i l l  g r e a t l y  i nc rease  r e g e n e r a t i o n  f rom a  h e a v i l y  

grazed pasture,  and, i f  a l l  seeds a r e  grazed, enable t h e  system t o  

cont inue.  Seeds not  r e t u r n e d  t o  t h e  pas tu re  would be r e t u r n e d  t o  

o the r  g raz ing  areas, espec ia l  1  y  marginal  1  and and ce rea l  s tubb l  es 

r e s u l t i n g  i n  improvement o f  b o t h  c lasses  o f  land.  The p o i n t  i s  

e s p e c i a l l y  impor tan t  us ing  cerea l  s tubb les  i n  a  cerea l  / pas tu re  

system: i f  sheep grazed medic pods i n  t h e  morning, and cerea l  

s tubb les  i n  t h e  a f te rnoon ,  about 60% o f  t h e  seed would be dropped on 

l a n d  us ing t h e  p a s t u r e l c e r e a l  r o t a t i o n .  - E.F. Thmon, S. Rihawi, 

and P.S. Cocks 



Experiment 3.6: g e m i n a t i o n  behaviour o f  species 

growing i n  a aarginal  l a n d  pasture 

(Preschedul e M10) 

I n  Chapter 2 we discussed t h e  improvement o f  marginal l and  

through phosphate app l i ca t i on  and continuous grazing, where the  

former i s  enhancing the  legume populat ion o f  t h e  pasture and the  

l a t t e r  easing t h e  grazing pressure during seed set. Most o f  t he  

p lan ts  are annuals and t h e i r  surv iva l  r e l i e s  on seed production, 

which i s  essent ia l  f o r  pasture re-establ ishment and produc t iv i t y .  

Studies o f  changes i n  seed and p lan t  numbers w i l l  he1 p t o  understand 

margi nal 1 and ecosystems. 

Plant  densi ty  var ies between seasons and w i t h i n  each growing 

season, p a r t i c u l a r l y  f o r  legumes (F ig  3.13). I f  we a t t r i b u t e  the  

d r a s t i c  reduc t ion  between Year 1 (1984185) and 2 (1985186) t o  

grazing we simply cannot exp la in  t h e  be t te r  densi ty  i n  Year 3 

(1986/87) because Year 2 seed y i e l d  was much l ess  than t h a t  i n  Year 
2 

1 (1596 vs. 2072 seeds per m ), a t  t h e  same stocking ra te .  C lear ly  

t o t a l  r a i n f a l l  i s  p lay ing a pa r t  i n  t h i s  var ia t ion ,  and i t s  r o l e  

a1 so needs t o  be determined. 

Legumes are wel l  known f o r  t h e i r  hard seed coat (hardseededness) 

t h a t  prevents germination by preventing water uptake. The waxy 

c u t i c l e ,  suberi n, macrosclerei d, and osteoscl e re i  d 1 ayers, prevent 

water from enter ing  and can delay germination f o r  many years. Hyde 

(1954) showed t h a t  t he  hi lum acts as a one-way hygroscopic valve 

permi t t ing  water vapour t o  pass out when the  r e l a t i v e  humidity i n  

t h e  a i r  i s  very low but preventing i t s  re-entering. D a i l y  

f l  uc tua t i  ng temperature can overcome hardseededness producing some 

cracks, espec ia l l y  i n  t he  reg ion  o f  t he  micropyle, and permi t t ing  

t he  seed t o  imbibe and germinate. 



year 1 (rainfall 373 mn) - year 2 (316 mn) 

Uec Feb A P ~  

Date 

2 Fig. 3.13: The d e n s i t y  o f  legumes (pe r  m ) over t h r e e  y e a r s  i n  
u n - f e r t i l  i z e d  n a t i v e  pasture.  A l though not  grazed i n  yea r  
1 t h e  pas tu re  was grazed i n  yea rs  2 and 3 (mean o f  two  
s tock ing  r a t e s ,  see exper iment 2.1). 

Another e x p l a n a t i o n  of t h e  f l u c t u a t i o n  o f  p l a n t  d e n s i t y  between 

y e a r s  concerns t h e  r o l e  o f  g r a z i n g  animals. Legume seeds a r e  

a t t r a c t i v e  t o  animals and g raz ing  takes  p lace i n  sumner when legume 

pods a r e  eaten by sheep. Evidence o f  t h i s  was t h e  presence o f  

c l o v e r s  seeds i n  faeces c o l l e c t e d  d u r i n g  t h e  summer o f  1985 (see 

a l s o  experiment 3.5). 

The o b j e c t i v e  o f  t h i s  exper iment was t o  l o o k  a t  seed bank 

v a r i a t i o n ,  mon i to r  t h e  ge rm ina t ion  behaviour d u r i n g  t h e  season, and 

observe t h e  f a t e  of seed l i ngs  when, as occur red i n  1986/87, a l o n g  

p e r i o d  o f  drought f o l l o w s  t h e  onset o f  germinat ion.  It has been 

c a r r i e d  out on two p l o t s  o f  experiment 2.1 descr ibed i n  Chapter 2. 



Material s and Methods 

The seed bank o f  t h e  most impor tan t  species i n  exper iment 2.1 i s  

being assessed by sampling t h e  l o w  and h i g h  s tock ing  r a t e s  r e c e i v i n g  

25 kg per ha o f  P 0 . I n  each p l o t ,  t e n  s i t e s  were s e l e c t e d  a t  
2 5 

random along a t r a n s e c t  and t e n  s o i l  cores (7 cm d iameter )  were 

c o l l e c t e d  as subsamples f rom each o f  t h e  t e n  s i t e s .  The f i r s t  

sampling, done b e f o r e  t h e  f i r s t  autumn r a i n s ,  was a t  t h r e e  depths 

(0-3, 3-6 and 6-9 cm), t o  assess t h e  d i s t r i b u t i o n  o f  seeds down t h e  

p r o f i l e  (Table 3.13). A t  approx imate ly  monthly i n t e r v a l s  a f t e r  11 

December (Tab le  3.13) samples were aga in  c o l l e c t e d  f rom t h e  f i e l d ,  

removing s o i l  and p l a n t s  w i t h  t h e i r  r o o t s .  The p l a n t s  were 

separated f rom s o i l  , c l a s s i f i e d ,  counted and recorded. The seeds o f  

t h e  most common grasses and legumes (Table  3.14) were hand-sorted 

f rom t h e  s o i l  , d i v i d e d  i n t o  species,  counted and recorded. 

Table 3.13. Calendar o f  observat ions i n  Experiment 3.6. 

Month Date o f  seed Date o f  

bank sampl i ng seed1 i ng count 

October 

November 

December 

February 

March 

May 
J u l y  

September 

Quadrats  o f  50 x 50 cm spread over t h e  same s i t e s  were f i x e d  

be fo re  t h e  f i r s t  r a i n s ,  each quadrat  being d i v i d e d  i n t o  two  ha1 ves: 



Table 3-14. The species under observa t ion  i n  experiment 3.6. 

GRASSES LEGUMES 

Avena spp. T r i f o l i u m  s te l la turn ,  L. 

Bromus spp. T r i f o l  ium campestre, Schreb. 

Hetherante l  i um spp. T r i f o l i u m  tomentosum, L. 

T r i f o l i u m  angus t i f o l i um,  L. 

T r i f o l i u m  scabrum, L. 

Medi cago coronata,  (L. ) Bar t .  

T r i g o n e l l a  spp. 

Onobrychi s  spp. 

Ononis spp. 

Ast raga l  us spp. 

V i c i a  spp. 

i n  t h e  f i r s t  h a l f  seed l i ngs  o f  t h e  most common species were recorded 

and removed by fo rceps  t o  a v o i d  any s o i l  d i s tu rbance ,  w h i l e  o the r  

seed l ings  and p l a n t s  were l e f t  so t h a t  t h e  s o i l  was always covered 

by some p lan ts .  I n  t h e  second h a l f  seed l i ngs  were counted bu t  not 

removed. Dates o f  seed l ings counts a r e  shown i n  Table 3.13. 

Results and Discussion 

I n  October, j u s t  be fo re  ge rm ina t ion ,  t h e r e  were more t h a n  6000 
2 

seeds per rn and t h i s  number decreased du r ing  t h e  growing season 

reach ing  a  minimum a t  t h e  end o f  March when t h e r e  were 1000 seeds 

(Fig.  3.14). From A p r i l  t o  e a r l y  May t h e  p l a n t s  set  n e a r l y  20000 

seeds, most o f  which were s t i l l  h e l d  on t h e  mother p l a n t .  There 

were no s i g n i f i c a n t  d i f f e r e n c e s  between s tock ing  r a t e s  (Tab le  3.15). 



OC t Feb May 

D a t e  

Fig. 3.14: Change i n  seed numbers (mean o f  a l l  spec ies)  between 
October 1986 (be fo re  t h e  onset o f  autumn r a i n s )  and J u l y  
1987 ( a f t e r  t h e  l a s t  s p r i n g  r a i n s ) .  

2 
Table 3.15. Amount o f  seeds i n  t h e  seed bank (number pe r  m ) 

under l o w  (0.8 sheep per ha) and h i g h  (1.7 sheep per ha) s t o c k i n g  

r a t e .  

Month Low SR H igh  SR t- value 

Oct 12 6,555 6,251 0.21 

Dec 11 3,114 1,892 1.96 

Feb 08 1,359 1,996 0.09 

Mar 29 1,037 1,128 0.21 

May 21 19,188 21,548 0.60 

J u l  21 17,777 22,577 1.19 



The na tu re  o f  t h e  experiment makes i t  d i f f i c u l t  t o  draw 

conc lus ions on t h e  e f f e c t  o f  g raz ing ,  e s p e c i a l l y  s ince t h e  p l o t s  

under s tudy  were known t o  be v a r i a b l e  b e f o r e  t h e  exper iment began. 

Wi th  t h e  c o l l e c t i o n  o f  more data,  t i m e  t r e n d s  w i l l  a i d  

i n t e r p r e t a t i o n .  However t h e  s tudy s t rong1 y suggests t h a t  d i f f e r e n t  

species do r e a c t  d i f f e r e n t l y  t o  g raz ing ,  grasses being more common 

a t  l o w  s tock ing  r a t e  (F ig .  3.15), and legumes, e s p e c i a l l y  1. 
tomentosum a t  h i g h  s t o c k i n g  r a t e s  (F ig .  3.16). 

1 r low SR 

Oct Feb i lay 

Oa t e  

I I I I I  I 

Oct Feb :lay 

Fig. 3.15: Change i n  seed numbers i n  n a t i v e  pasture  o f  ( a )  grass and 
(b) legumes a t  l o w  ( s o l i d  l i n e )  and h i g h  (broken l i n e )  
s tock ing  r a t e s  du r ing  t h e  growing season o f  1986/87. 
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Fig. 3.16: 

Table 3.16 shows t h e  observed and expected number o f  grass and 

legume seeds and t h e  computed ch i -square vai'ues assuming as a n u l l  

T. s t e l l a t u m  - 

0 

hypothes is  t h a t  grasses and legumes would decrease a t  t h e  same r a t e .  

3 

2 

1 

Oct L)ec Feb Apr 

Change i n  seed numbers o f  Avena spp ( t o p ) ,  T. s t e l l a t u m  
(cen t re ) ,  and 1, t o m e n t o s u m ~ t o m )  a t  l o w  50- 
and h i g h  (broken l i n e )  s t o c k i n g  r a t e s  du r ing  t h e  growing 
season o f  1986187. 

-- 

P,, . . . . 
- 8 . 

'& -------A*.. - . 

T. tomentosum - 



A l l  t h e  chi-squared val  ues a r e  h i g h l y  s i g n i f i c a n t  and t h e  d e v i a t i o n s  

o f  t h e  observed f rom t h e  expected number o f  seeds became l a r g e r  and 

l a r g e r ;  these d e v i a t i o n s  a r e  p o s i t i v e  i n  grasses ( t h e i r  decrease was 

f a s t e r )  and nega t i ve  i n  legumes ( t h e i r  decrease was s lower ) .  I n  

March 98.8% o f  seeds remain ing i n  t h e  s o i l  were legumes. 

A t  each sampling t h e  c y l i n d r i c a l  u n i t  was subd iv ided  i n t o  t h r e e  

depths and seeds reco rded  separate ly .  Chi-square va lues f o r  each 

depth  were computed assuming as a n u l l  hypothes is  t h a t  seeds would 

decrease e q u a l l y  w i t h  t i m e  a t  each depth  (Table 3.17). However 

legume seeds present i n  t h e  f i r s t  l a y e r  ( I )  decreased f a s t e r  t h e n  

those  i n  deeper l a y e r s  ( I 1  and 111) (P<0.001). I n  c o n t r a s t ,  grass 

seeds present i n  l a y e r  I decreased more s l o w l y  t h a n  those  i n  t h e  

lower  l a y e r s  (P<0.001) (Fig.  3.17). 

I 

O c t  bec Feb Apr O c t  Dec Feb Apr 

Fig. 3.17:Change i n  p o p u l a t i o n  a t  t h r e e  depths (0-3 cm, 3-6 cm, and 
6-9 cm) o f  t h e  t o t a l  seed bank ( l e f t ) ,  o f  legumes (upper 
r i g h t ) ,  and grasses ( lower  r i g h t )  d u r i n g  t h e  growing 
season o f  1986/87. Data i s  t h e  mean of a l l  t rea tmen ts .  
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Some seeds germinated on 1 October a f t e r  t h e  e a r l y  r a i n .  

Germinat ion i n  2 r a s s e s  was much h igher ,  r e s u l t i n g  i n  477 grasses 

seed l ings  per m compared w i t h  o n l y  e i g h t  legume seed l ings  (Tab le  

3.18). On t h e  28 October t h e  s u r v i v i n g  seed l ing  number was compared 

w i t h  t h e  t o t a l  number o f  seed1 i n g s  which had p r e v i o u s l y  emerged. 

There was a 1 arge r e d u c t i o n :  o n l y  53% o f  t h e  emerging seed1 i ngs had 

s u r v i v e d  u n t i l  28 October. T h i s  percentage r e d u c t i o n  was s i m i l a r  i n  

grasses and legumes (53% and 43% r e s p e c t i v e l y )  but ,  s ince  very  few 

o f  t h e  legume seeds had germinated, t h e  abso lu te  number t h a t  d i e d  
2 

was very low. On t h e  o the r  hand approx ima te l y  225 seeds per m o f  

grasses had germinated, emerged and died. 

Table 3.18. Cumul a t i  ve seed1 i ngs emerged and t o t a l  seed1 i ngs present.  

Seedl ings per mL emerged 
L 

Seed1 i ngs per m 

found 

Percent o f  

Date 07.10 14.10 21.10 28.10 28.10 r e d u c t i o n  

Grasses 300.0 446.8 468.0 477.2 252.4 52.9 

Legumes 6.4 8.4 8.4 8.4 3.6 42.9 

To ta l  306.4 455.2 476.4 485.6 256 .O 52.7 

The ge rm ina t ion  of b o t h  legumes and grasses was h i g h  i n  November 

and cont inued throughout  t h e  season (F ig .  3.18), c o n f i r m i n g  our  

observa t ions  on d e n s i t y  f rom t h e  p rev ious  t h r e e  seasons (Fig.  3.13). 

The ge rm ina t ion  p a t t e r n  o f  t h e  two  groups was s i m i l a r  a l though  t h e r e  

were more grass seed l ings  t h a n  1 egumes. 

F ig .  3.19a combines t h e  decrease o f  g rass  seeds w i t h  t h e  

inc rease  o f  g rass  seedl ings.  It seems t h a t  t h e  t w o  curves 
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Fig. 3.18: The cumu la t i ve  number o f  legume ( c i r c l e s )  and grass 
(squares) seed1 i ngs emerging d u r i  ng t h e  1986/87 growing 
season. 

complement each o the r  suggest ing t h a t  almost a l l  o f  t h e  g rass  seeds 

germinated and surv ived.  I n  legumes (F ig .  3.19b), w h i l e  seed 

numbers showed a decrease f rom 3766 (October)  t o  1695 (December) 
2 

seeds per m o n l y  806 seedl ings were counted: f o r  legumes I t  i s  

p o s s i b l e  t h a t  seeds germinated and f a i l e d  t o  emerge d u r i n g  t h e  f i v e  

weeks o f  drought i n  November/Decemb r. Never the less,  i n  c o n t r a s t  t o  5 
grasses, more t h a n  1000 seeds per m remained i n  t h e  seed bank. 

Our conc lus ions a t  t h i s  s tage a re :  

- t h e r e  was a r e d u c t i o n  i n  t h e  number o f  seeds i n  t h e  s o i l  

w i t h  t i m e  and t h i s  was cont inuous and gradual .  Grass 

seeds decreased qu icke r  t h a n  t h e  seeds o f  o the r  species 

and o n l y  0.5% o f  t h e  o r i g i n a l  p o p u l a t i o n  remained i n  
2 

March. Legume seeds a l s o  decreased b u t  1000 per m 

remained u n t i l  new seeds were formed i n  sp r ing .  It seems 

t h a t  grass seeds p robab ly  germinate more f rom lower  depths 

w h i l e  legume seeds germinate  more f rom t h e  surface; 
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Fig. 3.19: Cumul a t ?  ve emergence o f  seed1 i ngs ( s o l  i d  1 i ne) and number 
o f  r e s i d u a l  seeds (broken 1: ne) i n  (a)  t h e  g rass  and (b)  
t h e  legume seed l ing  and seed popu la t i ons  d u r i n g  t h e  
1986/87 growing season. 



- an e a r l y  r a i n  ( 1  October)  i n i t i a t e d  g e r m i n a t i o n  o f  

grasses. The r i s k  o f  a  d r y  s p e l l  and consequent l o s s  o f  

seed l ings i s  cons iderab le ,  seed1 i ng m o r t a l i t y  p robab ly  

being dependent on l e n g t h  o f  t h e  d r y  s p e l l  and r a t e  o f  

evaporat ion;  

- i t  was conf i rmed t h a t  cont inuous ge rm ina t ion  occurs  f rom 

t h e  f i r s t  r a i n s  u n t i l  March, t h e  r a t e  becoming lower w i t h  

t ime; and 

- because o f  h i g h  v a r i a b i l i t y  i t  w i l l  be necessary t o  ex tend 

t h e  s tudy  on seed banks t o  one, o r  probably  two  more 

seasons, e s p e c i a l l y  t o  observe e f f e c t s  due t o  g r a z i n g  

pressures.  - L. Russi ,  Pro f .  E.H. Rober ts  ( U n i v e r s i t y  o f  

Reading), and P.S. Cocks 

Experi lnent 3.7: hardseed breakdown and l o n g e v i t y  

o f  medic seeds (Preschedule M35) 

The o b j e c t i v e s  o f  experiment 3.7 a r e  f i r s t l y  t o  determine t h e  

l i f e - s p a n  o f  medic seed, and secondly t o  moni tor  t h e  breakdown of 

hardseeds over several  years.  Resu l t s  f r o m  t h e  f i r s t  year  are  

i ncl  uded here. 

I n  view o f  i t s  importance t o  t h e  l e y  farming system t h e r e  i s  

s u r p r i s i n g l y  1  i t t l e  i n f o r m a t i o n  about t h e  r a t e  o f  hardseed breakdown 

and t h e  long  t e r m  v i a b i l i t y  o f  hardseeds. For subter ranean c l o v e r  

(which o f t e n  r e p l a c e s  medics i n  a c i d  s o i l s ) ,  most o f  t h e  seed 

becomes permeable i n  t h e  f i r s t  summer, and l i t t l e  remains a f t e r  

t h r e e  years  (Tay lo r  3 a 1984, B o l l  and and Col l  i n s  1987), a l though  

i n  m i l d  c l ima tes  t h e  seeds may l i v e  a  l i t t l e  l o n g e r  (eg Donald 



1959). The Australian medics are known t o  be harder-seeded than 

subterranean clover (Qui nl i van 1968), and the ICARDA medics even 

harder-seeded than the Australian medics (Cocks 1987). However, in 

the case of medics, there i s  l i t t l e  pub1 ished data from Australia or 

el sewhere on hardseededness or seed viabil i ty beyond the f i r s t  

summer. 

In t h i s  experiment use i s  made of plots established in 

experiment 3.4 where seven medic species were sown at  two seeding 

rates.  Less than ha1 f the plot area was used in the ear l ier  study, 

the remainder being available t o  measure ra te  of hardseed breakdown 

in the f i r s t  summer a f te r  seed se t ,  and the seasonal pattern of 

germination during autumn and winter in the following three years. 

The plots were t i l l e d  a f te r  the f i r s t  summer, and thereafter will 

remain undisturbed, the soil being sampled each year t o  measure seed 

populations a t  various depths. 

The following seven medics were grown at  1 ow (10 kg per ha) and 

high (200 kg per ha) seeding ra tes  (see experiment 3.4): 

M. polymorpha, variety Tah - 
M. r igi  dul a ,  selection 1900 - 
M. rigidul a ,  selection 716 - 
M. noeana sel ect i on SA 15845 - -  
M. noeana selection 1938 - -  
M. rotata selection 2123 - -  
M. truncatul a cv. Jemal ong - 

There were four replicates i n  a randomized complete block. 

After completion of experiment 3.4 the remaining plot size i s  2 X 6 

m. After seed set  in the f i r s t  year, further seed set  will be 
prevented by spraying seed1 i ngs with herbicide. 



The f o l l  owi ng measurements a r e  be ing  taken:  

- seed y i e l d s  o f  each accession (as p a r t  o f  exper iment 3.4); 

- a t  2-week i n t e r v a l s  i n  each s u m r ,  beg inn ing i n  August 

1987, random samples o f  30 pods a r e  being c o l l e c t e d  f rom 

each p l o t .  I n  t h e  f i r s t  s u m r  these samples were 

ob ta ined  f r o m  t h e  surface, b u t  t h e r e a f t e r  t h e  p l o t s  w i l l  

be sampled w i t h  s o i l  cores 15cm deep. The s i t e  o f  each 

core w i l l  be marked t o  prevent  re-sampl i ng; 

- hardseededness by soaking t h e  i n t a c t  pods i n  water f o r  14 

days, c o u n t i  ng t h e  emerging seed1 i ngs, d r y i n g  and 

t h r e s h i n g  t h e  pods, and coun t ing  t h e  remain ing seeds. 

V i a b i l i t y  o f  t h e  seeds i s  being t e s t e d  a f t e r  

s c a r i f i c a t i o n ;  and 

- remain ing seeds i n  March each year  except i n  t h e  f i r s t  

year ,  when remain ing seeds w i l l  a1 so be measwed 

i m n e d i a t e l y  a f t e r  t h e  f i r s t  autumn r a i n  o f  lOmn o r  more. 

Mass o f  seeds i n  a core 15cm deep w i l l  be measured i n  5 

s t r a t a  each 3cm deep. The s i t e s  o f  sampling w i l l  be 

marked t o  prevent  re-sampl ing on t h e  same s i t e .  Four 

cores w i l l  be e x t r a c t e d  f rom each p l o t .  

Germinat ion a f t e r  t h e  sumner o f  1987 i s  shown i n  Table 3.19. 

There a r e  s t rong  d i f f e r e n c e s  due t o  b o t h  species and d e n s i t y  and a 

s t r o n g  i n t e r a c t i o n  between t h e  two f a c t o r s .  At l o w  d e n s i t y  t h e r e  

was 7% more ge rm ina t ion  o f  - M. polymorpha v a r i e t y  Tah t h a n  t h e  next  

ecotype, M. r i g i d u l  a 1900, and l e a s t  ge rm ina t ion  was o f  1. noeana 

and M. r o t a t a .  A t  h i g h  d e n s i t y  cv. Jemal ong germinated best ,  though 

no t  s i g n i f i c a n t 1  y b e t t e r  t h a n  M. p o l  ymorpha v a r i e t y  Tah, w h i l e  

ge rm ina t ion  o f  1. noeana and M. r o t a t a  was aga in  very s l i g h t .  The 

e f f e c t  o f  d e n s i t y  was s t rong  indeed, 5.7% seeds produced a t  h i g h  

d e n s i t y  ge rm ina t ing  compared w i t h  20.1% a t  1 ow dens i t y .  



Table 3.19. Germination (percentage of total  seed) of six medic 

species from seed set i n  spring 1987 af te r  autumn rains  (October 

1987). 

Low density High density 

M. noeana SA 15845 - -  10.3 
M. pol ymorpha variety Tah - 31.1 
M. rigidula selection 1900 - 24.1 
M. rigidula selection 716 - 20.9 
M. rotata selection 2123 - -  13.2 

M. truncatula cv. Jemalong - 20.9 

LSD (P<0.05) 3.9 

Analysis of variance 

DF SS MS F 

*** 
Species 5 1293.49 258.698 35-8*** 
Densities 1 2508.52 2508.52 347.5** 

Species X Density 11 321.08 29.1891 4.04 

Rep1 i cates 3 40.33 13.443 1.86 NS 

Residual 2 7 194.90 7.2185 

Total 47 4358.32 

Were the swards t o  be used as second year pastures in 1987188 

(instead of as cereal , as i s  normal in the 1 ey farming system), the 

low density plots would be superior t o  the high density plots in a l l  



b u t  cv. Jemalong (where t h e r e  were markedly more seed1 i n g s  a t  h i g h  

d e n s i t y )  and M. polymorpha v a r i e t y  Tah (where t h e r e  was no 

d i f f e r e n c e )  (Table 3.20). The s i t u a t i o n  i n  1988189 w i l l  depend on 

t h e  breakdown o f  h a r d  seeds i n  t h e  sumner o f  1988, b u t  seed rese rves  

(and hence s t a b i l i t y  o f  t h e  system), i n  terms o f  numbers, t e n d  t o  be 

h igher  a t  h i g h  dens i t y .  

L 
Table 3.20. Number o f  seed1 i n g s  (per  m ) and number o f  dormant 

2 
seeds (per m ) o f  s i x  medics a f t e r  autumn r a i n s  i n  1987. 

Seed1 i ngs Dormant seeds 

Low H igh  Low H i g h  

M. noeana SA 15845 - -  2100 130 12900 13800 

M. polymorpha v a r i e t y  Tah - 3500 3500 7800 31300 

M. r i g i d u l a  s e l e c t i o n  1900 - 3300 350 10200 8400 
M. r i g i d u l a  s e l e c t i o n  716 - 2400 440 9300 10300 
M. r o t a t a  s e l e c t i o n  2123 - -  1150 140 7600 8600 

M. t r u n c a t u l  a cv.Jema1 ong - 570 2300 2100 15200 

The seeds remained complete ly  ha rd  (dormant) u n t i l  September 

(F ig .  3.20): breakdown o f  hardseeds was most r a p i d  between 16 

September and 1 November, a t  which t i m e  ge rm ina t ion  t o o k  place. 

T h i s  p a t t e r n  i s  cons idered i d e a l  i n  A u s t r a l i a ,  where s u n e r  r a i n s  

can cause out o f  season ge rm ina t ion  (Crawford 1983), bu t  i s  perhaps 

l e s s  impor tan t  i n  west As ia  where s u m r  r a i n s  a r e  r a r e .  I r o n i c a l l y  

p a t t e r n s  such as t h a t  i n  F ig .  3.20 a r e  o n l y  r a r e l y  observed i n  

A u s t r a l i a  (eg Tay lo r  & 1984). 

According t o  t h e  1 i t e r a t u r e  t h e  r e 1  a t i  vel y 1 ow hardseededness o f  

t h e  1 ow-density t rea tmen ts  compared w i t h  h i g h  d e n s i t y  i s  s u r p r i s i n g .  
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Fig. 3.20: Change i n  t h e  mean percentage of impermeable seeds during 
t h e  summer of 1987 of seven medics a t  high (broken l i n e )  
and low ( so l id  l i n e )  dens i t i e s .  Bars represent  L.S.D. 
values (P(0.05). 

I t  i s  generally considered tha t  seeds are  hardest ( l e a s t  permeable) 

when they a r e  produced in  conditions of low environmental s t r e s s .  

Quinl ivan (1971) quotes as  examples t h a t  seeds produced from ea r ly  

nodes are  harder than those produced 1 a t e r  (eg Yasue and Ota 1958) 

and t h a t  seeds produced in  wet areas a r e  harder than those from dry 

areas (Quinl ivan 1965). A t  Tel Hadya t h e  seeds produced a t  high 

densi ty a r e  s ign i f i can t ly  smaller than a t  low densi ty,  ( see  Table 

3 .8)  a strong indica tor  t h a t  they were produced in  a more s t ress fu l  

environment - yet they a r e  markedly harder than t h e  l a rge r  seeds 

produced a t  low density. Of course, t h i s  in terac t ion  will be of 

profound ecological value, s ince  i t  i s  precisely in  s t ress fu l  

environments t h a t  hardseededness i s  most needed. 

In another experiment, other aspects  of which are  n o t  reported 

here, 15 ecotypes of 6 medic species were sown a t  t h ree  loca t ions ,  

Tel Hadya ( r a in fa l l  340mn in  1986/87), Breda (245mn) and Salamieh 

(approximately 220mn). Mean seed y i e ld  was approximately 



p r o p o r t i o n a l  t o  r a i  n f a l l  : 542 kg per ha, 359 kg per ha and 280 kg 

per ha r e s p e c t i v e l y .  Seed s i z e  was s i m i l a r  a t  Breda (4.79 mg) and 

Tel Hadya (4.71 mg) and lower  a t  Salamieh (4.51 mg). Taken toge the r  

seed y i e l d s  and seed s i z e s  i n d i c a t e  t h a t  t h e  seeds f rom Tel Hadya 

were formed under l e a s t  s t ress ,  t h o s e  a t  Breda a t  i n t e r m e d i a t e  

s t ress ,  and a t  Salamieh a t  g r e a t e s t  s t ress .  

I n  agreement w i t h  experiment 3.7 hardseededness was p r o p o r t i o n a l  

t o  t h a t  measure of s t ress ,  t h e  average o f  a l l  species a t  Tel Hadya 

be ing  7.4% s o f t  seeds on 20 October, 5.0% s o f t  seeds a t  Breda, and 

0.22% s o f t  seeds a t  Salamieh. There was wide v a r i a t i o n  between 

species, M. s c u t e l l a t a  and - M. polymorpha 'Tah'  having by f a r  t h e  

g r e a t e s t  number of s o f t  seeds (about 30% a t  Tel Hadya). However, a t  

Salamieh, even M. s c u t e l l a t a  was o n l y  2.8% s o f t .  

The r e s u l t s  o f  t h i s  experiment i n d i c a t e  t h a t  t h e r e  i s  a c l e a r  

need t o  improve our understanding o f  t h e  environmental  f a c t o r s  

l e a d i n g  t o  hardseededness and t h e i r  i n t e r a c t i o n  w i t h  genotype. 

Experiment 3.8: comnercial  p r o d u c t i o n  o f  medic seed 

Lack o f  f a c i l i t i e s  t o  produce medic seed remains one o f  t h e  

major c o n s t r a i n t s  t o  adop t ion  o f  t h e  l e y  farming system, comnercial  

q u a n t i t i e s  o f  seed be ing  a v a i l a b l e  o n l y  f r o m  A u s t r a l i a .  S ince  t h e  

A u s t r a l i a n  c u l t i v a r s  a r e  s u s c e p t i b l e  t o  f r o s t  (Cocks and Ehrman 

1987),  and have, i n  genera l ,  performed p o o r l y  i n  west As ia  and t h e  

h i g h l a n d  areas o f  n o r t h  A f r i c a ,  t h e r e  i s  a need t o  develop sources 

o f  medics s e l e c t e d  w i t h i n  t h e  reg ion.  It i s  t h e r e f o r e  necessary 

t h a t  ICARDA do a1 1 i t  can t o  promote seed product ion.  

I n  1986/87 t h i s  promot ion took  two  courses: a t r a i n i n g  program 

was conducted i n  which weed c o n t r ~ l  i n  medic seed crops was 

i n v e s t i g a t e d ,  and ICARDA's own seed p r o d u c t i o n  was sub jec ted  t o  

economic anal y s i  s. 



For weed c o n t r o l  a  t o t a l  o f  n ine  h e r b i c i d e s  were tes ted .  F i v e  

(F1 uoredefen, Pronamid, Cyanazin, Coda1 and T r i f l  u r a l  i n) were 

pre-emergent, and f o u r  (F l  uazefol  b u t y l  , Dinoseb-acet i te ,  Bentazon, 

and 2,4 D-B) were post-emergent. Both broad- leafed and grassy weeds 

c o u l d  be c o n t r o l l e d  by i n d i v i d u a l  h e r b i c i d e s  o r  m ix tu res  as shown i n  

Tab le  3.21. The pre-emergent h e r b i c i d e s  were a p p l i e d  on 18 December 

and t h e  post-emergent h e r b i c i d e s  on 2  March, when medics were a t  t h e  

3-4 l e a f e d  stage. The exper iment was sown i m e d i a t e l y  a f t e r  

a p p l i c a t i o n  o f  t h e  pre-emergent h e r b i  c i  des. 

The p l o t s  were sampled on 26 A p r i l  t o  determine d r y  ma t te r  

p roduc t ion  o f  medics and weeds, and on 6  June t o  measure seed 

product ion.  I n  Table 3.21 medic and weed y i e l d s  a r e  expressed 

r e l a t i v e  t o  t h e  un-weeded c o n t r o l  : herbage y i e l d  o f  t h e  medic 

c o n t r o l  on 26 A p r i l  was 2.1 t per ha and weed y i e l d  was 2.2 t per 

ha. The best  r e s u l t s  were ob ta ined  us ing  Pronamid o r  a  combinat ion 

o f  F l u a z e f o l b u t y l  and D inoseb-ace t i t e  ( t reatment  1 3 ) ,  n e i t h e r  o f  

which y i e l d e d  s i g n i f i c a n t l y  l e s s  t h a n  t h e  hand-weeded c o n t r o l s .  

ICARDA produced about 3  t of medic seed i n  1986/87. The va r ious  

opera t ions  were c a r e f u l l y  monitored, and t h e  r e t u r n  f rom medic s t raw 

(assuming i t  had equal value t o  l e n t i l  s t raw)  was ca lcu la ted .  The 

f o l l  owi ng opera t ions  were i nc l  uded i n t h e  economic a n a l y s i s :  i n i  t i  a1 

c u l t i v a t i o n ,  har rowing ( t w i c e ) ,  d r i l l i n g  seed, r o l l i n g  a f t e r  sowing, 

spray ing t o  c o n t r o l  weeds ( t w i c e )  , a p p l i c a t i o n  o f  f e r t i l i z e r ,  mowing 

and r o l l i n g  t h e  mature crop, b a l i n g  straw, harrowing res idues,  and 

ha rves t ing  seed w i t h  a  s u c t i o n  harvester .  Deprec ia t i on ,  i n t e r e s t ,  

f u e l ,  1  u b r i c a t i o n  and r e p a i r  costs ,  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  

number o f  hours o f  each opera t ion ,  were inc luded.  To ta l  c o s t s  a r e  

shown i n  Table 3.22. 

The average y i e l d  o f  seed was 200 kg per ha which means t h e  cos t  

o f  produc ing t h e  seed was 30 SL per ha. Th is  compares w i t h  t h e  cos t  

o f  impor ted seed o f  16 SL per ha. 
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Table 3.22. S u m r y  o f  costs  assoc ia ted w i t h  producing medic 

seed a t  Tel Hadya. 

SL per ha 

Tota l  costs  assoc ia ted  w i t h  

machinery ( i  ncl  u d i  ng opera t ing )  

Seed 

F e r t i l i z e r  

Herb ic ides 

Other 1 abour 

Value o f  s t raw 

Net cost  

The r e l a t i v e l y  h i g h  cost  o f  ICARDA seed i s  brought about by t h e  

f o l l o w i n g  f a c t o r s :  

- expensive machinery was used; 

- t h e  cos t  o f  c lean ing  t h e  seed by hand was excessive 

because appropr ia te  machinery was not a v a i l a b l e ;  

- t h e  s u c t i o n  harvester  was i n e f f i c i e n t ,  ha rves t ing  o n l y  50% 

o f  t h e  seed; 

- y i e l d s  i n  some f i e 1  ds were l o w  because o f  inadequate weed 

c o n t r o l  ; and 

- o n l y  f i r s t  year  stands were harvested. 

Fu tu re  opera t ions  w i l l  be more e f f i c i e n t  as opera to rs  g e t  used 

t o  t h e  s u c t i o n  harvester ,  l a n d  p r e p a r a t i o n  improves, and seed i s  

harvested f rom re-generat ing crops. Indeed t h e  l a t t e r  f a c t o r  a lone 

w i l l  reduce cos ts  by almost 50% which, coupled w i t h  b e t t e r  use o f  

t h e  harvester ,  i s  expected t o  reduce cos ts  t o  much l e s s  t h a n  t h a t  o f  

impor ted seed. - A1 i Abd E l  Moneim and P.S. Cocks 



CHAPTER 4: IIPROVIffi THE GENETIC POTENTIAL OF PASTURE 

AND FORAGE LEGUMES 

Producing improved c u l  t i vars  o f  d i f f e r e n t  pas tu re  and forage 

species i s  t h e  main goal  o f  our  breeding program. We deal w i t h  

several  species i n  o rde r  t o  develop a range o f  c u l t i v a r s  f o r  

d i f f e r e n t  uses and environments. It i s  d e s i r a b l e  t o  have w i d e l y  

adapted cu l  ti vars,  a t  l e a s t  t o  t h e  e x t e n t  t h a t  t h e y  can be 

recommended f o r  p a r t i  c u l  a r  ecol og i  ca l  zones. Most o f  t h e  s e l e c t i o n  

i s  f rom ecotypes and landraces,  about 15% o f  resources f o r  p l a n t  

breed ing being a l l o c a t e d  t o  h y b r i d i z a t i o n .  

The process o f  deve lop ing fo rage  c u l t i v a r s  f rom w i l d  species 

i n v o l v e s  f i r s t 1  y germpl asm e v a l u a t i o n ,  screening, and seed 

mu1 ti p l  i c a t i o n  i n  nursery  observa t ion  rows; secondly eva l  u a t i o n  o f  

s e l e c t e d  genotypes i n  m i c r o p l o t  f i e l d  t r i a l  s; t h i r d 1  y ,  e v a l u a t i o n  o f  

promi s ing  genotypes i n  advanced y i e l d  t r i a l s ;  and f i n a l l y  

m u l t i l o c a t i o n  ( reg iona l  ) t e s t i n g  o f  s e l e c t e d  genotypes i n  d i f f e r e n t  

e c o l o g i c a l  zones. The r e a c t i o n  o f  s e l e c t e d  genotypes t o  t h e  major 

f o l  i a r  d iseases and nematodes under n a t u r a l  and a r t i f i c i a l  

c o n d i t i o n s  takes  p lace a t  a l l  stages. P a l a t a b i l i t y  and n u t r i t i v e  

va lue o f  t h e  herbage a r e  a l s o  monitored. 

A d i f f e r e n t  approach i s  used f o r  pasture  legumes. As we 

discussed i n  Chapter 3 t h e r e  a r e  few s e l e c t i o n  c r i t e r i a  which 

r e 1  i a b l y  p r e d i c t  success i n  a ce rea l  /pasture  r o t a t i o n .  Therefore  

PFLP uses a process o f  na tu ra l  s e l e c t i o n ,  where l a r g e  numbers o f  

ecotypes a r e  sown i n  m ix tu res  t o  f o r m  t h e  pas tu re  y e a r  i n  a 

r o t a t i o n .  However, where s e l e c t i o n  c r i t e r i a  can more e a s i l y  be se t ,  

as i s  t h e  case w i t h  disease r e s i s t a n c e ,  more convent iona l  s e l e c t i o n  

methods are  used (exper iment 4.8). The work on na tu ra l  s e l e c t i o n  i s  

no t  r e p o r t e d  t h i s  yea r ,  a l though  t h e  data i n  F ig .  3.1. i s  taken  f rom 

one o f  t h e  s i t e s  a t  which we a r e  working. 



I n  1986/87 germplasm o f  h a i r y  and wool ly-pod ve tch  (m 
v i l l o s a  ssp. v i l l o s a  and ssp. dasycarpa r e s p e c t i v e l y ) ,  Narbon vetch 

(1. narbonensi s ) ,  and ch ick1 i ngs (La thy rus  s a t i  vus, L. ochrus and I. 
c i c e r a )  were eva lua ted  i n  nu rse ry  observa t ion  rows. Promising 

genotypes o f  Narbon vetch and wool ly -pod vetch were t e s t e d  i n  

m i c r o p l o t s  a t  t w o  c o n t r a s t i n g  s i t e s ,  Tel Hadya and Breda. One set  

o f  promis i  ng genotypes o f  chi c k l  i ng were t e s t e d  i n  advanced y i e l d  

t r i a l s  a t  Tel Hadya, and a  second s e t  a t  Tel Hadya and Breda f o r  t h e  

second cropp ing season, us ing s i t e s  and seasons as environmental  

f a c t o r s .  A f t e r  c r o s s i n g  adapted common vetches w i t h  ecotypes whose 

pods do not  s h a t t e r  s e l e c t i o n  of adapted non-sha t te r ing  l i n e s  

cont inued i n t o  t h e  F3 generat ion,  and s e l e c t i o n  f o r  r e s i s t a n c e  t o  

r o o t  (espec ia l  1  y nematodes) and l e a f  d iseases among 1 andraces and 

ecotypes o f  fo rage  and pas tu re  legumes was maintained. A s tudy  t o  

i n v e s t i g a t e  t h e  p o t e n t i a l  o f  subter ranean vetch (1. s a t i v a  ssp 

amphicarpa) was i n i t i a t e d .  To develop more r e 1  i a b l e  s e l e c t i o n  

c r i t e r i a  t h e  growth and development o f  severa l  f o rage  legumes were 

s tud ied.  

Experiment 4.1 : nursery row eval uat i  on of annual 

f a a g e  legumes 

Dur ing t h e  l a s t  t h r e e  seasons a t  Tel Hadya, a t t e n t i o n  has been 

p a i d  t o  t h e  c o l l e c t i o n  and e v a l u a t i o n  o f  n a t i v e  genotypes o f  fo rage  

legumes. Some showed good c o l d  and drought t o l e r a n c e  as we l l  as 

e a r l y  s p r i n g  growth, e a r l y  f l o w e r i n g ,  and e a r l y  m a t u r i t y .  Such 

genotypes c o u l d  be o f  va lue f o r  deve lop ing new c u l t i v a r s  t o  r e p l a c e  

f a l l o w s  w i t h  a  p r o d u c t i v e  forage legume. 

Dur ing 1986/87, f o u r  exper iments were conducted t o  assess 225 

genotypes o f  Vicia v i l l o s a ,  100 genotypes o f  1. narbonensis,  225 

genotypes o f  La thy rus  sa t i vus ,  57 genotypes o f  C. c i c e r a  and 43 



genotypes o f  C. ochrus. A l l  genotypes were assessed i n  nu rse ry  rows 

i n  a s imple l a t t i c e  des ign  w i t h  two  r e p l i c a t e s ,  p l o t s  hav ing 3 rows 

per p l  o t  , 3 m 1 ong and 45 cm between rows. 

The genotypes were scored on a 1-5 sca le  (I=good, 5=poor) f o r  

es tab l ishment ,  seed l i ng  v igour ,  w i n t e r  and s p r i n g  growth,  c o l d  

e f f e c t ,  drought t o l e r a n c e ,  growth h a b i t ,  l e a f i  ness, pod s h a t t e r i n g  

and l e a f  r e t e n t i o n .  The number o f  days t o  s t a r t  o f  f l o w e r i n g ,  50% 

f l o w e r i n g ,  100% f l o w e r i n g  and f u l l  m a t u r i t y  were recorded.  The 

r e a c t i o n s  aga ins t  major diseases i n c l  u d i  ng broomrape (Orobanche 

c rena ta )  were a1 so rnoni to red .  

Hairy and woolly-pod vetch (L. vi l l  osa) 

There was a wide range o f  v a r i a b i l i t y  i n  mean scores f o r  a l l  

cha rac te rs  (F ig .  4.1 and Table 4.1). The most impor tan t  f i n d i n g  was 

t h e  i d e n t i f i c a t i o n  o f  genotypes w i t h  a h i g h  p r o p o r t i o n  o f  l e a f  

r e t e n t i o n  i n  l a t e  sp r ing ,  an impor tan t  a t t r i b u t e  i n  f o r a g e  legumes. 

Fig. 4.1: V a r i a b i l i t y  i n  t h e  s e l e c t j o n  c o e f f i c i e n t  (1 = good, 5 = 
poor)  o f  225 accessions o f  h a i r y  and wool lypod vetches and 
100 access ions o f  Narbon ve tch  i n  nursery  rows a t  Tel 
Hadya. 



Table 4.1. Range o f  v a r i a b i l i t y  of n i n e  charac te rs  i n  c o l l e c t i o n s  

o f  Narbon ve tch  and 41. v i l l o s a  i n  1986/87. 

V i c i a  v i l l o s a  -- Narbon vetch 

Characters Min.  Max. Mean S.E Min. Max. Mean S.E 

Winter  growth 

Cold e f f e c t  

Spr ing  growth 

Leaf iness 

Days t o  f i r s t  f l a w e r i n g  

Days t o  50% f lowering 

Days t o  100% f l  oweri ng 

Days t o  f i r s t  podding 

Days t o  m a t u r i t y  

The 36 genotypes w i t h  scores o f  1 and 2  were s e l e c t e d  f o r  

f u r t h e r  e v a l u a t i o n  i n  m i c r o p l o t  t r i a l s .  

Narbon ve tch  (y. narbonensi  s) 

Narbon vetch shows good p o t e n t i a l  f o r  d r y  areas (<300 mn 

r a i n f a l l ) .  One o f  i t s  most impor tan t  a t t r i b u t e s  i s  r e s i s t a n c e  t o  

b i r d  damage i n  which i t  appears t o  be t h e  most r e s i s t a n t  o f  t h e  

vetches. Our observa t ions  a1 so i n d i c a t e  t h a t  some genotypes f l o w e r  

b e f o r e  t h e  a t t a c k  o f  Orobanche, which w i l l  r e s t r i c t  i t s  e f f e c t  on 

seed y i e l d .  The 25 genotypes w i t h  scores o f  1, 2  and 3  (F ig .  4.1), 

were s e l e c t e d  f o r  f u r t h e r  e v a l u a t i o n  under d r y  c o n d i t i o n s  a t  Breda. 

Cormon ch ick1  i ng (La thy rus  s a t i  vus) 

Great v a r i a b i l i t y  was found w i t h i n  t h e  225 genotypes o f  common 

c h i c k l i n g  (F ig .  4.2 and Table 4.2). Th is  v a r i a b i l i t y  enabled us t o  

s e l e c t  t h e  bes t  36 f o r  f u r t h e r  e v a l u a t i o n  o f  d r y  ma t te r  and seed 

y i e l d  i n  m i c r o p l o t  t r i a l s .  



Table  4.2. Range o f  v a r i a b i l i t y  o f  seven charac te rs  i n  c o l l e c t i o n s  

o f  L. ochrus, L. c i c e r a  and L. s a t i v u s  i n  1986/87. - 

L.  sat 'vus - -  L. ochrus and L .  c i c e r a  - -  

Characters Min. Max. Mean S.E. Min, Max. Mean S.E. 

Cold e f f e c t  1.00 3.00 2.431 0.1024 1.00 3.00 1.820 0.0744 

Winter growth 1.00 4.00 4.373 0.0990 1.00 4.00 3.670 0.1334 

Spring growth 1.00 3.50 3.444 0.1113 1.00 3.50 3.200 0.1119 

Vigor 1.00 3.50 3.644 0.1083 1.00 3.50 3.380 0.1108 

D a y s t o f l o w e r i n g  108.00 137.00 119.013 0.2310 108.50 126.00 112.535 0.3410 

Days t o  podding 125.50 156.00 140.547 0.4319 114.50 133.50 119.485 0.3535 

D a y s t o m a t u r i t y  153.00 181.00 168.200 0.3641 156.00 168.50 160.650 0.2366 

100.00 

Com~non c h i c k l  i n g  

ochrus and dwarf  
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Fig. 4.2: V a r i a b i l i t y  i n  t h e  s e l e c t i o n  c o e f f i c i e n t  (1 = good, 5 = 
poor)  of 225 accessions of common c h i c k l i n g  and 100 
access ions o f  ochrus c h i c k l  i n g  and dwarf  c h i c k l  i n g  i n  
nu rse ry  rows a t  Tel Hadya. 



Ochrus c h i c k l  ing &. ochrus) 

Al though t h e  number o f  genotypes assessed was r e l a t i v e l y  low, a 

wide range o f  v a r i a b i l i t y  was found. One o f  t h e  most impor tan t  

c h a r a c t e r i s t i c s  was t h e  r e s i s t a n c e  o f  c e r t a i n  genotypes t o  

Orobanche. S ix teen  genotypes w i t h  s e l e c t i o n  scores o f  I and 2, were 

s e l e c t e d  as b a s i c  m a t e r i a l  f o r  a breeding program. 

Dwarf chlckl i n g  &. c i c e r a )  

Genotypes o f  dwarf  c h i c k l  i ng were assessed a1 ong w i t h  o the r  

c h i c k l i n g s  i n  a s i n g l e  experiment. T h i s  was due t o  t h e  l i m i t e d  

number a v a i l a b l e .  

S ix teen  genotypes showing d e s i r a b l e  charac te rs  were s e l e c t e d  f o r  

f u r t h e r  eva l  u a t i o n  i n  m ic rop l  o t  f i e 1  d t r i a l s .  

The f i  ndi  ng o f  d e s i r a b l e  a t t r i b u t e s  among fo rage  legumes 

encourages us t o  assess a wide range o f  d i f f e r e n t  species.  Among 

them i s  subterranean vetch (1. s a t i v a  ssp. amphicarpa),  which 

appears t o  m e r i t  spec ia l  a t t e n t i o n  s ince  i t  produces two k i n d s  o f  

seeds: t h e  f i r s t  above t h e  ground w h i l e  t h e  second i t  b u r i e s  below 

t h e  ground. T h i s  a t t r i b u t e  may o f f e r  cons ide rab le  scope f o r  

deve lop ing a s e l f  re-seeding t y p e  o f  vetch. - A l i  Abd El Moneim 

Yawooz Adham (GRP) 

Experimnt 4.2: evaluation i n  microplots, 

(Preschedul e F20, F21) 

A t o t a l  o f  25 genotypes o f  Narbon vetch and 25 o f  wool ly-pod 

ve tch  were t e s t e d  i n  m i c r o p l o t  t r i a l s  a t  two s i t e s ,  Tel Hadya and 

Breda, where r a i n f a l l  i n  1986/87 was 358 mn and 245 mn, 

r e s p e c t i v e l y .  



M i c r o p l o t s  o f  b o t h  Narbon and wool ly -pod vetch were p l a n t e d  a t  
2 

Tel Hadya and Breda i n  3.5 m  p l o t s  ar ranged i n  a  t r i p l e  l a t t i c e  

des ign w i t h  t h r e e  r e p l  i c a t e s .  For bo th  crops t h e  seeding r a t e  was 

80 kg per ha and P 0  was a p p l i e d  a t  40 kg per ha. The r e p l  i c a t e d  
2 5  

m i c r o p l o t s  were d u p l i c a t e d :  one was harvested a t  100% f l o w e r i n g  t o  

measure herbage y i e l d  and t h e  o ther  a t  m a t u r i t y  f o r  seed y i e l d  and 

o t h e r  agronomic t r a i t s .  

R e s u l t s  f o r  Narbon vetch 

Herbage and seed y i e l d s  and f l o w e r i n g  t i m e  were measured a t  b o t h  

s i t e s .  There were s i g n i f i c a n t  d i f f e r e n c e s  between genotypes i n  

t o t a l  herbage and seed y i e l d s ,  as we l l  as days t o  100% f lower ing .  A 

combined a n a l y s i s  o f  var iance f o r  t h e  two  s i t e s  revea led  h i g h l y  

s i g n i f i c a n t  i n t e r a c t i o n s  between genotypes and s i t e s .  The genotypes 

which w i l l  advance t o  more advanced t e s t i n g  a r e  t h e r e f o r e  those  

which were h i g h l y  p r o d u c t i v e  a t  b o t h  s i t e s  i n  agreement w i t h  e a r l i e r  

r e s u l t s  (Abd El Moneim and Cocks 1988). The r e s u l t s  showed t h a t  

herbage y i e l d  a t  100% f l o w e r i n g  v a r i e d  f rom 2150 kg per ha f o r  

s e l e c t i o n  2398 t o  3760 kg per ha f o r  accession 67 a t  Tel Hadya, 

whereas a t  Breda i t  v a r i e d  f rom 950 kg per ha f o r  s e l e c t i o n  2392 t o  

1520 kg per ha f o r  access ion 67 (Tab le  4.3). Accession 67 produced 

t h e  h ighest  herbage and lowes t  seed y i e l d  a t  Tel Hadya w h i l e  i t  

produced t h e  h ighes t  seed y i e l d  a t  Breda. Mean seed y i e l d s  were 

4100 and 940 kg per ha a t  Tel Hadya and Breda r e s p e c t i v e l y ,  w h i l e  

herbage y i e l d s  were 2910 and 1180 kg per ha a t  t h e  two  s i t e s  

r e s p e c t i v e l y .  Regarding days t o  100% f l o w e r i n g  Narbon vetch reached 

100% f l o w e r i n g  a t  l e a s t  one month e a r l  i e r  a t  Breda than  a t  Tel Hadya 

(111 and 146 days r e s p e c t i v e l y ) .  Seed y i e l d  was n e g a t i v e l y  

c o r r e l a t e d  ( r  = - 0.62, P<0.01) w i t h  days t o  100% f l o w e r i n g  (F ig .  

4.3). These r e s u l t s  i n d i c a t e  a  c l e a r  need t o  con t inue  t h e  search 

f o r  e a r l y  ma tu r ing  genotypes o f  Narbon vetch, s ince i t c o u l d  be 

u t i l i z e d  as a  dual purpose crop f o r  g r a i n  and s t raw i n  d r y  areas. 



Table 4.3. Herbage y i e l d  (kg per ha), seed y i e l d  (kg per ha) and 

number o f  days t o  100% f lower ing  f o r  selected genotypes o f  Narbon 

vetch grown a t  Tel Hadya and Breda i n  1986187. 

Tel Hadya Breda 

Se lec t ion  Herbage Seed Days t o  Herbage Seed Days t o  

100% 100% 

f 1 ower i ng f 1 oweri ng 

+ 
Genotype which i s  s u f f i c i e n t l y  uni form t o  be tes ted  as a complete 

accession. 

Resul ts  f o r  woolly-pod vetch 

Twenty-five genotypes were tes ted  i n  microplot  t r i a l s  a t  both 

Tel Hadya and Breda. There were l a r g e  d i f fe rences  i n  herbage 

production, seed y i e l d  and days t o  100% f lower ing between genotypes 

and s i tes.  Nine genotypes, which combine h igh y i e l d s  o f  both 

herbage and seed w i t h  ea r l y  f lower ing were i d e n t i f i e d  f o r  advanced 

y i e l d  t r i a l s  (Table 4.4). 



Gays t o  100 flowering 

Fig. 4.3: R e l a t i o n s h i p  between seed y i e l d  and days t o  100% f l o w e r i n g  
i n  25 genotypes o f  Narbon vetch a t  Tel Hadya i n  1986/87. 
The a s t e r i s k  ( * )  i n d i c a t e s  y i e l d  and f l o w e r i n g  t i m e  o f  
accession 67 ( c o n t r o l  ) , and t h e  v e r t i c a l  and h o r i z o n t a l  
1  i n e s  i n d i c a t e  mean days t o  100% f l o w e r i n g  and mean seed 
y i e l d ,  r e s p e c t i v e l y .  

A t  Tel Hadya, herbage y i e l d  v a r i e d  f rom 4190 kg per ha f o r  

s e l e c t i o n  2422 t o  7470 kg per ha f o r  s e l e c t i o n  2417 and seed y i e l d  

v a r i e d  f rom 460 kg per ha f o r  s e l e c t i o n  2415 t o  2460 kg per ha f o r  

access ion 683. The h i g h  seed y i e l d  o f  accession 683 was assoc ia ted  

w i t h  e a r l y  f l o w e r i n g  (Fig.  4.4). A t  Breda herbage y i e l d  v a r i e d  f rom 

1250 kg per ha f o r  s e l e c t i o n  2422 t o  2090 kg per ha f o r  s e l e c t i o n  

2407, and seed y i e l d  f rom 4  k g  per ha f o r  s e l e c t i o n s  2422 and 2423 

t o  560 kg per ha f o r  s e l e c t i o n  2421. Genera l ly ,  seed p r o d u c t i o n  was 

s i g n i f i c a n t l y  lower  a t  Breda than  Tel Hadya. Low seed p r o d u c t i o n  

was probably  due t o  t h e  appearance o f  f l o r a l  buds when bud 

devel opment was i nh i  b i  t e d  by h igh  temperature,  w i t h  a  consequent 



Table 4.4. Herbage y i e l d  (kg per ha), seed y i e l d  (kg per ha) and 

number o f  days t o  100% f lower ing  f o r  selected genotypes o f  

woollypod vetch grown a t  Tel Hadya and Breda i n  1986187. 

-- - - 

Tel Hadya Breda 

Sel ec t ion  Herbage Seed Days t o  Herbage Seed Days t o  

100% 100% 

f lower ing  f 1 ower i ng 

t 
Acc. 683 5791 2459 161 1777 44 1 119 

2406 6373 2214 162 1769 640 118 

2410 6364 21'58 163 1717 335 119 

2409 5932 2151 164 1763 316 120 

241 1 5939 2102 162 1788 420 121 

2407 5229 2082 163 2090 442 121 

2412 5852 1861 165 1711 313 120 

2421 5658 1728 161 1755 56 1 118 

2408 6525 1663 163 1586 34 7 122 

L.S.D. _ 1455 550 2.71 410 80 1.98 
(P<0.05) 

t 
Genotype which i s  s u f f i c i e n c t l y  uni form t o  be tes ted  as a complete 

accession. 

h igh  proport ion o f  young buds dropping a f t e r  f e r t i l i z a t i o n .  Seed 

y i e l d  was negat ive ly  cor re la ted  ( r =  - 0.934, P<0.001) w i t h  days t o  

100% f lower ing  (Fig. 4.4). but there  was no associat ion (r=0.108) 

between herbage product ion and days t o  f lower ing (Fig. 4.5). 

Genotypes which gave h igh herbage product ion tended t o  produce l ess  

seed. - A l i  Abd El  lloneirn 



Fig.  4.1: Relat ionship b e t w e n  seed y i e l d  and 
days t o  100% f l ower ing  i n  25 
genotypes of w o l l y p o d  vetch a t  Tel 
Hadya i n  1986/87. The as te r i sk  (*) 
i nd i ca tes  Y ie ld  and davr t o  100% 
f lower ing if a c c e s s i o n ~ 6 8 3 ( c o ~ t r o l ) .  
and the  v e r t i c a l  and ho r i zon ta l  l i n e s  
i nd i ca te  mean davr  to  1WX f l m o r i n n  .~ .. . ...= 
and mean seed y i e l d ,  r espec t i ve l y .  

days t o  1030 f l ower ing  

Relat ionship between herbage y i e l d  
and days t o  100% f lower ing i n  25 
genotypes o f  w o l l y p o d  vetch a t  Tel 
Haaya i n  1986/87. The a s t e r i s k  (-1 
I nd i ca tes  y i e l d  and days t o  100% 
f lower ing of accession 683 ( con t ro l ) .  
and the v e r t i c a l  and ho r i zon ta l  l i n e s  
i n d l c a t e  mean days to  100% f lower ing 
and mean seed y ie ld ,  r espec t i ve l y .  



Experiment 4.3: chickl ing advanced y i e l d  t r ia l s  
(Preschedul e F22) 

Two experiments were car r ied  out t o  eval uate promising genotypes 

of chicklings. In t h e  f i r s t ,  s ixteen genotypes of common chickling,  

promoted from microplots i n  1985/86, were t e s t ed  in  advanced y i e ld  

t r i a l s  a t  Tel Hadya i n  1986/87. In t h e  second, s ixteen promising 

genotypes of chickling (eleven C. sa t ivus ,  four I. ochrus, and one 

L. c ice ra )  were evaluated a t  two contrast ing s i t e s ,  Tel Hadya and - -  
Breda for  t h e  second season, using s i t e s  and seasons a s  separate 

environments. Both experiments were sown and managed i n  t h e  same 

way a s  microplot f i e l d  t r i a l s  except t h a t  t he  p lo ts  were l a rge r  (28 

m2). 

Resul t s  f r o m  t he  first experiment (Tel Hadya) 

Days t o  100% flowering varied from 114 t o  124. Mean herbage 

y i e l d  was 2700 kg per ha, varying from 2050 kg per ha ( se l ec t ion  56) 

t o  3250 kg per ha (se lec t ion  438), and mean seed y i e l d  was 1040 kg 

per ha, varying from 620 kg per ha ( se l ec t ion  484) t o  1260 kg per ha 

(se lec t ion  479) (Table 4.5). The r e s u l t s  indica te  t h e  c l ea r  need t o  

co l l ec t  and evaluate native genotypes of C. sa t ivus  which might show 

des i rable  a t t r i b u t e s  of cold and drought tolerance as  well a s  ear ly  

winter and spring growth. 

Results  from t h e  second experiment ( a t  Tel Hadya and Breda) 

Yields were grea ter  a t  Tel Hadya than a t  Breda, t h e  means being 

2730 and 1360 kg per ha for  herbage and seed a t  Tel Hadya and 1060 

and 390 kg per ha respect ively a t  Breda (Table 4.6). The four 

genotypes of ochrus chick1 ing produced higher seed y i e lds  than the  

other  chickl ings a t  both s i t e s ,  due t o  ea r ly  flowering and maturity 

which enabled p lants  t o  escape from severe a t tacks  of broomrape 



Table 4.5. Herbage (kg per ha) and seed (kg per ha) y i e l d s  and 

number o f  days t o  100% f l o w e r i n g  f o r  16 promis ing l i n e s  o f  

c h i c k l i n g  (Lathyrus s a t i v u s )  grown a t  Tel Hadya i n  1986/87. 

S e l e c t i o n  Herbage Seed Days t o  100% 

f l  oweri  ng 

46 1 

451 

464 

54 

479 

481 

436 

460 

438 

440 

435 

456 

434 

56 

484 
t 

Acc. No.347 

Mean 

L.S.D. (P<0.05) 

+ Genotype which i s  s u f f i c i e n t l y  u n i f o r m  t o  be t e s t e d  as a 

complete accession. 

(Orobanche c rena ta ) ,  and powdery mi ldew ( E r i s i p h i  pisi) b o t h  o f  

which had a severe e f f e c t  on t h e  seed y i e l d  o f  l a t e  f l o w e r i n g  

genotypes. 



Table 4.6. Mean herbage (kg  per ha) a n d  seed ( k g  per h a )  yields 

for 16 selections of chickling grown in advanced yield t r i a l s  a t  

Tel Hadya and Breda L986/87. 

Tel Hadya Breda 
t 

Sel ection 

Herbage Seed Herbage Seed 

439 3124 

38 2494 

463 2556 

455 3240 

452 2552 

471 2516 

459 3119 

29 3343 

453 2876 

311 2963 

Acc 347 2850 

104 2155 

385 2063 

384 2202 

185 2710 

476 2911 

Mean 2727 

L.S.D. (P<0.05) 587 

The f i r s t  eleven selections are Lathyrus sativus, Four 

L.  ochrus, and the l a s t  one i s  C. cicera. - -  

The resul ts  of 1986/87 demonstrate the great variabil i ty which 

exis ts  between genotypes at  both s i t e s ,  and also a highly 



s i g n i f i c a n t  s i t e  x  genotype i n t e r a c t i o n .  I n c l u d i n g  data  f rom 

1985/86 t h e  combined a n a l y s i s  r e v e a l s  t h a t  t h e r e  was a l s o  a  h i g h l y  

s i g n i f i c a n t  s i t e  x  genotype x season i n t e r a c t i o n .  The f o u r  ochrus 

ch ick1 i ng genotypes produced h ighest  seed y i e l d  i n  b o t h  seasons. 

Th is  exper iment w i l l  be cont inued f o r  a  t h i r d  season t o  s tudy 

t h e  genotype x environment i n t e r a c t i o n s  more f u l l y  and t o  s e l e c t  

genotypes adapted t o  d r y  areas. 

The r e s u l t s  w i t h  c h i c k l i n g  a r e  o f  spec ia l  importance because 

c h i c k l i n g s  p l a y  a  r o l e  i n  d r y  areas as dual purpose crops f o r  s t raw 

and g r a i n  p roduc t ion ,  and farmers p r e f e r  c h i c k l i n g  f o r  t h i s  reason. 

The r e s u l t s  a l s o  encourage us t o  g i v e  more a t t e n t i o n  t o  t h e  

c o l l e c t i o n  and e v a l u a t i o n  o f  n a t i v e  genotypes o f  t h e  t h r e e  species 

i n  o rde r  t o  o b t a i n  t h e  d e s i r a b l e  a t t r i b u t e s  o f  c o l d  and drought 

to le rance ,  e a r l y  m a t u r i t y ,  and d isease r e s i s t a n c e .  - A l i  Abd E l  

Monei m 

Experiment 4.4: P r e l  i m i n a r y  eva l  u a t i  on o f  subter ranean 

ve tch  ( V i c i a  s a t i v a  ssp. amphicarpa) 

Dur ing t h e  e v a l u a t i o n  o f  new ve tch  germplasm i n  1986187 a  few 

genotypes o f  V i c i a  s a t i v a  ssp. amphicarpa were discovered. These 

had been c o l l e c t e d  f rom d r y  areas i n  t h e  c e n t r a l  Anatol  i a n  r e g i o n  o f  

Turkey, and f rom bar ley-growing areas i n  S y r i a  where i t  sometimes 

grows as a  weed. 

Our p r e l  i m i n a r y  observat ions r e v e a l e d  t h a t  seeds co l  l e c t e d  f rom 

a e r i a l  pods were sma l le r  t h a n  those f rom subterranean pods, 25 mg vs 

55 mg per seed r e s p e c t i v e l y ,  and t h a t  90% o f  a e r i a l  seeds germinated 

w i t h i n  10-15 days compared w i t h  15% o f  subterranean seeds. A small 

p r o p o r t i o n  o f  t h e  remainder o f  t h e  subterranean seeds germinated 

when i n  cont inuous con tac t  w i t h  mo is tu re  f o r  60-90 days. 



The p o s s i b i l i t y  o f  us ing  subterranean ve tch  as a 

se l  f - r e g e n e r a t i  ng annual 1 egume i n  pas tu res  and range1 ands o r  t o  

r e p l a c e  f a l l o w  i n  t h e  t r a d i t i o n a l  cerea l  / f a l l o w  r o t a t i o n  i s  be ing  

considered. I t s  a b i l i t y  t o  produce b o t h  a e r i a l  and subterranean 

seeds might  enhance p e r s i s t e n c e  under graz ing,  and i t s  o r i g i n  i n  

c e n t r a l  A n a t o l i a  i n d i c a t e s  t h a t  i t  i s  l i k e l y  t o  be win ter -hardy.  

Subterranean ve tch  i s  comp le te l y  d i f f e r e n t  f rom subterranean 

c love r .  The l a t t e r  produces i t s  f l o w e r s  above ground b u t  a f t e r  

p o l l i n a t i o n  t h e  deve lop ing f r u i t s  and seeds bu ry  themselves i n  t h e  

s o i l  by  e l o n g a t i n g  t h e  peduncles o r  p r imary  f l o w e r  s t a l k s  and 

r e f l e x i n g  t h e  s t e r i l e  calyces. I n  c o n t r a s t  subter ranean ve tch  

produces underground c l  e i  stogamous f l  owers t h a t  are  never exposed t o  

l i g h t .  These f l o w e r s  a r e  s e s s i l e  i n  t h e  a x i l s  o f  minute,  l o b e d  

leaves  on subter ranean rhizomes o r  stems. The f l o w e r  bear ing  

rhizomes develop f rom co ty ledonary  buds and buds s i t u a t e d  a t  t h e  

basal nodes j u s t  above t h e  r o o t - c o l l a r .  They a r e  c h l o r i t i c ,  

d e l i c a t e ,  r a r e 1  y branched and c o n s i s t  o f  a few l o n g  in ternodes.  The 

apex i s  recu rved  t o  p r o t e c t  t h e  a p i c a l  bud as i t  pene t ra tes  t h e  

s o i l  . Subterranean and a e r i a l  f l  owers normal l y  appear 

simultaneous1 y ,  a1 though occas iona l1  y t h e  subterranean f l o w e r s  

develop a f t e r  those  above ground a r e  complete ly  matured. The 

underground f l o w e r s  a r e  more f e r t i l e  t h a n  t h e i r  exposed 

coun te rpa r t s .  The 1 o c a t i  on o f  subter ranean f l o w e r s  p robab ly  

p r o t e c t s  them f rom environmental  f a c t o r s  harmful  t o  p o l l e n  f o r m a t i o n  

and f e r t i l i t y  and f r o m  graz ing.  

A t  present  we a r e  i n c r e a s i n g  seed s tock  o f  severa l  genotypes and 

s tudy ing  t h e  e f f e c t  o f  d e f o l i a t i o n  ( g r a z i n g )  on herbage and seed 

y i e l d .  - A l i  Abd El Moneim 



Experiment 4.5: ear ly  generation selection fa non-shattering 

(seed retention) i n  six crosses o f  c w n  vetch 

(Vicia sat i  va) (Preschedule F6) 

A breed ing program f o r  seed r e t e n t i o n  i n  conunon ve tch  was 

i n i t i a t e d  i n  1984/85. S i x  crosses and t h e i r  r e c i p r o c a l s  were made 

between l a t e  ma tu r i  ng non-sha t te r i  ng genotypes and a  number o f  

promis ing genotypes c h a r a c t e r i z e d  by e a r l y  m a t u r i t y  and a  h i g h  

p r o p o r t i o n  o f  pods t h a t  sha t te r .  Gene markers such as pod, seed and 

s t raw co lou rs  were used t o  e l i m i n a t e  pods which developed f rom 

s e l f i n g  and t o  i d e n t i f y  F1 hybr ids .  The performance o f  F1 p l a n t s  

i n d i c a t e d  t h a t  non-sha t te r i  ng i s  e i t h e r  complete ly  o r  p a r t i a l 1  y  

domi nant over s h a t t e r i  ng. 

I n  1986187 F2 p l a n t s  were grown i n  t h e  f i e l d  as spaced p l a n t s  t o  

pe rm i t  examinat ion o f  i n d i v i d u a l  p lan ts .  F2 p l a n t s  were l e f t  i n  t h e  

f i e l d  du r ing  J u l y  when t h e  in tense  summer heat was more conducive t o  

pod s h a t t e r i n g .  A v i s u a l  score of pod s h a t t e r i n g  was g i v e n  t o  

i n d i v i d u a l  p l a n t s  us ing a  sca le  f rom 1 i n d i c a t i n g  complete 

s h a t t e r i n g  t o  5  i n d i c a t i n g  about 95% non-shat ter ing.  

The F2 p l a n t s ,  t h e  f i r s t  segregat ing genera t ion ,  had an 

es t ima ted  segrega t ion  r a t i o  suggest ing t h a t  non-sha t te r i  ng i s  a  

simp1 y  i n h e r i t e d  charac te r  c o n t r o l  l e d  by one dominant gene. 

S e l e c t i o n  was d i r e c t e d  towards two  t ypes  o f  p l a n t s :  e a r l y ,  

non-sha t te r i  ng , and 1  a te ,  non-sha t te r i  ng. The numbers o f  F2 p l a n t s  

t e s t e d  v a r i e d  f rom 813 t o  2439 p l a n t s  f o r  each cross.  I n  1987/88, 

progeny rows w i t h  seeds harvested f rom s e l e c t e d  F2 p l a n t s  w i l l  be 

grown i n  t h e  f i e l d  as F3 f a m i l i e s .  Super io r  f a m i l i e s  w i t h  complete 

non-sha t te r ing  and o the r  d e s i r a b l e  charac te rs  w i l l  be s e l e c t e d  t o  

compose F4 f a m i l i e s  which w i l l  be d i s t r i b u t e d  t o  n a t i o n a l  programs 

f o r  f u r t h e r  t e s t i n g  under d i f f e r e n t  e c o l o g i c a l  zones. - A l i  Abd El 

Moneim 



Experiment 4.6: screen ing for  r e s i s t a n c e  t o  stem 

and 1 e a f  d isease (Preschedul e F17) 

One o f  t h e  most impor tan t  s e l e c t i o n  c r i t e r i a  f o r  deve lop ing 

p r o d u c t i v e  fo rage  legumes i s  r e s i s t a n c e  t o  major stem and l e a f  

diseases. Screening f o r  disease r e s i s t a n c e  takes  p lace  i n  b o t h  

mi crop1 o t s  and advanced y i e l d  tri a1 s. Promising genotypes a r e  

u s u a l l y  t e s t e d  i n  d isease nursery  p l o t s  under a r t i f i c i a l  i n f e c t i o n .  

I n  1986/87, s i x t e e n  promising genotypes o f  common vetch, and 

s i x t e e n  genotypes o f  c h i c k l i n g  were screened f o r  t h e i r  r e a c t i o n  

agai  ns t  major diseases. 

A r t i f i c i a l  i n f e c t i o n  w i t h  ascochyta l e a f  spot, stem b l i g h t  and 

f o o t  r o t  (Ascochyta pisi. and Phoma medicag in is  var p i n o d e l l a ) ,  

powdery mi 1 dew (Erys i  phe p i s i ) ,  and'downy m i l  dew (Peronospora v i  c i a e  

sa t i vae ,  Gaum) were used f o r  common vetch, and ascochyta b l i g h t ,  

(Ascochyta pisi), downy m i l  dew, (Peronospora t r i f o l  io rum) powdery 

mildew, (Erys iphe m a r t i i  f.sp. L a t h y r i )  and b a c t e r i a l  b l i g h t  

(Pseudomonas s y r i  ngae PV. p i  s i  ) were used f o r  c h i c k l i  ng. 

Resu l t s  r e v e a l e d  t h a t  t h e r e  were f o u r  genotypes o f  common vetch 

r e s i s t a n t  t o  ascochyta b l  f gh t  , downy m i l  dew and powdery m i l  dew. 

These a r e  s e l e c t i o n s  2023, 2027, 1429 and 2065. 

Resu l t s  w i t h  ch ick1  i n g  revea l  ed t h a t  two  genotypes, se l  e c t  i o n s  

479 and 438, a r e  r e s i s t a n t  t o  ascochyta b l i g h t .  Seven genotypes 

were r e s i s t a n t  o r  t o l e r a n t  t o  b o t h  ascochyta b l i g h t  and downy 

m i l  dew. They a r e  s e l e c t i o n s  54, 479, 436, 460, 438, 456 and 434. 

Symptoms o f  powdery mi ldew and b a c t e r i a l  b l i g h t  d i d  no t  appear. 

These sources o f  r e s i s t a n c e  a r e  a v a i l  a b l e  t o  n a t i o n a l  programs 

f o r  use i n  t h e i r  breed ing programs. - A l i  Abd E l  Honeirn 



Experiment 4.7: screen ing annual fo rages  

for  r e s i s t a n c e  t o  r o o t  nematodes 

Root-knot nematode (Me1 o i  dogyne a r t  i e l  1  a )  and c y s t  nematode 

(Heteroders -), a r e  impor tan t  r o o t - a t t a c k i  ng nematodes which a r e  

a  p o t e n t i a l  t h r e a t  t o  a l l  legumes crops ( b o t h  f o o d  and forages 

legumes) as revea led  i n  surveys o f  t h e  l a s t  t h r e e  years .  Therefore  

a  new o b j e c t i v e  i n  our  breed ing program i s  t o  search f o r  r e s i s t a n c e  

t o  roo t -kno t  nematode i n  common ve tch  and c y s t  nematode i n  

c h i c k l i n g .  I n  t h e  l a s t  two years  most o f  our vetches, peas, and 

c h i c k l i n g s  have been screened f o r  r e s i s t a n c e ,  and sources o f  

r e s i s t a n c e  have been i d e n t i f i e d .  The screen ing program i s  on-goi ng, 

s ince  once new genotypes a r e  developed and seeds become a v a i l a b l e  

f o r  wider t e s t i n g ,  i t  i s  necessary t o  assess t h e i r  r e a c t i o n  aga ins t  

nematodes. 

I n  1986/87, s i x t e e n  promis ing ch i  c k l  i ngs were screened f o r  

r e s i s t a n c e  t o  c y s t  nematode i n  a  h i g h l y  i n f e s t e d  f i e l d  where t h e  

average number o f  c y s t s  was 73 per 200 g  s o i l ,  which was i d e a l  f o r  

screening. I n  a d d i t i o n ,  under a r t i f i c i a l  i n f e c t i o n  i n  t h e  p l a s t i c  

house, where t h e  i n f e c t i o n  r a t e  was 20,000 eggs per kg s o i l ,  seeds 

were sown i n  ear then pots,  w i t h  s i x  r e p l i c a t e s  o f  each genotype and 

t h r e e  p l a n t s  per pot.  

The r e s u l t s  revea l  ed t h a t  se l  e c t l  on 1440 was moderate1 y 

t o l e r a n t ,  w i t h  t h e  average number o f  c y s t s  per g  o f  r o o t s  be ing 256, 

whereas t h e  average i n  t h e  s u s c e p t i b l e  and h i g h l y  s u s c e p t i b l e  

genotypes v a r i e d  from 324 t o  490 c y s t s  per g  r o o t s .  None o f  t h e  

genotypes t e s t e d  possessed res i s tance .  

Comnon vetch: s i x t e e n  genotypes were screened f o r  r e s i s t a n c e  t o  

c y s t  and r o o t - k n o t  nematodes under a r t i f i c i a l  i n f e c t i o n  i n  t h e  



p l a s t i c  house. The r e s u l t s  revea led  t h a t  none were s u s c e p t i b l e  t o  

c y s t  nematodes, e leven  were r e s i s t a n t  and f i v e  were t o l e r a n t .  To 

r o o t  kno t  nematodes i t  was found t h a t  f i v e  s e l e c t i o n s  (713, 1429, 

2003, 2023 and 2065) were t o l e r a n t .  The average number o f  g a l l s  

v a r i e d  f rom 105 t o  147 per g  o f  r o o t ,  whereas i n  h i g h l y  s u s c e p t i b l e  

genotypes i t  v a r i e d  f r o m  326 t o  373 g a l l s  per g  o f  r o o t s .  - A l i  Abd 

E l  Moneim 

Experiment 4.8: screening annual medics for 

nematode resistance. 

Dur ing t h e  1986/87 cropp ing season, a  screening program f o r  

r e s i s t a n c e  t o  nematodes i n  annual medics was i n i t i a t e d .  One hundred 

genotypes compr is ing 11 species (51 accessions o f  Medi cago r i g i d u l  a, 

15 - M. r o t a t a ,  3  M. blancheana, 3 1. noeana, 6  M. polymorpha, 1 M. 
s c u t e l l a t a ,  4  M. t u r b i n a t a ,  10 1. aculeata ,  3  1. t r u n c a t u l a ,  3 M. 
c o n s t r i c t a  and 1 M. 3) were screened i n  a  h e a v i l y  i n f e s t e d  f i e l d  

a t  Tel Hadya. Nematode popu la t i ons  were moni tored by t a k i n g  s o i l  

samples be fo re  p l a n t i n g  and du r ing  t h e  growing season. For each 

sample, t e n  1 kg l o t s  o f  s o i l  were c o l l e c t e d  a t  random, t h o r o u g h l y  

mixed, and a  1 kg subsample removed f o r  t e s t i n g ;  one such sample was 

t a k e n  f o r  each o f  t h e  f o u r  r e p l i c a t e s  w i t h i n  t h e  experiment. 

Observat ions were made a f t e r  ge rm ina t ion  and con t inued  

throughout  t h e  growing season. Random samples o f  p l a n t s  were taken  

t o  i s o l a t e  t h e  nematodes and determine t h e  degree o f  r o o t  i n f e c t i o n .  

Root symptoms were diagnosed as r o o t  kno ts  o r  r o o t - g a l l s ,  w h i t e  

c y s t s ,  excess ive r o o t  branch ing and i n j u r e d  r o o t  t i p s .  The r e a c t i o n  

o f  each genotype a g a i n s t  nematode i n f e c t i o n  was es t ima ted  us ing  a  

1-5 sca lp ,  where 1 was very r e s i s t a n t  (VR): nematodes were not  found 

o r  t h e r e  were few on t h e  r o o t s ,  and 5  i s  very s u s c e p t i b l e  (VS): 

nematodes were found on t h e  m a j o r i t y  o f  p l a n t s ,  caus ing se r ious  

damage. 



The same genotypes were screened under a r t i f i c i a l  c o n d i t i o n s  f o r  

r e s i s t a n c e  t o  r o o t  kno t  and cys t  nematodes. Seeds were sown i n  20 

cm diameter ea r then  po ts  a t  t h e  r a t e  o f  s i x  seeds per pot.  Ten days 

a f t e r  sowing t h i n n i n g  was done t o  keep t h r e e  p l a n t s  pe r  po t ,  and 

another two  weeks l a t e r  f r e s h l y  hatched second stage j u v e n i l e s  o f  

r o o t  knot  nematode were added around t h e  r o o t s  o f  t h e  p l a n t s  a t  t h e  

r a t e  o f  20,000 per kg s o i l .  The i n f e c t i o n  r a t e  o f  c y s t  nematode was 

20,000 eggs per kg s o i l .  There were t h r e e  r e p l i c a t e s  o f  each 

genotype f o r  each k i n d  o f  nematode. Observat ions on p l a n t  growth, 

symptoms on t h e  shoots, and numbers o f  r o o t  g a l l s  or c y s t s  per p l a n t  

were counted two months a f t e r  i n o c u l a t i o n .  

I n  t h e  f i e l d  mean numbers o f  c y s t s  per 200 g s o i l  and o f  r o o t  

knot  nematodes per 500 g s o i l  a r e  presented i n  Table 4.7. The s o i l  

was h e a v i l y  i n f e s t e d  by bo th  nematodes and was t h u s  i d e a l  f o r  

screening. It was a l s o  observed t h a t  popu la t i ons  o f  b o t h  nematodes 

s u b s t a n t i a l 1  y inc reased  du r ing  t h e  growing p e r i o d  o f  t h e  p l a n t s .  

Mature r o o t  knot  females were observed i n  m id  March, w h i l e  w h i t e  

c y s t s  appeared i n  mid A p r i l .  By e a r l y  May j u v e n i l e s  o f  r o o t  kno t  

nematodes were absent on t h e  r o o t s ,  i n d i c a t i n g  t h a t  o n l y  one 

genera t ion  per growing season w i l l  occur under l o c a l  c o n d i t i o n s .  

P r e l  i m i  nary observa t ions  i n d i c a t e d  t h a t  t h e  medi cs were severe1 y 

a t t a c k e d  by r o o t  kno t  nematode, and s l i g h t l y  a t t a c k e d  by c y s t  

nematode, under b o t h  n a t u r a l  and a r t i f i  c i a l  cond i t i ons .  Response t o  

nematode v a r i e d  cons ide rab ly  among t h e  species,  even among genotypes 

w i t h i n  t h e  same species. 

I n  t h e  f i e 1  d t h e  average number o f  r o o t  knots  per g o f  r o o t  was 

809, va ry ing  f r o m  109 i n  Medicago r i g i d u l a  s e l e c t i o n  1856 t o  1902 i n  

M. b l  ancheana s e l e c t i o n  816. Under a r t i f i  c i a l  i n f e c t i o n  t h e  average - 
was 1098 vary ing f rom 120 i n  Medicago c o n s t r i c t a  s e l e c t i o n  1621 t o  

2903 i n  M, blancheana s e l e c t i o n  816. 



Table 4.7. Mean number of cyst (cys t  per 200 g s o i l )  and root  

knot ( larvae per 500 g s o f l  ) nematodes present in so i l  of t h e  

experimental f ie1  d on eight  sampl i  ng occassions. 

- - -  

Sampl i  ng date Cyst nematode Root knot nematode 

Mean 

L.S.D. (P<0.05) 

1.n the  greenhouse M. r ig idu la .  se lec t ions  1856, 1870, 1850, 1531, 

977, 740, 1559, 1913, 1540, 1868, 734; E. noeana, se lec t ions  2124, 

1940, SA15485; M. aculeata se lec t ions  918, 2001, 1837; M. ro t a t a  

se lec t ions  1946, 2120, 1953; M. t u rb ina t a  se lec t ion  2110; M. 
constricts se lec t ion  1621; and M. murex se lec t ion  1628 possessed 

res is tance  or tolerance t o  root-knot nematode under both f i e l d  and 

a r t i f i c i a l  infec t ion .  

I n  t h e  f i e l d ,  of t he  51 genotypes of M. r i g i d u l a ,  two, 

se lec t ions  1856 and 1870, were r e s i s t a n t ,  9 were moderately 

r e s i s t a n t ,  and 39 were moderately susceptible t o  root knot nematode 

(Fig. 4.6). In t h e  greenhouse, se lec t ions  1856 and 1870 were 

moderate1 y r e s i s t a n t  and 16 s t r a i n s  were moderate1 y susceptible 

(Fig. 4.6). 



Fig.  4.6: V a r i a b i l i t y  i n  r e s i s t a n c e  t o  r o o t - k n o t  nematode among 51 
ecotypes o f  Medi cago r i g i  du l  a, based on t h e  f o l l  owing 
score,  1 = r e s i s t a n t ,  no g a l l s  o r  very  l i g h t  g a l l i n g ;  2  = 
moderate ly  r e s i s t a n t ,  w i t h  l i g h t  g a l l i n g ;  3 = m d e r a t e l y  
suscep t ib le ,  w i t h  moderate g a l l i n g ;  4 = suscep t ib le ,  heavy 
g a l l i n g ;  5 = very suscep t ib le .  

I n  f i e l d  screen ing f o r  cys t  nematodes t h e  average number o f  

c y s t s  per g  o f  r o o t s  was 40, v a r y i n g  f rom ze ro  i n  most o f  t h e  t e s t e d  

genotypes t o  368 i n  M. r i g i d u l a  s e l e c t i o n  2012. I n  t h e  greenhouse 

t h e  average number o f  c y s t s  per g  of r o o t s  was 45, va ry ing  f rom ze ro  

i n  most o f  t h e  genotypes t o  202 i n  M. r o t a t a  s e l e c t i o n  2118. 



Resistance c lass  

Fig. 4.7: V a r i a b i l i t y  i n  r e s i s t a n c e  t o  c y s t  nematode among 51 
ecotypes o f  Medicago r i g i d u l a  a t  Tel Hadya, 1986187. 
Scores as f o r  F ig .  4.6. 

F ie1  d  and greenhouse screen ing r e v e a l e d  t h a t  54 o f  t h e  genotypes 

were c l a s s i f i e d  as r e s i s t a n t  t o  c y s t  nematode, 31 were t o l e r a n t ,  14 

were moderate ly  t o l e r a n t  and o n l y  one genotype, 4. r o t a t a  s e l e c t i o n  

2118, was suscep t ib le ,  t h e  1  a t t e r  being a1 so s u s c e p t i b l e  t o  r o o t  

kno t  nematode. 

The screening f o r  c y s t  nematode r e v e a l e d  t h a t  18 l i n e s  were 

r e s i s t a n t  under b o t h  f i e l d  and a r t i f i c i a l  c o n d i t i o n s  (Fig.  4.7). - 
A l i  Abd El Moneim, Garrdat Faddoul (Damascus University, Faculty of  

Agriculture), Yassin Swedan (ARC, DOUM, Syria)  



Experiment 4.9: growth and seasonal quality o f  sane ve tch  

and c h i c k l  i ng spec ies  (Preschedul e F23) 

The o b j e c t i v e  o f  t h i s  experiment was t o  analyse t h e  growth o f  

several  fo rage legumes and t o  compare fo rage  q u a l i t y  a t  va r ious  

t imes  du r ing  t h e  growing season. 

One o f  t h e  problems we have faced  ? n  assessing p r o d u c t i v i t y  o f  

f o rage  legumes i s  t h e  c o r r e c t  t i m e  t o  measure herbage p r o d u c t i o n  and 

qua1 i t y .  The p r a c t i c e  has been t o  harvest  a t  t h e  100% f l o w e r i n g  

s tage because t h i s  i s  t h e  t ime  no rma l l y  recomnended f o r  hay cuts .  

Thi s i s  c l e a r l y  unsas t i  s f a c t o r y  as evidence ga i  ned i n  o the r  

exper iments (eg exper iment 2.6) has r e v e a l e d  t h a t  farmers  a r e  more 

i n t e r e s t e d  i n  t h e  g r a z i n g  o f  forage crops, o r  ha rves t ing  them f o r  

straw. Furthermore h a r v e s t i n g  a t  a p a r t i c u l  a r  phenol og ica l  age can 

mean q u i t e  b i g  d i f f e r e n c e s  i n  ch rono log ica l  age and hence y i e l d .  

Therefore  we need t o  know whether growth cont inues a f t e r  f l o w e r i n g  

a t  t h e  same r a t e  as be fo re  f l o w e r i n g ,  and t h e  extend t h a t  fo rage  

q u a l i t y  changes a f t e r  f l ower ing .  Common c h i c k l i n g  ( s e l e c t i o n  439), 

ochrus c h i c k l  i n g  ( s e l e c t i o n  104), Narbon ve tch  (access ion 67) ,  

wool ly-pod ve tch  (access ion 683) and t h r e e  genotypes o f  common vetch 

( s e l e c t i o n s  2541, 2020 and 2037), were used i n  t h e  experiment. 

The experiment was sown on 18 November 1986, a t  t h e  seeding r a t e  

o f  80 kg per ha, and 40 kg per ha o f  P 0 was a p p l i e d  be fo re  sowing. 
2 5 

A randomized b lock  des ign  was used w i t h  t h r e e  r e p l i c a t e s .  I n  each 

b lock  t h e  e n t r i e s  were randomly a1 l o c a t e d  t o  5 m x 5 m p l o t s .  Each 
2 

p l o t  was t h e n  sub-d iv ided i n t o  severa l  0.5 in subp lo ts  having 

adequate guard areas around t h e  whole p l o t  as we l l  as between t h e  
2 

sampling areas. At any one harvest ,  two  0.5 m subp lo ts  were 

randomly harvested t o  make up a t o t a l  o f  one square meter. 



The f i r s t  r a i n  a f t e r  sowing was on 18  December 1986, hence 

germina t ion  occurred around 25 December 1986. S i x  harvests  were 

taken: on 2 March, 22 March, 6 A p r i l ,  21 A p r i l ,  5 May and 18 May 

1987: 66, 87, 102, 118, 132, and 145 days a f t e r  sowing. At  each 
2 

harvest ,  two 0.5 m quadrats were harvested and t h e  f r e s h  weights  

were imned ia te l y  recorded. Sub-samples were taken  f o r  oven d r y i n g  
0 

a t  80-90 C f o r  24 hours f o r  t h e  de te rm ina t ion  o f  d r y  mat ter  percent.  

Fu r the r  sub-samples were taken  and separated i n t o  stems and leaves, 

and on days 132 and 145 i n t o  stems, leaves and pods, f o r  

de te rm ina t ion  o f  l e a f / s h o o t  r a t i o  on a d r y  weight bas is .  For t h e  

growth and development s tud ies,  t h e  phenolog ica l  stage o f  each e n t r y  

was recorded a t  each harvest.  Leaf  area index (LAI)  was measured 

us ing  t h e  e l e c t r o n i c  l e a f  area meter and c rop  growth r a t e  (C) was 

c a l c u l a t e d  accord ing t o  t h e  equat ion: 

Where W/2 and W / 1 ,  a r e  y i e l d s  a t  t imes  2 and 1 r e s p e c t i v e l y ,  and 

A i s t h e  quadrat area. 

At  each harvest ,  samples f rom each genotype, i n c l u d i n g  stems and 

leaves,  were ground and analysed f o r  CP, IVDDM, ash, NDF, and ADF. 

F r o s t s  occurred f rom be fo re  t h e  f i r s t  harvest u n t i l  22 March 

(day 87). The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  between d r y  mat ter  

y i e l d s  a t  day 66 (Table  4.8) i n d i c a t e s  t h a t  e a r l y  growth o f  t h e  

d i f f e r e n t  genotypes was s i m i l a r .  Large d i f f e r e n c e s  were found 

between genotypes regard ing  t i m e  a t  which maximum d r y  mat ter  was 

a t t a i n e d  (Table  4.8). Narbon vetch, wool ly-pod vetch, common vetch 

( s e l e c t i o n  2541) and ochrus c h i c k l i n g  ( s e l e c t i o n  104), a t t a i n e d  

t h e i r  maximum y i e l d s  a t  day 132, a t  phenolog ica l  stages o f  100% 

podding , 50% poddi ng , 100% poddi ng and 100% poddi ng r e s p e c t i  vel y. 

I n  con t ras t  common c h i c k l i n g  s e l e c t i o n  439 and common vetch 



Table 4.8. Mean herbage y i e l d  ( t  per ha) o f  t h e  d i f f e r e n t  

genotypes o f  vetch and c h i c k l i n g  f o r  t h e  d i f f e r e n t  harvests .  

Wool 1  y-pod vetch 

acc. 683 

Narbon vetch 

acc. 67 

Ochrus c h i c k l i n g  

acc. 104 

Common c h i c k l  i ng 

acc. 439 

Common vetch 

se l .  2541 

sel  . 2037 

sel  . 2020 

L.S.D. (P<0.05) 

s e l e c t i o n s  2037 and 2020 a t t a i n e d  t h e i r  maximum y i e l d  a t  day 145, a t  

100% podding f o r  t h e  f i r s t  and a t  m a t u r i t y  f o r  t h e  o t h e r  two  

genotypes. By t h e  t i m e  each genotype a t t a i n e d  maximum d r y  ma t te r ,  a  

cons iderab le  p o r t i o n  o f  t h e  d r y  ma t te r  was i n  t h e  pods. 

Dur ing t h e  season s i g n i f i c a n t  d i f f e r e n c e s  were found between 

genotypes i n  r e s p e c t  t o  d r y  ma t te r  p r o d u c t i o n  (Table 4.8). A t  day 

87 and 102 wool ly-pod ve tch  had t h e  h ighes t  d r y  ma t te r  f o l l o w e d  by 

Narbon vetch and comnon vetch s e l e c t i o n  2541, t h e  l a t t e r  two  having 

comparable y i e l d s .  A t  day 118 wool ly-pod vetch, Narbon ve tch  and 

comnon vetch s e l e c t i o n  2541 had t h e  h ighes t  y i e l d s ,  w h i l e  comnon 

vetch s e l e c t i o n s  2035, 2020, and common c h i c k l  i ng s e l e c t i o n  439 had 



t h e  lowest  y i e l d s .  By day 132 a1 1  t h e  e n t r i e s  except Narbon vetch 

had more o r  l e s s  s i m i l a r  y i e l d s :  Narbon ve tch  however, doubled i t s  

y i e l d  between day 118 and day 132. 

The LA1 o f  a l l  e n t r i e s  i nc reased  w i t h  t i m e  (Table 4.9). Except 

a t  day 132, wool ly-pod vetch had t h e  h ighes t  LAI: t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  o t h e r  genotypes. The genotypes 

a l s o  d i f f e r e d  i n  maximum LAI: 6.98 f o r  wool ly -pod vetch, t h e  o t h e r  

genotypes rang ing  f rom 3.95 t o  5.04. Growth r a t e  (C) f o l l o w e d  a  

s i m i l a r  p a t t e r n  t o  t h a t  o f  LAI, a l l  genotypes i n c r e a s i n g  l i n e a r l y  

w i t h  t i m e  t o  day 118. D i f f e r e n c e s  between e n t r i e s  w i t h  r e g a r d  t o  C 

were l e s s  than  f o r  LAI. 

Table 4.9. Mean l e a f  area i n d i c e s  o f  t h e  d : f fe ren t  genotypes 

o f  vetch and c h i c k l i n g  f o r  t h e  d i f f e r e n t  harvests.' 

Day 66 87 102 118 132 

Date 2.111 22.111 6.IV 21.V 5.V 

Wool1 y-pod vetch 

acc. 683 

Narbon vetch 

acc. 67 

Ochrus c h i c k l  i ng 

acc. 104 

Common c h i c k l  i ng 

acc. 439 

Common vetch 

se l .  2541 

se l .  2037 

sel  . 2020 

L.S.D. (P<0.05) 



A l l  genotypes except Narbon vetch main ta ined t h e i r  l e a f / s h o o t  

r a t i o  through t o  day 102, a f t e r  which t h e r e  was a  sharp dec l i ne ,  t h e  

crops becoming very stemmy by day 132 (Tab le  4.10). Throughout t h e  

growing season Narbon vetch had t h e  lowes t  l e a f l s h o o t  r a t i o  and 

common vetch t h e  h ighes t .  For t h e  o the r  genotypes t h e r e  were o n l y  

smal l  , though s i g n i f i c a n t ,  d i f f e r e n c e s .  Leaf /shoot  r a t i o s  o f  a l l  

genotypes a t  day 132 were l o w  compared t o  day 118. 

Table 4.10. Straw and seed y i e l d s ,  s t raw q u a l ' t y  (IVDDM and CP), 

and harvest  'ndex ( H I )  o f  t h e  var'ous genotypes of f i v e  fo rage  

1 eg ume species. 

Straw y i e l d  Seed y i e l d  IVDOM CP H I  

( t  per ha) ( t  per ha) (%) (%)  

Wool ly pod vetch 3.69 1.29 29 13.1 0.26 

Narbon vetch 6.05 3.45 60 10.1 0.36 

Ochrus ch ick1 i ng 3.98 1.69 59 11.1 0.30 

Common ch i  c k l  i ng 4.49 1.40 61 19.2 0.24 

Common vetch 

s e l e c t i o n  2541 4.74 2.31 58 13.1 0.33 

s e l e c t i o n  2037 4.33 0.98 57 13.2 0.18 

s e l e c t i o n  2020 3.61 1.18 61 15.9 0.25 

L.S.D. (P<0.05) 1.68 0.68 46 3.02 

High e a r l y  values o f  NDF, ADF, IVDDM and ash were main ta ined 

u n t i l  day 102, beyond which NDF and ADF s t a r t e d  t o  r i s e  and IVDDM, 

CP and ash s t a r t e d  t o  dec l i ne .  Throughout t h e  growing season Narbon 

vetch had t h e  h ighes t  ADF and NDF, w h i l e  d i f f e r e n c e s  between o the r  

genotypes were no t  s i g n i f i c a n t .  E v e n t u a l l y  CP o f  a l l  genotypes 

d e c l i n e d  bu t  t o t a l  ha rves tab le  p r o t e i n  increased u n t i l  day 118. 



Increases between days 118 and 132, except  f o r  Narbon vetch, were 

smal l ,  and t o t a l  ha rves tab le  p r o t e i n  o f  a l l  genotypes a t  day 145 

were e i t h e r  s i m i l a r  o r  1  ower t h a n  a t  day 132. Woolly-pod ve tch  had 

t h e  h ighes t  p r o t e i n  y i e l d  u n t i l  day 118, and common ve tch  s e l e c t i o n  

2020 t h e  l e a s t .  On day 132 Narbon ve tch  had t h e  h ighes t  p r o t e i n  

y i e l d  f o l l o w e d  by common ch ick1 i ng s e l e c t i o n  104. Maximum l e a f  

p r o t e i n  was on day 118: a t  days 132 and 145 most o f  t h e  n i t r o g e n  had 

been t r a n s l o c a t e d  f rom t h e  leaves  t o  t h e  pods. 

Seed and s t raw y i e l d s  o f  Narbon ve tch  were f a r  h igher  t h a n  t h e  

o t h e r  forages, and ha rves t  index o f  t h i s  spec ies  reached 0.36 (Table 

4.10). I t s  s t raw q u a l i t y  ( i n  terms o f  IVDMO) was a l s o  h i g h  

i n d i c a t i n g  t h a t  t h i s  vetch may have cons ide rab le  p o t e n t i a l  as a  

legume crop produc ing s t raw and g r a i n  t o  f e e d  t o  l i v e s t o c k .  As a  

g r a z i n g  crop however, i t  i s  l e s s  p a l a t a b l e ,  and may no t  be so we l l  

su i ted .  

As a  r e s u l t  o f  t h i s  and o t h e r  exper iments ( i n c l u d i n g  on-farm 

exper iments) t h e  va r ious  forage crops may be o f  va lue as f o l l o w s :  

- common ve tch  - f o r  h i g h  q u a l i t y  hay and g r a z i n g  i n  areas 

r e c e i  v i  ng 300mm r a i  n f a l l  o r  more; 

- w o o l l y  pod ve tch  - f o r  hay and g r a z i n g  w i t h  q u a l i t y  (due 

t o  1  ower p a l a t a b i l i t y )  r a t h e r  l e s s  t h a n  common vetch; a1 so 

o f  va lue i n  very  c o l d  areas; 

- Narbon ve tch  - f o r  g r a i n  and s t raw i n  areas r e c e i v i n g  250 

- 350 mm o f  r a i  n f a l l  ; and 

- ochrus and common c h i c k l i n g  - f o r  graz ing;  g r a i n  and s t r a w  

i n  areas r e c e i v i n g  250 - 300 mm r a i  n f a l l  . - A l i  Abd El 
Moneim, Mohamed A.M. K h a i r  ( V i s i t i n g  s c i e n t i s t ,  ARC, 
Sudan) 



Experiment 4.10: d i s t r i b u t i o n  o f  pas tu re  and f o r a g e  seeds 

Table 4.11 shows t h e  d i s t r i b u t i o n  o f  seeds i n  1986/87. By f a r  

t h e  g r e a t e s t  amount was d i s t r i b u t e d  w i t h i n  t h e  ICARDA reg ion ,  

e s p e c i a l l y  t o  n o r t h  A f r i c a .  It was p leas ing  a l s o  t h a t ,  f o r  t h e  

second successive year ,  ICARDA was a b l e  t o  supply  ACSAD w i t h  100 kg 

o f  medic seed, ma in l y  M. r i g i d u l a .  

Tab le  4.11. D i s t r i b u t i o n  o f  t h e  seeds (kg)  o f  ICARDA s e l e c t i o n s  

t o  i n s t i t u t i o n s  i n s i d e  and o u t s i d e  o f  ICARDA's reg ion .  

Species 

Country Vetch Chi c k l  i ng Medics Others 

A l g e r i a  

A u s t r a l i a  

Cyprus 

E ~ Y  p t  
France 

Jordan 

Kenya 

Lebanon 

Morocco 

Pak is tan  

Saudi Arabia 

Spain 

S y r i a  

Turkey 

U n i t e d  kingdom 

Tota l  

(1) 
C o l l a b o r a t i v e  p r o j e c t  w i t h  France: most o f  t h e  medics 

were sown i n  A lge r ia .  
( 2 )  

Inc ludes 100 kg t o  ACSAD: does no t  i n c l  ude ICARDA/SMAAR 

c o l l a b o r a t i v e  exper iments.  



Al though a huge inc rease  over p rev ious  years ,  we expect  t h a t  t h e  

amount d i s t r i b u t e d  i n  1986/87 w i l l  be cons ide rab ly  exceeded i n  

1987/88. It should  be noted t h a t  n e a r l y  I t  o f  medics, no t  i n c l u d e d  

i n  Table 4.11, were used i n  ICARDA/SMAAR c o l l a b o r a t i v e  p r o j e c t s  a t  

Tah, Kamishly,  I z r a a ,  and o t h e r  cent res .  ICARDA a1 so c o l l a b o r a t e d  

i n  t h e  p r o d u c t i o n  o f  200 kg o f  I?. r i g i d u l a  seed a t  K ra im s t a t i o n ,  

near Hama. 

The amount o f  seed d i s t r i b u t e d  i s  l i m i t e d  c h i e f l y  by ICARDA's 

a b i l i t y  t o  produce seed. - P.S.Cocks 
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CHAPTER 5 :  BIOLOGICAL NITROGEN FIXATION 

Because problems assoc ia ted  w i t h  poor nodul a t i o n  a r e  more severe 

i n  pasture  t h a n  i n  fo rage  legumes, PFLP has g i v e n  h i g h  p r i o r i t y  t o  

t h e  former over t h e  l a t t e r .  

An e s s e n t i a l  component o f  a  successfu l  l e y  farming system i s  t h e  

e f f e c t i v e  and abundant n o d u l a t i o n  o f  t h e  medic p l a n t .  For va r ious  

reasons, p o p u l a t i o n  l e v e l  s  o f  Rh izob i  um me1 il o t i  have d e c l i n e d  f rom 

expected l e v e l s  based on t h e  f a c t  t h a t  t h e  Medi ter ranean b a s i n  i s  

t h e  cen te r  o f  o r i g i n  o f  medics. It i s  t h e r e f o r e  o f  impor tance t o  

understand t h e  reasons f o r  t h i s  and t h e  o f t e n  complex i n t e r a c t i o n s  

between t h e  medic p l a n t ,  r h i z o b i a  and environment. Even where R. 
m e l i l o t i  i s  abundant t h e r e  a r e  o f t e n  problems due t o  h o s t - s t r a i n  

s p e c i f i c i t y  and t h e  poor compet i t i ve  a b i l i t y  o f  e f f e c t i v e  s t r a i n s .  

Chapter 5 a1 so dea ls  w i t h  t h e  impor tan t  ques t ion  o f  how t o  

i n t r o d u c e  e f f e c t i  ve r h i  zobi a  s t r a i  ns i n t o  t h e  ecosystem. Exper ience 

has shown us t h a t  s imple i n o c u l a t i o n  w i t h  peat-based i n o c u l  an ts  

o f t e n  f a i l s  even though t h e  s t r a i n  i s  known t o  be e f f e c t i v e .  We 

b e l i e v e  t h a t  one o f  t h e  reasons i s  t h e  o f t e n  harsh c o n d i t i o n s  a t  

sowing t ime :  because o f  o the r  commitments and e s p e c i a l l y  when t h e  

f i r s t  autumn r a i n s  a r e  l a t e ,  fa rmers  p r e f e r  t o  sow i n t o  d r y  s o i l .  

Under these c o n d i t i o n s  t h e r e  i s  a  h i g h  death r a t e  o f  b a c t e r i a  on t h e  

su r face  o f  t h e  seeds and hence unsuccessful  i n o c u l a t i o n .  Th is  

problem i s  examined i n  several  exper iments i n  Chapter 5 and i s  t h e  

b a s i s  o f  a  deve lop ing 1  i n k  w i t h  t h e  Boyce Thompson I n s t i t u t e  i n  t h e  

U n i t e d  Sta tes .  

Techniques o f  g e n e t i c  eng ineer ing  have p robab ly  been more 

successful  i n  m ic rob i  o logy than  i n  any o the r  branch o f  b io logy .  For 

t h i s  reason PFLP i s  deve lop ing l i n k a g e s  w i t h  o t h e r  advanced 

i n s t i t u t i o n s  and these a r e  a1 so descr ibed. 



Experiaent 5.1: symbiot ic response o f  medic species 

t o  indigenous rhi zobi a (heschedule M18) 

The object ives of experiment 5.1 are f i r s t l y  t o  c o l l e c t  a  wide 

d i v e r s i t y  of R. m e l i l o t i  , secondly t o  ob ta in  in format ion on t h e i r  

s p e c i f i c i t y  w i t h  s i x  medic species, and t h i r d l y  t o  c l a r i f y  

re la t i onsh ips  between t h e  s t ra ins  and t h e i r  na t ive  habi tats .  

As previously  s ta ted  we have o f t en  observed t h a t  many s o i l s  i n  

t h e  reg ion  conta in l i t t l e  or no rh i zob ia  e f f e c t i v e  f o r  p a r t i c u l a r  

medics. I n  order t o  know where i nocu la t i on  i s  requi red,  i t  i s  

necessary t o  def ine t he  d i s t r i b u t i o n  o f  such so i l s .  To f i n d  t he  

answer, medic r h i  zobi a  were i s o l a t e d  from samples c o l l  ected from 

arable and non-arable s i t e s  i n  Syr ia  (91 samples), Jordan (18), 

Turkey (19) and Cyprus (6).  

The i so la tes  ( s t ra ins )  were grown i n  yeast mannitol b ro th  and 

used t o  inocu la te  seedlings o f  M. r i g i d u l a ,  M. noeana, - M. 

o rb i cu la r i s ,  M. ro ta ta ,  5. polymorpha cv C i r c l e  Val ley and M. 
t runcatu l  a  cv Jemal ong. Asept ica l l  y-grown seed1 ings were 

t rans fe r red  i n t o  t e s t  tubes conta in ing a  mixture o f  vermicu l i te  and 

gravel ,  and allowed t o  grow for 6-7 weeks a t  which t ime symbiot ic 

responses (p lan t  mass, nodule number, col our, and vigour) were 

eval uated. Based on these parameters we have been able t o  rank t h e  

i n - v i t r o  response of each medic t o  each o f  t he  134 i so la tes .  -- 

The r e s u l t s  i nd i ca te  t h a t  t he  indigenous rh i zob ia  vary 

s i g n i f i c a n t l y  i n  t h e i r  a b i l i t y  t o  nodulate t he  various p lan t  hosts. 

More than ha1 f o f  t h e  s t ra ins  produced abnormal p lan t - rh izob ia  

re1 a t ionsh i  ps i n  a t  l e a s t  some o f  the  medics, most commonly M. 
ob icu la r i s  and the  Aus t ra l ian  c u l t i v a r s ,  i.e. no nodules or on ly  

i n e f f e c t i v e  nodules were formed (Tab1 e  5.1). M. r i g i d u l a  nodulated 

e f f e c t i v e l y  w i t h  many s t ra ins  obtained from Syr ian s o i l s  but o f t en  



failed t o  nodulate when inoculated with s t ra ins  from Jordan. These 

resul ts  are surprising as some of the species are widespread in the 

s i t e s  where the rhizobia were collected. However, i t  supports the 

hypothesis that  many species and cult ivars are poorly adapted t o  

certain environments: i n  many instances, s t ra ins  ineffective on one 

species were effective on others, i ndi cati ng that considerable host 

specificity occurs with the indigenous populations. 

Table 5.1. In-vitro nodulation performance of 134 

indigenous R. me1 i l o t i  straine on six annual medic species. 

The number of isolates (% in brackets) i s  given for each 

nodul ation category. 

Medic 

host 

- -- -- - - - 

Effective Par t ia l ly  Ineffective Nodules 

nodules effective nodules lacking 

M. rigidula - 38(28) 14(10) 34(25) 48 (36 ) 
M. noeana - -  26(19) 33(25) 33i25) 42 (31 ) 
M. rotata - -  40(30) 20(15) 42(31) 32(24) 
M. orbiculari s 25(19) l l ( 8 )  36(27) 62 (46) 
I 
M. 01 mor ha- -- 21(16) 16(12) 39(29) 58 (43) 
M. truncatula- - 12(9) 38(28) 21(16) 63 (47) 

1 
Cult i var Circle Val 1 ey 

2 
Cul t i  var Jemal ong 

Two conclusions can be drawn: f i r s t l y  that in a l l  medic species 

there i s  a chance of nodulation fa i lure ,  even in uncultivated so i l s ;  

and secondly, the diversity of rhizobia i s  such as t o  provide an 

opportunity t o  select competitive and persistent s t ra ins  effective 

and compatible for a l l  hosts. The s t ra ins  which we found t o  give 

positive responses will be subjected t o  further a n d  more vigorous 



Table 5.2. Correlation coe f f i c i en t s  f o r  t h e  re1 at ionships between 

paired va r i e t i e s  of I?. r ig idula  i n  respect  of t h e i r  response 

t o  inoculation with 20 s t r a i n s  of R. me1 i l o t i .  

ci nerascens submitis r ig idula  

Variety r P n r P n r P n 

agres t  i  s .771 <.001 20 .866 <.001 19 .I78 ns 20 

ci nerascens - .826 <.001 19 -.072 ns 20 

submitis - - .083 ns 19 

r = corre la t ion  coeff ic ien t ;  p = probabil i ty;  n = number of 

comparisons; ns = not s igni f icant  (PN.05). 

screening i n  plant-soil systems t o  evaluate t h e i r  a b i l i t y  t o  survive 

and compete against  inef fec t ive  nat ive rhizobia. 

Because of t he  taxonomic d ive r s i ty  of M. r ig idu la ,  which has 

four va r i e t i e s ,  some a t t en t ion  was a l s o  given t o  t h e  question of 

s t r a i n  spec i f i c i t y  within the species.  From in-v i t ro  experiments 

conducted in  col laborat ion with Dr John Brockwell, (CSIRO, 

Aus t r a l i a ) ,  i t  was found tha t  va r i e t i e s  agres t i  s ,  ci nerascens and 

submitis were s trongly in t e r - r e l a t ed  when inoculated with rhizobia 

s t r a i n s  CC2601, CC2602, CC2603, CC2604, and ICARDA s t r a i n s  MI, M12, 

M17, M18, M23, M29, M34, M36, M37, M38, M44, M45, M90, M124, MI40 

and M144 (Table 5.2). In cont ras t  t he re  were no s ign i f i can t  

r e l a t ionsh ips  involving variety r ig idu la ,  suggesting t h a t  i t  has 

spec i f ic  requirements. However on1 y s ingle  ecotypes of each variety 

were in  t he  experiment so caution must be used in  in terpre t ing  t h e  

r e s u l t s .  Unfortunate1 y ,  i n  f i  el d experiments conducted a t  Tel 

Hadya, i t  i s  not possible t o  detect  these  in terac t ions  because of a  

strong background of nati ve rhizobia e f f ec t ive  on M. r ig idu la .  - 
Luis A. Materon and John Brockwell (CSIRO, Austral ia)  



Experiment 5.2: status of  the Rhizobiun 

collection (Preschedul e M19) 

The o b j e c t i v e s  o f  experiment 5.2 a r e  f i r s t l y ,  t o  e s t a b l i s h  a  

c o l l e c t i o n  o f  r h i z o b i a  e f f e c t i v e  on medics, and o the r  pas tu re  and 

fo rage  legumes, secondly,  t o  p r o v i d e  r h i z o b i a  t o  and exchange w i t h  

o t h e r  s c i e n t i s t s ,  and t h i r d l y  t o  encourage research  on s t r a i n  

s e l e c t i o n  w i t h i n  west As ia  and n o r t h  A f r i c a .  

As i n  a  p l a n t  breed ing program, i t  i s  e s s e n t i a l  t o  base t h e  

improvement o f  r h i z o b i a  on an e x t e n s i v e  c o l l e c t i o n  o f  s t r a i n s  w i t h  

o r i g i n s  as broadly-based as p o s s i b l e ,  g e o g r a p h i c a l l y  as we l l  as 

taxonomica l l y .  To t h a t  end ICARDA commenced co l  1  e c t i  ng r h i  zobi  a  f o r  

pas tu re  and fo rage  spec ies  i n  1985/86. 

Most o f  t h e  c u l t u r e s  o f  R. me1 il o t i  ( fo rms nodules on medics), 

R. t r i f o l  ii (forms nodules on c l o v e r s )  and R. leguminosarum (forms - 
nodules on vetches, c h i c k l i n g s ,  and l e n t i l s )  have been i s o l a t e d  f rom 

s o i l  samples co l1  ec ted  f rom n a t i  ve pastures throughout  S y r i a ,  

Jordan, Turkey, and Cyprus du r ing  f i e l d  t r i p s ,  and f r o m  overseas 

germplasm c o l l e c t i o n s .  To c o n f i r m  t h e  n i t r o g e n - f i x i  ng p o t e n t i a l  o f  

R .  me1 i l o t i  , b o t h  M. r i g i d u l a  and M. noeana have been used as ' t r a p  - 
spec ies '  as t h e y  seem t o  be t h e  most promiscuous o f  t h e  medic 

spec ies  so f a r  s tud ied.  Seedl ings a r e  grown i n  a  v e r m i c u l i t e  and 

sand m i x t u r e  c o n t a i n i n g  a p l a n t  n u t r i e n t  s o l u t i o n  devo id  o f  

n i t rogen .  The s o i l  sample ( c o n t a i n i n g  t h e  r h i z o b i a )  i s  v i g o r o u s l y  

shaken w i t h  water  and a  small volume i s  used t o  i n o c u l a t e  t h e  

seed1 ing.  Rh izob ia  a r e  t h e n  i s01  a t e d  f rom any nodule produced. 

C u r r e n t l y  t h e  c o l l e c t i o n  c o n s i s t s  o f  295 p u r i f i e d  s t r a i n s  o f  8. 
m e l i l o t i ,  o f  which 35 a r e  a n t i b i o t i c - r e s i s t a n t  mutants,  15 o f  R. 
t r i f o l  ii and 42 o f  R. leguminosarum. I n  f u t u r e ,  t h e  c o l l e c t i o n  w i l l  

be en larged w i t h  c u l t u r e s  f rom n o r t h  A f r i c a n  c o u n t r i e s  and elsewhere 



Table 5.3. In te rna t i ona l  requests and de l i ve r ies  o f  peat-based 

rh i zob ia  inoculant  bags and cu l tu res  f o r  pasture and forage 

legumes i n  1986-87. I n  brackets: pure cu l tu res  on YMA slants. 

Type o f  Legume Number o f  inoculant  countryL 
1 

bags 

Medics 49 A lger ia  

Medics (15) Austral i a 

Medics 12 Cyprus 

Vetches 9 Cyprus 

Lat hyrus 

Medics 

1 Cyprus 

(10) E ~ Y  Pt 
Medics 2 Eth iop ia  

C1 overs 

Medics 

Medi cs 

Medics 

Medics 

Medics 

Medics 

Medics 

Medics 

Vetches 

Medics 

Medics 

Hedysarum 

(2) Eth iop ia  

77(4) France 
8 Greece 

105 Jordan 

(4) I t a l y  

( 1  Lebanon 
55 Morocco 

2 Nepal 

10 Pakistan 

5 Pakistan 

5 Portugal 

4(10) Spain 

(2) Spain 
Medics 1(1)  Sweden 

Medics 119 Syr ia  

Vetches 8 Syr ia  

Medics 2 Tunisia 

Medics 10(4) Turkey 

Medics (2) U.K. 

Medi cs (4 )  U.S.A. 

Total 484(59) 
1 

Each inoculant  bag neighs 909 and w i l l  inocu la te  approximate1 y 

3.5 kg o f  medic seed. 
2 

Includes cooperative pro jec ts  between I C A R D A  and M i n i s t r i e s  o f  

Ag r i cu l tu re  



i n  west Asia,  t h rough  cooperators  f rom n a t i o n a l  i n s t i t u t i o n s ,  IBPGR, 

MIRCEN, ICARDA's Genet ic  Resource Program and f rom researchers  of 

o the r  coun t r i es .  

0 
Up t o  now, r h i z o b i a  c u l t u r e s  have been main ta ined a t  4 C i n  

b o t t l e s  (20ml) c o n t a i n i n g  yeas t  manni to l  agar medium. However we 

have now i n i t i a t e d  t e s t s  on t h e  use o f  c u l t u r e  l y o p h i l i z a t i o n ,  i n  

which f r e e z e - d r i e d  c u l t u r e s  can be s t o r e d  i n  ampoules o r  small 

v i a l s .  Th is  w i l l  r e s u l t  i n  l o n g e r  p r e s e r v a t i o n  and min imize g e n e t i c  

v a r i a b i l i t y .  

Pure s t r a i n s  o f  r h i z o b i a  f o r  pas tu re  and fo rage  spec ies  a r e  

a v a i l a b l e  upon request .  A  cata logue c o n t a i n i n g  i n f o r m a t i o n  on 

ICARDA's c o l l  e c t i  on w i l l  be prepared f o r  t h e  coming season. 

There i s  a  growing demand f o r  i n o c u l a n t s  f o r  use i n  ICARDA 

p r o j e c t s  i n  S y r i a  and abroad, and f o r  use by o the r  o rgan iza t ions .  

The m i c r o b i o l o g y  l a b o r a t o r y  a t  Tel Hadya suppl i e s  a l l  t h e s e  

requ i rements  by p repar ing  i noculants  having peat-based c a r r i e r s  

s t e r i l i z e d  by gamma-irradiat ion.  A t  m a t u r i t y ,  t h e  p o p u l a t i o n  
9 

d e n s i t y  reaches approx imate ly  10 r h i z o b i a  per gram o f  peat 

i n o c u l a n t .  

I n  1987 a  t o t a l  o f  484 i n o c u l a n t  bags was d i s t r i b u t e d  t o  

cooperators,  mos t l y  f rom c o u n t r i e s  o f  t h e  Mediterranean b a s i n  area 

(Tab le  5.3). Small amounts o f  peat-based i n o c u l a n t s  a r e  a l s o  
prepared f o r  i n t e r e s t e d  researchers  o u t s i d e  o f  t h e  ICARDA reg ion.  - 
Luis A. Materon 



Experiment 5-3: persistence of rhizobia strain WSM244 

(Preschedul e H20 ) 

The o b j e c t i v e  o f  t h i s  experiment was t o  t e s t  t h e  c o m p a t a b i l i t y ,  

compet i t i veness and seasonal pe rs i s tence  o f  s t r a i n  WSM244 a r h i z o b i a  

used w i d e l y  i n  west As ia  and n o r t h  A f r i c a .  

I n  t h e  p rev ious  y e a r  i t  was found t h a t ,  by us ing  mutants 

r e s i s t a n t  t o  a  c e r t a i n  l e v e l  o f  a n t i b i o t i c s ,  s t r a i n  WSM244, 

p r e v i o u s l y  used i n  Tel Hadya t o  i n o c u l a t e  M. r i g i d u l a ,  d i d  no t  

produce nodules on t h a t  host.  The mutant used was r e s i s t a n t  t o  h i g h  

concen t ra t i ons  o f  s t rep tomyc in  (150 micrograms per ml o f  

s t rep tomyc in  s u l f a t e  i n  yeas t  manni to l  agar (YMA) medium) and had 

p r e v i o u s l y  been shown t o  have u n a l t e r e d  n i t r o g e n  f i x i n g  c a p a c i t y  and 

symb io t i c  response. The mutant i s  present  i n  a  nodule i f  b a c t e r i a  

i s o l a t e d  f rom t h e  nodule grow on t h e  YMA medium supplemented w i t h  

streptomycin.  I f  t h e  i s o l a t e  w i l l  no t  grow on t h i s  medium it i s  

assumed t h a t  t h e  nodule was produced by n a t i v e  r h i z o b i a .  

The o r i g i n a l  exper iment was sown i n  November 1985. It c o n s i s t e d  

o f  a  s p l i t - p l o t  des ign w i t h  t h r e e  medic species (M. r i g i d u l a  

s e l e c t i o n  716, M. t r u n c a t u l a  c v  Jemalong, and M. polymorpha c v  

C i r c l e  V a l l e y )  as  main p l o t s  and t h r e e  i n o c u l a t i o n  r a t e s  ( l x ,  5x, 

l o x  t h e  recommended r a t e  o f  peat i n o c u l a n t )  as subplo ts .  Dur ing  t h e  

c u r r e n t  yea r  these  t rea tmen ts  were i g n o r e d  and t h e  p l o t s  were kep t  

o n l y  f o r  s t u d i e s  o f  t h e  seasonal p e r s i s t e n c e  o f  WSM244. 

Sel f - r e g e n e r a t i n g  growth o f  seed1 i n g s  was observed i n  t h e  p l  o t s  

a f t e r  t h e  l i g h t  r a i n s  i n  e a r l y  December 1986. I n  mid-March 100 

nodules f rom each species ( d i s t r i b u t e d  over  a l l  rep1 i c a t e s )  were 

c o l l e c t e d  and t h e  i s o l a t e d  r h i z o b i a  t r a n s f e r r e d  t o  YMA-anti b i o t i c  

medi urn f o r  i d e n t i f i c a t i o n .  F i v e  measurements on t h e  n i t rogenase  

a c t i v i t y  were a l s o  conducted d u r i n g  t h e  growing season. To ta l  

herbage y i e l d  was measured i n  l a t e  A p r i l .  



Table 5.4. Propor t ion o f  nodules produced by i noculant s t r a i n  WSM244 i n  

sel f - regenerat ing medics during a second season i n  Tel Hadya (1986-87) 

%nodules produced by: Mean number Mean Herbage 

Species WSM 244 nat i ve o f  nodule n i t r o g e n ~ s e  y i e l d  

rh i zob ia  per plant a c t i v i t y  kg / ha 

M. r i g i d u l a  - 0 100 10.9 0.4 3135 

M. polymorpha 94 - 6 3.3 0.3 4680 

M. t runca tu la  96 - 4 6.5 0.2 2914 

LSD (P<0.05) 1.3 

Micromoles C H per ml per p lant  per hr (acetylene reduc t ion  a c t i v i t y  a t  
2 4 

t h e  f lower ing stage) 

The r e s u l t s  showed t h a t  s t r a i n  WSM244 was p e r s i s t e n t  i n  t h e  s o i l  

and h i g h l y  c o m p e t i t i v e  w i t h  t h e  n a t i v e  s o i l  r h i z o b i a  f o r  nodule 

s i t e s  i n  E. polymorpha and M. t r u n c a t u l a :  t h e  mutant s t r a i n  produced 

94 and 96%, r e s p e c t i v e l y ,  o f  t h e  nodules o f  these spec ies  (Table 

5.4), whereas f o r  M. r i g i d u l a ,  s t r a i n  WSM244 was not  detected. It 

t h e r e f o r e  seems l i k e l y  t h a t  WSM244, p r e v i o u s l y  recomnended, i s  a 

poor compet i to r  f o r  nodule  s i t e s  on M. r i g i d u l a ,  a f i n d i n g  o f  

p r a c t i c a l  impor tance f o r  t h e  f u t u r e  use o f  t h i s  species. On t h e  

o t h e r  hand, i t  was found t h a t ,  when a compat ib le  host had p r e v i o u s l y  

been present,  WSM244 p e r s i s t e d  i n  t h e  s o i l  over t h e  sumner i n  t h e  

absence o f  medic p l a n t s  ( f rom May t o  November). Th is  exper iment 

w i l l  be cont inued. - L u i s  A. Hateron 



Experiment 5.4: techniques for i mculati ng 
medics (Preschedules H21 and H22) 

The o b j e c t i v e s  o f  these  exper iments were f i r s t l y  t o  determine 

whether c o a t i n g  seed a f t e r  i n o c u l a t i o n  extends t h e  l i f e  o f  

seed-appl ied r h i  zobia,  second1 y t o  eva l  u a t e  d i f f e r e n t  adhesives used 

t o  s t i c k  r h i z o b i a  t o  seeds, and t h i r d l y  t o  measure t h e  e f f e c t  o f  t h e  

coa t ing  and adhesive t rea tmen ts  on p l a n t  growth. 

I n o c u l a t i n g  medic seed i n  semi -a r id  s o i l s  poses a  problem o f  

s u r v i v a l  f o r  t h e  seed-appl ied r h i z o b i a .  The m o r t a l i t y  r a t e  i s  

h ighes t  w i t h  sha l l ow  sowings, p a r t i c u l a r l y  when s o i l  mo is tu re  i s  no t  

adequate t o  ensure ge rm ina t ion  o f  t h e  seeds. I n  west As ia  and n o r t h  

A f r i c a  i t  i s  o f t e n  necessary t o  sow medics be fo re  t h e  onset o f  t h e  

f i r s t  autumn r a i n s  and t h e  r h i z o b i a  must s u r v i v e  on t h e  seed coat 

sometimes f o r  severa l  weeks. Use o f  c e r t a i n  o rgan ic  agents as 

adhesives t o  s t i c k  t h e  i n o c u l a n t  t o  t h e  seeds may extend s u r v i v a l  o f  

t h e  r h i z o b i  a  due t o  i n t e r a c t i o n s  o f  a  physico-chemical nature .  

Cover ing t h e  i n o c u l a t e d  seed w i t h  a  p r o t e c t i v e ,  non- tox i  c, f i n e l y  

ground coat w i l l  a l s o  p r o v i d e  e x t r a  p r o t e c t i o n .  

To t e s t  a  number o f  d i f f e r e n t  adhesives an experiment i n  two  

p a r t s  was designed. I n  t h e  f i r s t  part', seeds o f  M. r i g i d u l a  

s e l e c t i o n  716, M. r o t a t a  s e l e c t i o n  1943, M. polymorpha c v  C i r c l e  

Val l e y ,  and M. t r u n c a t u l  a  c v  Jemal ong were i n o c u l a t e d  w i t h  

reconmended ICARDA s t r a i n s  o f  R. me1 il o t i ,  us ing  a  s l u r r y  made o f  

peat and s o l u t i o n s  (25% w lv )  o f  t h e  f o l l o w i n g  adhesives: gum a r a b i c ,  

methyl  (gum) c e l l  u l  ose, beet molasses, sucrose, and 

p o l y v i n y l  p y r r o l  i done  (PVP). I n o c u l a t i o n  w i t h  water was i n c l u d e d  as 

a  c o n t r o l  where seeds were no t  i n o c u l a t e d  w i t h  t h e  s l u r r y  paste. 

I n o c u l a n t  was added t o  p rov ide  approx ima te l y  10000 r h i z o b i a  per 

seed. The exper iment had 3  r e p l i c a t e s  and was d u p l i c a t e d  a t  Breda 

(280 mn) and Tel Hadya (330 mn average r a i n f a l l  ). Sowing t o o k  p l a c e  



on 23 December a f t e r  a  p e r i o d  o f  r a i n  t o t a l 1  i n g  63 mn a t  b o t h  

l o c a t i o n s .  A f e r t i l i z e r  dress ing o f  18 kg per ha o f  phosphorus was 

app l i ed ,  and two herbage c u t s  were t a k e n  d u r i n g  t h e  growing season. 

Table 5.5 i l l u s t r a t e s  t h e  main f i n d i n g s  o f  t h e  exper iment.  W i th  

t h e  excep t ion  o f  M. r i g i d u l a ,  which formed nodules w i t h  n a t i v e  

r h i z o b i a ,  a l l  spec ies  responded t o  i n o c u l a t i o n .  Gum a rab ic ,  gum 

c e l l u l o s e  and beet molasses performed g e n e r a l l y  b e t t e r  i n  M. r o t a t a  

and t h e  A u s t r a l i a n  c u l t i v a r s ,  g i v i n g  b e t t e r  n o d u l a t i o n  and h igher  

herbage y i e l  ds. 

The r e s u l t s  i ndi c a t e  t h a t  u s i  ng organi  c  adhesi ves (compared w i t h  

wa te r )  i n  t h e  s l u r r y  paste  r e s u l t s  i n  g r e a t e r  v i a b i l i t y  o f  r h i z o b i a ,  

which a r e  t h e n  a b l e  t o  c o l o n i z e  r o o t s  and produce more nodules. 

U n f o r t u n a t e l y ,  gum a r a b i c  i s  expensive and n o t  r e a d i l y  a v a i l a b l e  t o  

farmers.  Gum c e l l u l o s e a n d  beet molasses a r e  l e s s  expensive and a r e  

t h e r e f o r e  recommended. Inc reas ing  t h e  c o n c e n t r a t i o n  o f  o rgan ic  

adhesives i n  t h e  peat m i x t u r e s  generates problems such as i n s e c t  

a t t a c k s  on i n o c u l a t e d  seed, c l u s t e r i n g  o f  seeds i n  t h e  p lanter -box,  

and uneven sowing d e n s i t i e s .  Concent ra t ions rang ing f rom 15 t o  25% 

(w /v )  have been observed t o  be s a t i s f a c t o r y  t o  keep t h e  peat 

i n o c u l a n t  u n i f o r m l y  a t tached  t o  t h e  seed. 

The second p a r t  of t h e  experiment was designed t o  t e s t  t h e  seed 

coat ings.  I n o c u l a t e d  medic seeds were coated w i t h  f i n e l y  ground 

ca l  c i  um carbonate,  sodi  um mol ybdate,  a c t  i vated o rgan ic  charcoal  , 
v e r m i c u l i t e  o r  r o c k  phosphate. The use o f  ca l c ium carbonate t o  

pel  l e t  or coat i n o c u l a t e d  seed i s  a  comnon p r a c t i c e  i n  developed 

c o u n t r i e s  t o  ensure s u r v i v a l  o f  seed-appl ied r h i z o b i a  i n  a c i d  s o i l s .  

However, we have p r e v i o u s l y  observed t h a t  t h i s  m a t e r i a l  a l s o  a f f o r d s  

p r o t e c t i o n  t o  r h i z o b i a  i n  a1 ka l  i n e  s o i l s .  The exper imental  des ign 

was s i m i l a r  t o  t h a t  i n  which t h e  adhesives were t e s t e d .  The 

adhesive used was gum a r a b i c  i n  s o l u t i o n  (25% w/v). Sowing took  

p lace on 22 and 23 December a t  Tel Hadya and Breda, r e s p e c t i v e l y .  
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The r e s u l t s  a r e  sumnarized i n  Table 5.6. A t  Tel Hadya and 

Breda, t h e r e  were s t rong  responses t o  i n o c u l a t i o n  w i t h  a l l  medics 

except M. r i g i d u l a ,  which aga in  was a b l e  t o  form nodules w i thou t  

be ing inocu la ted.  Some f u r t h e r  responses t o  coa t ing  agents were 

observed compared w i t h  non-coated t reatment .  For example, a t  Breda , 
herbage y i e l d  o f  1. t r u n c a t u l a  was s i g n i f i c a n t l y  b e t t e r  t h a n  b o t h  

c o n t r o l s  when ca lc ium carbonate and v e r m i c u l i t e  were used t o  t r e a t  

t h e  i n o c u l a t e d  seed. S i m i l a r l y ,  M. r o t a t a  responded p o s i t i v e l y  t o  a  

charcoal  c o a t i n g  on t h e  seed. These f i n d i n g s  c o n f i r m  observa t ions  

made and r e p o r t e d  i n  t h e  p rev ious  season. 

Table 5.6. Response of medics t o  inoculation w i t h  r h i z o b i a  and t h e  use of c o a t i n g  agents on 

i n o c u l a t e d  seed sown i n  Tel Hadya and Breda i n  1986-87 (Harvested 5 t o  7 A p r i l ) .  

Herbage y i e l d s  (kg per ha) 

Treatments Tel Hadya Breda Tel Hadya Breda Tel ~ a d y a  8reda Tel Hadya Breda 

Coat ing agents - 14. polymorpha 5. t r u n c a t u l a  M .  r o t a t a  - - - -  M .  r l g i d u l a  
Calcium Carbonate 1218 1599 1123 2403 1185 1641 1645 2053 

Sodium rnolybdate 962 985 818 2265 1176 1362 1358 1005 

Charcoal 907 1275 887 1967 1278 1965 1115 1167 

V e r m i c u l i t e  839 1118 753 2422 1407 1710 1411 1854 

Rock phosphate 1027 957 788 1842 2266 1639 1406 2284 

Uncoated 954 1149 1050 1461 1338 1630 1333 1777 

Uninocul  a t e d  seed 352 448 156 891 409 1203 1318 1386 

LSD (P(0.05) 601 499 413 662 615 509 NS NS 

Cv (%) 29 26 28 30 23 27 25 27 

Even though t h e  y i e l d  advantages over o the r  t rea tmen ts  were n o t  

q u i t e  s i g n i f i c a n t  t h e  use o f  f i n e l y  ground ca lc ium carbonate and 

r o c k  phosphate w i l l  be encouraged t o  p r o t e c t  seed-appl i e d  r h i z o b i a  

aga ins t  adverse environmental  c o n d i t i o n s .  These techn iques w i l l  

con t inue  t o  be i n v e s t i g a t e d  a t  t h r e e  l o c a t i o n s  i n  t h e  coming season. 

- Luis A. Hateron 



Experinent 5.5: selection o f  new strains of  medic 

rhi zobia (Preschedul e W 6 )  

The o b j e c t i v e  o f  experiment 5.5 was t o  eva lua te  r h i z o b i a  f o r  

c o m p a t a b i l i t y  w i t h  t h e i r  hosts  t o  ach ieve maximum n i t r o g e n  f i x a t i o n .  

S t r a i n s  were s e l e c t e d  on t h e  b a s i s  o f  forming f u l l y  e f f e c t i v e ,  

N - f i x i n g  nodules on legume species i n  t h e  presence o f  competing 
2 

s t r a i n s  under t h e  c o n d i t i o n s  o f  s o i l  and c l i m a t e  i n  which t h e y  a r e  

grown. 

Previous work has shown t h a t  t h e r e  a re  s t rong  h o s t l s t r a i n  

i n t e r a c t i o n s .  I n  o rder  t o  c l a r i f y  these i n t e r a c t i o n s  we examined 

t h e  nodu la t ion  o f  s i x  species o f  annual medic w i t h  30 r h i z o b i a  

s t r a i n s  under f i e l d  cond i t i ons .  The species were: M. r i g i d u l a ,  M. 
w, M. r o t a t a ,  M. o r b i c u l a r i s  and t h e  A u s t r a l i a n  c u l t i v a r s  

Jemalong (M. t r u n c a t u l  a )  and C i r c l e  Val l e y  (M. p o l  ymorpha). Two 

s i t e s  were chosen, Tel Hadya (358 m i n  1986187) and Breda (245 mm). 

The experiments cons is ted  o f  spl  i t - p l o t  l a y o u t s  w i t h  t h r e e  

r e p l i c a t e s  and were sown on 22 December (Breda) and 14 November (Te l  

Hadya); t h e  p l o t s  were harvested on 29 A p r i l  and 10 May, 

r e s p e c t i  vely.  

Symbiot ic  response was measured by comparing t h e  herbage y i e l d  

o f  each medic w i t h  t h a t  o f  t h e  un inocu la ted  c o n t r o l .  I n  Table 5.7 

a1 1  increases shown were s i g n i f i c a n t  ( n o n - s i g n i f i c a n t  i nc reases  have 

been omit ted).  A t  Tel Hadya t h e  i n o c u l a t e d  Aus t ra l  i a n  c u l  ti vars  

produced f rom 3  t o  10 t imes  more herbage than  t h e  non- inocu la ted 

con t ro l s .  A t  Breda, M. t r u n c a t u l a  i n o c u l a t e d  w i t h  s t r a i n  LCAROA M57 

t r i p l e d  i t s  y i e l d  and, i n  con t ras t  t o  Tel Hadya, M. r i g i d u l a  a l s o  

responded p o s i t i v e l y  t o  i n o c u l a t i o n .  Note t h a t ,  i n  t h e  absence o f  a  

s t r o n g  compet i tor ,  WSM244 e f f e c t i v e l y  nodula ted - M. r i g i d u l  a  a t  

Breda, a  r e s u l t  which c o n t r a s t s  w i t h  t h a t  a t  Tel Hadya where WSM244 

f a i l e d  t o  fo rm nodules on t h i s  species (experimei;t 5.3). M. noeana, 



Table  5.7. Magnitude o f  s i g n i f i c a n t  (P<0.05) responses i n  herbage 

y i e l d  t o  i n o c u l a t i o n  expressed as a r a t i o  o f  t h e  y i e l d s  o f  p l o t s  

sown w i t h  i n o c u l a t e d  seed t o  those sown w i t h  un inocu la ted  seed. 

Resu l t s  a r e  g i v e n  f o r  growth a t  Breda (B) and Tel  Hadya (TH) i n  

1986/87. Blank spots  i n d i c a t e  no response. 

Medic S t r a i n  o f  Rhizobium me1 i l o t i  

host  

ICARDA ICARDA ICARDA ICARDA ICARDA ICARDA 

M3 M15 M38 M57 M59 MI19 

M. r i g i d u l a  - B 1.7 B 2.0 B 1.7 B 1.9 
M. polymorpha TH 7.8 TH 8.9 TH 6.3 - TH 9.9 
M. t r u n c a t u l a  B 2.2 B 1.8 B 1.9 B 1.8 B 2.7 B 2.0 - 

TH 5.8 TH 3.8 TH 3.1 TH 3.2 TH 3.9 

M. r o t a t a  - -  TH 2.3 TH 2.8 B 2.0 

M. o r b i c u l a r i s  TH 3.6 - B 2.5 
M. noeana - -  TH 1.4 

nodula ted by ICARDA M38, increased i t s  herbage y i e l d  by  1.4 f o l d  a t  

Breda. P r o f i l e s  o f  responses f o r  each s t r a i n  and species a r e  

i l l u s t r a t e d  i n  F ig .  5.1. 

The e v a l u a t i o n  program needs t o  be con t inued  u n t i l  a group o f  

e l i t e  s t r a i n s  a r e  s e l e c t e d  f o r  each comnerc ia l l y  impor tan t  species 

o f  medic. However, t h e  s t r a i n s  a l ready  i s o l a t e d  show cons ide rab le  

promise i n  overcoming what i s  seen t o  be one o f  t h e  most impor tan t  

c o n s t r a i n t s  (poor n o d u l a t i o n  o f  medics) t o  t h e  adop t ion  o f  t h e  l e y  

farming system i n  west As ia  and n o r t h  A f r i c a .  - L u i s  A. Materon 
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Fig. 5.1: C o m p a t i b i l i t y  o f  30 s t r a i n s  o f  r h i z o b i a  w i t h  s i x  m e d i c  
s p e c i e s  a t  T e l  H a d y a  ( c l o s e d  c i r c l e s )  a n d  B r e d a  ( o p e n  
c i r c les ) .  P r e s e n c e  o f  e i t h e r  closed or o p e n  c i r c l e s  
i n d i c a t e s  t h a t  t h e  s t r a i n  c a u s e d  a s i g n i f i c a n t  i n c r e a s e  i n  
h e r b a g e  y i e l d  o v e r  n o  i n o c u l a t i o n :  a b s e n c e  i n d i c a t e s  n o  
s i g n i f i c a n t  r e s p o n s e .  
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Experiment 5.6: i n o c u l a t i o n  network t r i a l s  

Several exper iments t o  determine t h e  need t o  i n o c u l a t e  pas tu re  

and fo rage  legumes beyond n o r t h  S y r i a  were conducted w i t h  

c o l l a b o r a t o r s  i n  Jordan, Sy r ia ,  Turkey, Morocco, Tun is ia ,  I t a l y ,  

A u s t r a l i a ,  and Spain. Some used l o c a l  p l a n t s  and r h i z o b i a  as w e l l  

as t h e  m a t e r i a l  s u p p l i e d  by ICARDA. I n  a d d i t i o n  t o  e s t a b l i s h i n g  t h e  

need t o  i n o c u l a t e  t h e  o b j e c t i v e s  were t o  form c l o s e  l i n k s  w i t h  o the r  

i n s t i t u t i o n s ,  t o  a s s i s t  i n  sol  v ing o the r  l o c a l  problems regard ing  

i n o c u l a t i o n  and s t r a i  n l h o s t  s p e c i f i c i t i e s ,  and t o  eva l  ua te  some o f  

our se lec ted  s t r a i n s  under d i f f e r e n t  environmental  c o n d i t i o n s .  The 

exper iments a r e  a means o f  d i ssemina t ing  i n f o r m a t i o n  on how t o  

conduct research  on i n o c u l a t i o n ,  nodu la t i on ,  and re1 a t e d  t o p i c s .  We 

hope t o  expand t h e  i n o c u l a t i o n  network t r i a l s  i n  t h e  coming years :  

t h o s e  conducted d u r i n g  1986-87 a r e  l i s t e d  i n  Table 5.8. Note t h a t  

one experiment i nvol ved Hedysarum co ronar i  um and another  comnon 

vetch. These were i n c l u d e d  i n  response t o  s p e c i f i c  reques ts  f rom 

NARS. 

It i s  no t  p o s s i b l e  t o  present  t h e  r e s u l t s  i n  t h i s  Report .  

However, a l l  c o l l a b o r a t i o n s  have r e t u r n e d  r e s u l t s ,  which w i l l  be 

c o l l a t e d  and presented i n  f u t u r e  Reports.  - Luis A. Hateron 

Experiment 5.7: Mycorrh izae f o r  medics 

The o b j e c t i v e  o f  t h i s  experiment i s ,  t h rough  us ing mycorrhizae, 

t o  improve n u t r i e n t  uptake and n i t r o g e n  f i x a t i o n .  It i s  a 

c o l l a b o r a t i o n  w i t h  an advanced i n s t i t u t e  ( t h e  U n i v e r s i t y  o f  

Granada) , which w i l l  focus on deve lop ing techn iques t o  i n o c u l a t e  

s o i l  w i t h  mycorrhizae. 



Table 5.8. I n t e r n a t i o n a l  network f o r  i n o c u l a t i o n  o f  pas tu re  and 

fo rage  legumes.. 

Legume C o l l  a b o r a t i  ve 

t y p e  i n s t i t u t i o n  

Country Number *of 

s i t e s  

Medi c  

Medic 

Hedysarum 

Vetch 

Medic 

Medic 

Medic 

Medic 

Medic 

U n i v e r s i t y  o f  Jordan 

and SAGRIC I n t e r n a t i o n a l  

Uni v e r s i  t y  Mohamned Ben 

Abdal l  ah 

Range Management P r o j e c t  

M i n i s t r y  o f  A g r i c u l t u r e  

Uni v e r s i t y  of T i  schreen 

Uni v e r s i t y  o f  Cukurova 

CSIRO 

Uni v e r s i t y  o f  Perug ia  

E s t a c i o n  Exp. E l  Z a i d i n  

Jordan 4 

Morocco 4 

T u n i s i a  1 

S y r i a  1 

S y r i a  2 

Turkey 1 

A u s t r a l i a  (1 

I t a l y  l(1) 

Spain  1 

* 
F i e l d  t r i a l s  and ( i n  b racke ts )  number o f  greenhouse t r i a l s .  

I n  many semi -a r id  s o i l s  o f  west As ia  and n o r t h  A f r i c a ,  s c a r c i t y  

o f  a v a i l a b l e  phosphate i s  an impor tan t  f a c t o r  determin ing t h e  growth 

o f  legumes: an adequate phosphate supply  i s  necessary f o r  

s a t i s f a c t o r y  nodul a t i o n  and s y m b i o t i c  n i t r o g e n  f i x a t i o n .  Nodules 

o f t e n  c o n t a i n  2-3 t i m e s  more phosphorus per u n i t  o f  d r y  ma t te r  t h a n  

t h e  r o o t s  on which t h e y  a r e  formed: t h e  r a t e  o f  f i x a t i o n  per gram o f  

nodule can t h e r e f o r e  be i ncreased by f e r t i l i z e r  phosphorus. 

Var ious minor elements such as molybdenum, boron, z i n c ,  i r o n ,  copper 

and su lphur  a r e  a l s o  r e q u i r e d  f o r  s a t i s f a c t o r y  growth and n i t r o g e n  

f i x a t i o n .  



Mycorrhi  zae can g rea t1  y  improve phosphate and mi nor element 

uptake by making use o f  t h e  absorb ing c a p a c i t y  o f  t h e  ex tens ive  

network o f  e x t e r n a l  hyphae assoc ia ted  w i t h  t h e  i n f e c t e d  r o o t .  Th is  

network extends f o r  several  cen t ime te rs  f rom t h e  r o o t  su r face  and 

p rov ides  an e f f e c t i v e  uptake system f r o m  s o i l  beyond t h e  r o o t  ha i r s ,  

p a r t i c u l a r l y  f o r  i o n s  which d i f f u s e  s l o w l y  i n  t h e  s o i l  such as 

phosphate, z i n c  and mol ybdate. 

A research  team o f  t h e  U n i v e r s i t y  o f  Granada i s  coopera t ing  w i t h  

ICARDA i n  i s o l a t i n g  s u i t a b l e  s t r a i n s  o f  mycorrhizae f o r  M. r i g i d u l a ,  

M. r o t a t a  and 1. polymorpha and a r e  c u r r e n t l y  l o o k i n g  f o r  t h e  most - -  
produc t i ve  medic-fungus combi na t ion .  ICARDA's r o l e  w i l l  be t o  t e s t  

these  combinat ions i n  t h e  f i e l d .  The second phase w i l l  i n c l u d e  

eva l  u a t i n g  techn iques t o  i n f e c t  r o o t s  w i t h  se lec ted  mycorrh izae and 

r h i z o b i a .  

F i e l d  exper imen ta t ion  w i l l  be i n i t i a t e d  a t  an i n f e r t i l e  s i t e  a t  

Breda. - C o l l a b o r a t i v e  p r o j e c t  w i t h  t h e  U n i v e r s i t y  o f  Granada 

(Spain), L u i s  A. Materon 

Experimnt 5.8: i l p r o w ~ n t  o f  t h e  e n e r g e t i c  e f f i c i e n c y  

of  & c  r h i z o b i a  

I n  terms o f  i t s  energy requ i rement  b i o l o g i c a l  n i t r o g e n  f i x a t i o n  

i s  an expensive process f o r  t h e  legume. Hydrogen, which i s  a  

byproduct o f  n i t r o g e n  f i x a t i o n ,  i s  l o s t  as gas d i f f u s i n g  ou t  o f  t h e  

nodules. However, some r h i z o b i a  spec ies  (no t  R. m e l i l o t i )  have t h e  

c a p a c i t y  t o  r e c y c l e  hydrogen, t h u s  making n i t r o g e n  f i x a t i o n  process 

e n e r g e t i c a l l y  l e s s  demanding. 



Because it seems l i k e l y  t h a t  t h i s  capacity t o  recyc le  hydrogen 

i s  a desi rable c h a r a c t e r i s t i c  i n  an e f f i c i e n t  s t r a i n  o f  rh izob ia ,  

and because the  genes do not e x i s t  i n  medic rh izob ia ,  we have 

s ta r ted  a cooperat ive pro jec t  w i t h  t h e  Polytechnical Un i ve rs i t y  o f  

Madrid (Spain) i n  which the  requ i red  genes w i l l  be gene t i ca l l y  

engineered i n t o  ICARDA s t ra ins  M29 and M34. These s t ra ins  have been 

chosen because o f  t h e i r  proven compatabil i t y  w i t h  M. r i g i  dul a, 

ICARDA' s most promi s i  ng medic. 

The approach consists  o f  t r a n s f e r r i n g  t he  genes P Symhup 

(coding f o r  n i t rogen f i x a t i o n  and hydrogen uptake) loca ted  i n  a 

po r t i on  o f  a plasmid c a r r i e d  by R. leguminosarum s t r a i n  128C53 i n t o  

t he  genome o f  the  two ICARDA s t ra ins .  The plasmid has been marked 

by t he  transposon system (Tn5-mob) and t rans fe r red  by bac ter ia l  

conjugation i n t o  t h e  receptors ( s t r a i n s  M29 and M23). The s t ra ins  

so produced are c u r r e n t l y  being tes ted  f o r  genetic s t a b i l i t y  and t o  

determine whether t h e  a l t e ra t i ons  are due t o  t he  presence o f  t h e  

double genes coding f o r  n i t rogen f i x a t i o n  and hydrogen recycl ing.  

Once these parameters a re  def ined and the  organisms recommended f o r  

release, we w i l l  eval uate t h e i r  symbiot ic performance i n  associat ion 

w i t h  t h e  annual medics o f  i n t e r e s t  t o  ICARDA. 

ICARDA i s  aware t h a t  there  are reserva t ions  about t he  re lease o f  

genetical1 y-engineered micro-organi sms i n t o  the  environment. While 

rh i zob ia  are non-pathogenic and there fore  do not represent any r i s k  

whatsoever, ICARDA w i l l  respect t h e  views o f  organizat ions and 

countr ies and proceed w i t h  t h e  re1  ease o f  genetical ly-engi  neered 

s t r a i n s  only  when it i s  considered safe. - Collabaative project 

w i t h  t h e  Polytechnical  Un i ve rs i t y  o f  Madrid, Spain; Lu i s  A. Materon 
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Experiment 5.9: freeze-6ied oil -based inocul ants 

It has been demonstrated t h a t  i n o c u l a t i o n  o f  seeds w i t h  

e f f e c t i v e  r h i z o b i a  i s  e s s e n t i a l  i n  many s o i l s  o f  west As ia  and n o r t h  

A f r i c a .  However, s u r v i v a l  of r h i z o b i a  i s  o f t e n  impai red because o f  

mo is tu re  s t r e s s  a f t e r  sowing, e s p e c i a l l y  when sowing i s  shallow, 

necessary w i t h  smal l -seeded medics. To so lve t h i s  problem we a r e  

l o o k i n g  f o r  new systems o f  i n o c u l a t i o n  i n  which t h e  r h i z o b i a  w i l l  

have a b e t t e r  chance t o  w i ths tand  adverse environmental  cond i t i ons .  

A new approach i s  t o  r e c o n s t i t u t e  r h i z o b i a  f rom a f r e e z e - d r i e d  s t a t e  

and mix w i t h  minera l  o i l .  

Freeze-dr ied i n o c u l  a n t s  have t h e  advantage t h a t  t h e y  can be 

a p p l i e d  a t  h igher  r a t e s  ( c e l l s  per seed) than  peat based inocu lants .  

Th is  i s  espec ia l  1 y impor tant  f o r  small -seeded legumes and where 

popu la t ions  o f  i n e f f e c t i v e  n a t i v e  r h i z o b i a  a re  high. Recent ly ,  some 

researchers  have r e p o r t e d  t h a t  o i l -based  i n o c u l a n t s  extend t h e  

s u r v i v a l  o f  r h i z o b i a  i n  d r y  s o i l .  

Current work a t  t h e  Boyce Thompson I n s t i t u t e  (U.S.A.) i n c l  udes 

t h e  l y o p h i l i z a t i o n  o f  R. me1 il o t i  s t r a i n s  ICARDA M28 and M38, chosen 

because o f  t h e i r  e f f e c t i v e n e s s  w i t h  t h e  most promis ing medic f o r  

n o r t h  A f r i c a  (B. t r u n c a t u l a ) ,  and determi n a t i o n  o f  t h e i r  v i a b i l i t y  

a f t e r  f reeze-d ry ing  and r e c o n s t i t u t i n g  i n  suspended minera l  o i l .  

These s tud ies  a r e  being conducted i n  a s o p h i s t i c a t e d  model-system 

c o n d i t i o n  s imulator .  

A small amount o f  t h i s  m a t e r i a l  w i l l  be a v a i l a b l e  f o r  

i n o c u l a t i n g  medic i n  a small demonstrat ion t r i a l  a t  Tel Hadya next 

season. - C o l l a b o r a t i o n  p r o j e c t  w i t h  t h e  Boyce Thompson I n s t i t u t e ,  

U.S.A., L u i s  A. Materon 



W T E R  6: YIELD DECLINE I N  COWTIWUOUS CEREAL SYSTEMS 

Chapter 6 desc r ibes  a p r o j e c t ,  supported by t h e  German 

Government and conducted by a German post -graduate student,  which 

b r i n g s  t o g e t h e r  s c i e n t i s t s  f rom t h r e e  Programs: Cereals,  PFLP and 

FRMP. 

I n  t h e  i n c r e a s i n g l y  comon cont inuous cropp ing system t h e r e  i s  a 

d i s t i n c t  r e d u c t i o n  i n  p l a n t  growth and a l ower  g r a i n  y i e l d  o f  ce rea l  

a f t e r  cerea l  compared w i t h  cerea l  a f t e r  f a l l  ow. Th is  " d e c l i n e "  i s  

thought  t o  have many causes, i n c l u d i n g  r e d u c t i o n  o f  a v a i l a b l e  p l a n t  

n u t r i e n t s ,  l o s s  o f  s o i l  f e r t i l i t y  and s t r u c t u r e ,  d iseases and i n s e c t  

pes ts  o f  t h e  r o o t s  and stem bases, i n h i b i t i o n  o f  t h e  g rowth  o f  

cerea l  s by p h y t o t o x i  ns a r i s i n g  f rom cerea l  r e s i d u e s  ( a l l  e l  opathy) ,  

poor water-use due t o  changes i n  s o i l  s t r u c t u r e ,  and t h e  b u i l d  up o f  

cerea l  weed popula t ions.  

The o b j e c t i v e  o f  t h e  present  p r o j e c t  i s  t o  understand t h e  causes 

o f  t h e  decl  i ne under r a i  n fed  c o n d i t i o n s .  Four r o t a t i o n  exper iments  

( o f  which two  were used i n  1986/87) were a v a i l a b l e  t o  s tudy  t h e  

d e c l i n e  i n  t h e  f i e l d ,  and a d d i t i o n a l  exper iments were s e t  up under 

a r t i f i c i a l  c o n d i t i o n s .  

Stud ies  such as t h i s  a r e  b a s i c  t o  deve lop ing i n t e g r a t e d  

cerea l  /1 i vestock farming systems. As d iscussed e l  sewhere (Chapter 

2)  cerea l  y i e l d s  i n  r o t a t i o n  w i t h  pas tu re  and forages a r e  o f t e n ,  bu t  

not  always, equal t o  cerea l  a f t e r  f a l l o w .  Where t h e y  a r e  no t ,  and 

Tel Hadya i s  an example, we need t o  develop an unders tand ing o f  why 

t h i s  i s  so, t o  enable us t o  maximise r e t u r n s  f rom pas tu res  and 

forages. The work r e p o r t e d  i n  Chapter 6 i s  an a t tempt  t o  do t h i s :  

O f  t h e  p o s s i b l e  causes o f  d e c l i n e  i n  y i e l d ,  t h e  work t h i s  year  

was concent ra ted on n i t r o g e n  supply, p l a n t  d e n s i t y ,  s o i l  

microorganisms and c r o p  res idues .  



Experiment 6.1: m n i t a i n g  b a r l e y  and wheat i n  r o t a t i o n  

exper iments  (Preschedule M32 and M33) 

I n v e s t i g a t i o n s  were cont inued on two o f  t h e  f o u r  exper iments 

r e p o r t e d  i n  t h e  1985/86 Program Report  (Experiments A and C i n  

1985/86). I n  exper iment A,  which began a t  Breda i n  1981, cont inuous 

b a r l e y  i s  compared w i t h  b a r l e y l f a l l  ow and b a r l e y l v e t c h ,  and i n  

experiment C, which began a t  Tel Hadya i n  1983, cont inuous durum 

wheat i s  compared w i t h  s i x  o ther  r o t a t i o n s ,  i n c l u d i n g  w h e a t l f a l l  ow 

and wheatlmedic. Both exper iments con ta i  n  t rea tmen ts  comparing 

a d d i t i o n a l  n i t r o g e n  w i t h  no n i t rogen .  The r e s u l t s  i n  t h i s  s e c t i o n  

p e r t a i n  o n l y  t o  t h e  i n v e s t i g a t i o n  o f  cont inuous ce rea l  y i e l d  

dec l i ne .  Both exper iments a r e  under t h e  s u p e r v i s i o n  o f  FRMP. 

B a r l e y  y i e l d  (Experiment A )  

The o b j e c t i v e  o f  t h e  work i n  t h i s  s e c t i o n  was t o  s tudy t h e  

components o f  y i e l d  i n  t h e  t h r e e  r o t a t i o n s  under study. 

2  
Low p l a n t  and sp ike  d e n s i t y  ( t h e  number per m ) were not  

impor tan t  f a c t o r s  causing 1  ow b a r l e y  y i e l d s  i n  1986187, a  r e s u l t  

which agrees w i t h  observa t ions  i n  t h e  year  before .  However, 

d i f f e r e n c e s  i n  p l a n t  he igh t ,  s p i k e  l e n g t h ,  p l a n t  s i ze ,  and t h e  

number o f  k e r n e l s  per head were marked (P< 0.05), even g r e a t e r  t h a n  

i n  t h e  prev ious season, b a r l e y  a f t e r  b a r l e y  g i v i n g  lower  values t h a n  

a f t e r  f a l l o w  o r  common ve tch  (Tab le  6 . 1 ) .  

The r e d u c t i o n  i n  growth o f  u n f e r t i l i z e d  cont inuous b a r l e y  

s t a r t e d  t o  be measureable a t  t h e  t i l l e r i n g  s tage (March 1987),  and 
N 

even e a r l i e r  (February 1987) i n  f e r t i l i z e d  b a r l e y  (20 kg , 60 kg 

P20 ). The r e l a t i o n s h i p  between p l a n t  he igh t  and sp ike  l e n g t h  ( F i g  

6.15 i n  cont inuous b a r l e y  d i f f e r e d  f rom t h a t  i n  b a r l e y l v e t c h  and 



Table  6.1. Morpholog ica l  and y i e l d  c h a r a c t e r i s t i c s  o f  b a r l e y  

(cv. Beecher) grown i n  t h r e e  r o t a t i o n s  a t  Breda. 

R o t a t i o n  P l a n t  Spike P l a n t  mass Kernel  s  per 

h e i g h t  (cm) 1  ength(cm) (9 head 

B a r l e y l b a r l e y  31.2 3.12 51.3 13.7 

B a r l e y / f a l l o w  37.7 3.72 84.3 18.9 

B a r l e y l v e t c h  38.3 3.71 87.6 20.8 

L.S.D. 5.8 0.60 14.9 3.0 

b a r l e y l f a l l o w  r o t a t i o n s .  The r e l a t i v e  i nc rease  o f  s p i k e  l e n g t h  w i t h  

i nc reased  p l a n t  h e i g h t  was 1  ower i n  cont inuous b a r l e y  compared w i t h  

b a r l e y  i n  t h e  o the r  r o t a t i o n s  ( P <  0.05). 

P l a n t  he igh t  (cm) 

Fig. 6.1. L inear  r e g e s s i o n  o f  sp i ke  l e n g t h  on p l a n t  h e i g h t  i n  b a r l e y  
a f t e r  b a r l e y  (BIB), b a r l e y  a f t e r  vetch (BIV) and b a r l e y  
a f t e r  f a l l o w ,  a t  Breda 1987. 



Yheat y i e l d  (Experiment C)  

The o b j e c t i v e  o f  t h i s  aspect o f  t h e  work was t o  determine how 

f a r  t h e  d e c l i n e  i n  wheat y i e l d  i s  r e l a t e d  t o  n i t r o g e n  supply  when 

phosphate i s  not  a l i m i t i n g  f a c t o r .  

A comparison o f  t h e  growth o f  wheat (durum wheat cv. Sham 1 )  

a f t e r  wheat (W/W) w i t h  wheat a f t e r  f a l l o w  (W/F) or medic pas tu re  

(W/M) showed t h a t  adding 90 kg per ha n i t r o g e n  produced a l a r g e  

compensatary e f f e c t ,  over a wide a range o f  cha rac te rs  (Tab le  6.2), 

Table 6.2. E f f e c t  o f  us ing  n i t r o g e n  f e r t i l i z e r  i n  wheat/wheat 

(W/W), wheat f a l l o w  (W/F) and wheat/rnedic (W/M) r o t a t i o n s  on t h e  

agronomic charac te rs  o f  durum wheat (cv. Sham 1) a t  Tel Hadya. 

The data i s  expressed i n  r e l a t i v e  terms where W/F = 100. 

~~~ 

Character N i t r o g e n  W / W  W/F W/M L.S.O. 

(kg)  

Dry mass 

on 18 Mar. 

P l a n t  he igh t  

on 22 May 

P l a n t  number 

on 22 A p r i l  

T i  11 e r  number 

Seeds per head 

1000 g r a i n  mass 

G r a i n  y i e l d  



m s t  i n t e r a c t i o n s  be ing  s i g n i f i c a n t .  Resu l t s  f o r  s p i k e  l e n g t h  (P< 

0.05) and t h e  l e n g t h  o f  t h e  l e a f  immedia te ly  below t h e  f l a g  l e a f  (P< 

0.001) a r e  i l l u s t r a t e d  i n  F i g s  6.2 and 6.3 r e s p e c t i v e l y .  The r a t i o  

of l e n g t h  and w i d t h  was s i g n i f i c a n t l y  h igher  i n  cont inuous wheat 

( F i g  6.3). Th is  shows t h a t  a  nar rowing o f  t h e  l e a f  i s  a  symptom o f  

t h e  cont inuous c ropp ing  syndrome i n  wheat, c o n f i r m i n g  r e s u l t s  

r e p o r t e d  l a s t  year .  

These r e s u l t s  i n d i c a t e  t h e  i nvol vement o f  n i t r o g e n  supply.  

0 90 

Ni t rogen (kg per ha) 

Fig. 6.2. Sp ike  l e n g t h  a t  two r a t e s  o f  n i t r o g e n  (0  and 90 kg per ha) 
i n  t h r e e  r o t a t i o n s  a t  Tel Hadya: wheat a f t e r  f a l l o w  (W/F), 
wheat a f t e r  medic (W/M), and wheat a f t e r  wheat (W/W). 

Crop establ i sbent  (Experiment C) 

I t  was shown i n  1985/86 t h a t  t h e r e  was a reduced emergence i n  

cont inuous wheat compared w i t h  t h e  o t h e r  r o t a t i o n s .  It i s  impor tan t  

t o  s tudy  t h e  whole process f rom g e r m i n a t i o n  t o  emergence, and t o  

d i scover  whether g e r m i n a t i o n  occurs  even though t h e  seed1 i n g s  f a i l  



~ditroyen (kg p e r  ha)  

Fig. 6.3. (a)  L e a f  l e n g t h  and ( b )  length /w;dth  r a t i o  o f  t h e  l a s t  
l e a f  be1 ow t h e  f l a g  l e a f  f o r  t h r e e  r o t a t i o n s  a t  Tel Hadya: 
wheat a f t e r  medic ( W / M ) ,  wheat a f t e r  f a l l o w  (W/F) and 
wheat a f t e r  wheat (WIN). 

t o  emerge above t h e  s o i l  surface. Another aspect o f  c rop 

estab l ishment  i s  t h e  change i n  seedl ing dens i t y :  s t u d i e s  o f  seed l i ng  

popu la t i ons  have a1 so been conducted. 

A "handsowi ng exper iment"  was e s t a b l  i shed w i t h i n  t h e  durum wheat 

r o t a t i o n  exper iment,  i n  which 100 seeds were sown i n  5 rows t o  a 

depth  o f  8 cm p r e c i s e l y .  I t s  o b j e c t i v e  was t o  moni tor  es tab l ishment  

and growth f rom a known number o f  seeds sown i n  t h e  same c o n d i t i o n s  

i n  t h e  t h r e e  r o t a t i o n s  under study. About one month a f t e r  sowing, 

samples of emerged seedl ings and un-germinated seed were taken. It 

was found t h a t  t h e r e  were more ungerminated seeds and more unemerged 

seed l ings  i n  W / W  t h a n  i n  W/F o r  W/M. From t h e i r  general  appearance 

i t  c o u l d  be e a s i l y  seen t h a t  t h e  whole p l a n t  development was slower 

a t  a l l  s tages o f  growth. Changes i n  p l a n t  d e n s i t y  a r e  shown i n  F i g  

6.4: f rom t h e  beg inn ing t o  t h e  end o f  t h e  season t h e  p o p u l a t i o n  

d e n s i t y  f o r  cont inuous wheat was 1 ower. 



2t3 Oec 13 Jan 13 dar 

d a t e  

Fig. 6.4. Plant number, a f t e r  sowing 100 seeds, present a t  s i x  t imes 
i n  th ree  r o t a t i o n s  a t  Tel Hadya: wheat a f t e r  f a l l o w  (W/F), 
wheat a f t e r  medic (W/M) and wheat a f t e r  wheat (W/W). The 
bars represent L.S.D. (P< 0.05) a t  each sampling time. 

Plant  pathology (Experiments A and C) 

Inves t iga t ion  o f  t h e  possib le r o l e  o f  " f oo t "  and " roo t "  diseases 

i n  causing the  dec l ine  were continued from l a s t  year. This year 

fungal diseases appeared a t  a low (wheat) t o  moderate (bar ley)  

sever i ty ,  but there  were no s i g n i f i c a n t  d i f ferences i n  r o o t  browning 

between crops i n  t h e  various ro ta t ions .  

A new f i nd ing  i s  t h a t  a v i o l e t  coloured organism can o f t en  be 

i s o l a t e d  from ungerminated and germinated seeds i n  continuous wheat 

r o t a t i o n s  (Experiment C). The organism was f i r s t  sampled i n  January 

1987, and i n  February was a1 so found on the  roo ts  and hypocotyl o f  

wheat growing i n  a l l  ro ta t ions ,  but most f requent ly  i n  W/W. When 

germination o f  wheat was tes ted  on p la tes  inoculated w i t h  t h i s  

organism germination was i n h i b i t e d  and there  were pathogenic e f f e c t s  

on the  seedlings. Root growth was a lso  almost completely i nh ib i t ed ,  



and shoot growth was reduced (P< 0.05) i n  b o t h  b a r l e y  and durum 

wheat. It i s  t h e r e f o r e  p o s s i b l e  t h a t  presence o f  t h i s  organism i s  a 

p r e v i o u s l y  unknown f a c t o r  causing reduced growth and l o w  seed l ing  

emergence i n  cont inuous wheat systems. 

I n  t h e  exper iment w i t h  b a r l e y  (Experiment A) t h e  b a r l e y  s t r i p e  

disease, caused by Pyrenophora grami nea , o f t e n  occured, b u t  d i d  no t  

appear t o  be a f f e c t i n g  t h e  lower stem o f  t h e  p lan ts .  

Soil nri crobiol ogy (Experiment C) 

Work has been con t inued  t o  compare t h e  t o t a l  m i c r o b i a l  a c t i v i t y  

i n  s o i l  o f  t h e  W/W,  W/M, and W/F r o t a t i o n s  and t o  f i n d  whether 

c e r t a i n  organi  sms have a r o l e  i n  produc ing d i f f e r e n c e s  between 

cont inuous wheat and wheat a f t e r  f a l l  ow. Colonies o f  b a c t e r i a ,  

act inomycetes,  and f u n g i  were counted i n  s o i l  d i l u t i o n  p l a t e s ,  t h e r e  

were t h r e e  sampling dates f o r  durum wheat, and s o i l  was sampled a t  

5-7 cm and 25-27 cm depths. Only t o t a l  p o p u l a t i o n  s i z e  has been 

analysed t o  date .  Impor tan t  r e s u l t s  a r e  summarised i n  Tab le  6.3. 

There were fewer b a c t e r i a  i n  W / W  t h a n  i n  W/F o r  W/M s o i l  a t  b o t h  

5 cm (P< 0.10) and 25 cm (P< 0.05) depths, and fewer act inomycetes 

i n  W/W samples t a k e n  a t  5 cm (P< 0.05), bu t  no t  a t  25 cm. There was 

a s i g n i f i c a n t  i nc rease  i n  t h e  r a t i o  o f  t h e  number o f  ac t inomycetes 

t o  t h e  number o f  b a c t e r i a  i n  s o i l  down t o  5 cm i n  W/F compared w i t h  

W/M and W/W. The h ighes t  b a c t e r i a l  count ( t o  5 cm) occured i n  W/M, 

p robab ly  due t o  a h igher  amount o f  o r g a n i c  mat ter .  A p o s s i b l e  

conc lus ion  i s  t h a t  y i e l d  d e c l i n e  i n  cont inuous wheat i s  due t o  

reduced m i c r o b i a l  a c t i v i t y  causing a l ower  r a t e  o f  r e l e a s e  o f  

a v a i l a b l e  n i t r o g e n  f o r  t h e  p lants .  Th is  i s  d e s p i t e  t h e  s o i l  having 

t h e  same amount o f  o rgan ic  mat ter  i n  W / W  and W/F (measured a t  t h e  

same t ime) .  



(1 )  Table 6.3. Number o f  i n d i v i d u a l s  ( m i l l  i o n s  per g s o i l  ) o f  

b a c t e r i a  and act inomycetes a t  two  depths i n  t h r e e  r o t a t i o n s  i n  

February. 

R o t a t i o n  Depth(cm) B a c t e r i a  Act i nomycetes Ac/Ba 

5 a(2)  a a 
Wheat /Wheat 42.1 5.6 0.13 

5 
a b b 

Wheat/Fall ow 57.7 10.3 0.18 

5 
b b a 

Wheat/Medi cs 75.3 9.6 0.13 

(1) 
Based on s e r i a l  d i l u t i o n  counts  assuming t h a t  one i n d i v i d u a l  

(2  
c e l l  produces one co lony i n  a p l a t e  t e s t .  

I n  any group o f  t h r e e ,  numbers w i t h  d i f f e r e n t  s u p e r s c r i p t s  

d i f f e r  s i g n i f i c a n t l y  (P< 0.05). 

Crop residues 

Cereal growth i n  patches o f  undecomposed s t raw r e s i d u e s  o f t e n  

appear t o  be poorer  t h a n  i n  sur rounding areas. Therefore,  t o  t e s t  

whether cerea l  r e s i d u e s  a r e  t o x i c  t o  cerea l  seed1 i ngs, a green house 

exper iment on t h e  e f f e c t  o f  r e s i d u e s  o r  o f  r e s i d u e  e x t r a c t s  was 

conducted. The f o l l o w i n g  hypo thes is  was t e s t e d :  du r ing  

decomposi t ion t o x i n s  a r e  r e l e a s e d  which i n h i b i t  r o o t  development , o r  

i n h i  b i t  c e r t a i n  microbes e s s e n t i a l  t o  we l l -be ing  o f  t h e  p l a n t .  

The experiment had 12 t r e a t m e n t s  and 6 r e p l i c a t e s  i n  a 

randomized complete b lock  design. 



The t reatments  were: 

1. R o t a t i o n s  ( 2 ) :  s o i l  f rom t h e  wheatlwheat (WIW) and 

w h e a t l f a l l  ow (WIF) t rea tmen ts  o f  Experiment C 

2. Residues ( 3 ) :  + cerea l  res idues ,  + an e x t r a c t  f rom cerea l  

res idues  (watered i n  d a i l y ) ;  and a  c o n t r o l  w i t h  no 

res idues  o r  e x t r a c t  

3. S t e r i l i s a t i o n  (2 ) :  autoc laved and no t  autoc laved s o i l  

P l a n t  es tab l ishment :  Seedl ings i n  W / W  emerged slower t h a n  i n  W/F 

(P< 0.005) as a l s o  occurs  i n  t h e  f i e l d .  The r e s i d u e  e x t r a c t  had a  

p o s i t i v e  e f f e c t  on y i e l d  i n  u n s t e r i l i z e d  s o i l ,  and one t h a t  was 

g r e a t e r  i n  W / W  s o i l  t h a n  i n  W/F s o i l  ( F i g  6.5). However i n  

s t e r i l i z e d  s o i l  t h e  e f f e c t  o f  adding t h e  e x t r a c t  on y i e l d  was 

reversed:  y i e l d s  were lower ,  bu t  t h e  nega t i ve  e f f e c t  was g r e a t e r  i n  

W / W  t h a n  i n  W/F, as t h e  p o s i t i v e  e f f e c t  was i n  u n s t e r i l i z e d  s o i l  

( F i g  6.5). I n  W / W  t h i s  i n t e r a c t i o n  was h i g h l y  s i g n i f i c a n t  (P<  

0.005) bu t  i t was no t  so i n  W/F. It i s  p o s s i b l e  t h a t  t h e  h i g h  

content  o f  n u t r i e n t s  i n  t h e  e x t r a c t  caused t h e  p o s i t i v e  e f f e c t  i n  

u n s t e r i l i z e d  s o i l  w h i l e  i n  s t e r i l i z e d  s o i l  t h e r e  were d e l e t e r i o u s  

products  o f  s t e r i l  i sa t ion ,  and fewer microorganisms t o  i n a c t i v a t e  

t o x i n s  which c o u l d  be r e s p o n s i b l e  f o r  t h e  adverse e f f e c t s  on 

germinat ion.  

Without i n c o r p o r a t i n g  s t raw and r o o t  r e s i d u e s  i n t o  t h e  s o i l  t h e  

c o l e o p t i l e  l e n g t h  o f  seed l ings were sma l le r  i n  W / W  t h a n  i n  W/F ( F i g  

6.6). Adding t h e  res idues  e l i m i n a t e d  t h i s  d i f f e r e n c e .  The a d d i t i o n  

o f  s t raw and r o o t  res idues  cou ld  have improved s o i l  s t r u c t u r e  i n  

W/W,  o r  absorbed t o x i n s .  The microorgan ism p o p u l a t i o n  may a1 so have 

been a f f e c t e d  by t o x i n s  produced i n  p rev ious  seasons. 

Chlorophyll content: Leaves o f  some p l a n t s  i n  t h e  c r o p  r e s i d u e  

exper iments appeared b r i g h t e r  t h a n  o f  o thers .  P l a n t s  were harvested 

a t  4.5 weeks and f r o m  a  s tandard l e a f  area c h l o r o p h y l l  was e x t r a c t e d  

by d imethy l  su l  f ox ide ,  and 1  i g h t  a b s o r p t i o n  i n  t h e  e x t r a c t  measured 



Control Extract Control Extract 

Fig. 6.5. Effect of a cereal residue ex t r ac t  on wheat emergence 
eight  days a f t e r  sowing i n  s t e r i l  ized and un-ster i l  ized 
so i l  of two ro ta t ions :  ( a )  wheat a f t e r  wheat and (b)  wheat 
a f t e r  f a l l  ow. 

Fig. 6.6. Effect of cereal residues on t h e  seedling s i z e  of wheat 
eight  days a f t e r  sowing i n  s o i l s  of two ro ta t ions :  wheat 
a f t e r  fallow (W/F), and wheat a f t e r  wheat ( W / W ) .  



E x t r a c t  e f f e c t  

I 
Residue e f f e c t  

Cancral P lus  e x t r a c t  Contro l  p l u s  res idues  

Fig. 6.7. E f f e c t  o f  cerea l  r e s i d u e s  o r  t h e i r  e x t r a c t s  on t h e  
c h l o r o p h y l l  content  o f  wheat leaves growing ;n s o i l  f rom 
two  r o t a t i o n s :  wheat a f t e r  f a l l o w  (W/F), and wheat a f t e r  
wheat (W/W). 

a t  645 and 663 nm i n  a  spectrophotometer.  Resu l t s  f o r  c h l o r o p h y l l  a  
2 

+ b  were measured i n  ug per cm . I n  W/F t h e r e  was seven t imes  more 

c h l o r o p h y l l  t h a n  i n  W / W  (P< 0.001) ( F i g  6.7). By adding a  r e s i d u e  

e x t r a c t  t o  t h e  s o i l  t h e  amount o f  c h l o r o p h y l l  s i g n i f i c a n t l y  

increased (P<0.05) i n  W / W ,  bu t  remained t h e  same i n  W/F. These 

f i n d i n g s  a r e  aga in  most e a s i l y  exp la ined  by t h e  r e l e a s e  o f  n u t r i e n t s  

i n  t h e  e x t r a c t ,  which s t i m u l a t e d  wheat growth i n  t h e  n u t r i e n t - p o o r  

W / W  s o i l ,  but  no t  i n  t h e  more f e r t i l e  s o i l  a f t e r  f a l l o w .  

By i n c o r p o r a t i n g  n a t u r a l  res idues  i n t o  s t e r i l  i s e d  s o i l  t h e  t o x i  n  

e f f e c t  increased i n  W / W  s o i l ,  bu t  not  i n  W/F. Th is  i n t e r a c t i o n  i s  

c l o s e  t o  t h e  s i g n i f i c a n c e  l e v e l  (PC 0.06). I f  t h i s  i s  c o r r e c t  i t 

c o u l d  i n d i c a t e  t h a t  t h e  t o x i c  e f f e c t  i s  s t ronger  i n  W/W,  because 

t h e r e  was a  g r e a t e r  q u a n t i t y  o f  cerea l  r e s i d u e s  present  and t h e r e  

c o u l d  be no a m e l i o r a t i o n  o f  t h e  t o x i c i t y  by  t h e  m i c r o b i a l  

popula t ion.  - S. Krause, H. We l t z ien  ( U n i v e r s i t y  o f  Bonn), 0. Mamluk 

(Cereal Program) and P.S. Cocks 



230 

CHAPTER 7: ECOLOGY AND AGRONOMY OF PASTURES 

Pastures a r e  complex m i x t u r e s  o f  species,  based, i n  our 

research,  on legumes. I n  n a t i v e  pastures,  species d i v e r s i t y  i s  

imnense (see Table 2.1), but  even i n  sown pastures t h e r e  i s  a 

m i x t u r e  o f  t h e  sown and va r ious  vo lun tee r  species, a l l  o f  which 

p rov ide  feed  f o r  g r a z i n g  animal s. The animal s themsel ves i n t e r a c t  

w i t h  t h e  p l a n t  popu la t i on ,  g r a z i n g  f a v o u r i n g  some species a t  t h e  

expense o f  o thers .  The s tudy o f  t h e  i n t e r - r e l a t i o n s h i p s  between 

species,  c l i m a t e ,  s o i l ,  and g r a z i n g  an imals  i s  c a l l e d  pas tu re  

ecology, and i s  e s s e n t i a l  t o  develop our  unders tand ing o f  

pasture-  based fa rm i  ng systems. 

The te rm pas tu re  agronomy i s  l i m i t e d  t o  problems assoc ia ted  w i t h  

t h e  sowing and management o f  pastures i n  t h e  f i r s t  year  o f  

es tab l ishment .  I n  Chapter 7 b o t h  eco logy and agronomy a r e  d iscussed 

toge the r .  The Chapter i n c l u d e s  r e s u l t s  o f  research  on b o t h  sown and 

n a t i v e  pastures.  

Exper iment 7.1: e s t a b l i s h i e n t  of  medic pas tu res  

(Preschedul e M30) 

The o b j e c t i v e  o f  experiment 7.1 was, th rough  t h e  use o f  severa l  

cu r ren t1  y a v a i l a b l e  seeding machines, t o  compare t h e  emergence and 

estab l ishment  o f  medic seed1 i ngs sown a t  a wide range o f  depths. 

The f i r s t  y e a r  o f  a medic pas tu re  i s  c r i t i c a l .  Once i t  i s  

successful1 y e s t a b l i s h e d  t h e  pas tu re  should  be capable o f  

sel  f - r e g e n e r a t i  on i n d e f i n i t e l y .  S h a l l  ow sowing has been used 

s u c c e s s f u l l y  by ICARDA f o r  a number o f  years .  However, d i f f e r e n t  



methods and implements have been used and t h e  d i s t r i b u t i o n  o f  seed 

i n  t h e  s o i l  was no t  determined, a l though  year  t o  yea r  v a r i a t i o n  i n  

seed l ing  d e n s i t y  was observed. For y e a r s  when t h e r e  i s  reduced 

estab l ishment ,  d e t a i l e d  i n f o r m a t i o n  i s  needed on which component o f  

t h e  seed p o p u l a t i o n  has f a i l e d .  

A p r e l i m i n a r y  study, r e p o r t e d  l a s t  year  (1986 Annual Repor t ) ,  

showed t h a t  ge rm ina t ion  improved w i t h  i n c r e a s i n g  depth  f rom t h e  

su r face  t o  a depth  o f  3.5 cm. More comprehensive exper iments were 

conducted i n  1987. 

Nmi ml sowing depths 

Many t ypes  o f  sowing methods were used i n  exper iment 7.1. Seed 

was broadcast,  p r e c i s i o n  sown a t  2, 4, 6, 8 and 10 cm, and sown 

deeper by i n c o r p o r a t i n g  seed (which had been broadcast )  by 

c u l t i v a t i o n  w i t h  a ducksfoot  c u l t i v a t o r  a t  i t s  maximum work ing depth  

o f  about 20cm. 

On t h e  f i r s t  sowing da te  (21 October 1986). 24 estab l ishment  

methods (Tab le  7.1) were compared, 16 o f  these being compared aga in  

i n  a l a t e r  s e r i e s  o f  sowings (11  December). The f i r s t  date  

encountered t h e  hazard o f  a 6-week drought; emergence v a r i e d  between 

16 and 83% among t reatments ,  t h e  mean va lue be ing 53%. The second 

sowing date  produced a mean emergence r a t e  o f  5146, va ry ing  f rom 22 

t o  77% among t reatments .  

A l l  methods produced a medic stand, f o r  which seed l ing  number, 

herbage y i e l d ,  and seed y i e l d  were measured. There were no t o t a l  

f a i l  ures, stands va ry ing  f rom e x c e l l e n t  t o  moderate o r  poor. 

I n  t h e  f i r s t  sowings, t h e  r e s u l t s  were e x c e l l e n t  a t  nominal 

depths o f  f rom 0 t o  6 cm, w i t h  a conspicuous r e d u c t i o n  i n  y i e l d  a t  

10cm. For t h e  second sowing, t h e  r e s u l t s  were good f o r  nominal 



depths from 2 t o  lOcm, w i t h  a reduct ion i n  y i e l d  when seeds were 

broadcast. 

The best sowing depth was 4cm ( f o r  both sowing dates). 

Table 7.1. A l i s t  o f  sowing methods used i n  experiment 7.1. 

Code - SOWING 

0 D r i l l e d ,  Normal Oyjord 

D r i l l e d ,  Special Oyjord 

02 Depth 2 cm 

04 4 cm 

06 6 cm 

08 8 cm 

010 10 cm 

B Broadcast 

COVERING 

N N i l  

R Rol l  i ng 

T Tabban 

H Spi ke- toot  hed harrow (5 cm) 

D Ducksfoot cul ti vator (10cm) 

Rake Use o f  a rake 

SPECIAL EFFECTS 

I Inoculated w i t h  rh i zob ia  

Rock Sown on shallow s o i l  over rock 

Table 7.1. continues on the  next page. 



Table 7.1. Continued. 

TREATMENT COMBINATIONS (PLOT TYPES) 

AND ACTUAL DEPTH OF SOWING 

TREATMENT DEPTH TREATMENT DEPTH 

ON 

OR 

OT* 

OH* 

OD* 
ODT 

02 

04 

06 

08 

010 * 
B. Rake 

I n t e r m e d i a t e  

I n t e r m e d i a t e  

I n t e r m e d i a t e  

Deep 

Deep 

Deep 

I n t e r m e d i a t e  

I n t e r m e d i a t e  

Deep 

Deep 

Deep 

Shal low 

- 
BN 

BR 

BT 

BH 

BD 

BDT 

BI 

02 I 

04 I 

06 I 

081 * 
B. Rock 

Shal low 

S h a l l  ow 

Sha l l  ow 

Deep 

Deep 

Deep 

S h a l l  ow 

In te rmed ia te  

In te rmed ia te  

Deep 

Deep 

S h a l l  ow 

* 
Treatments marked a r e  no t  s e n s i b l e  p r a c t i c a l  methods, b u t  t h e y  

were i n c l u d e d  i n  t h e  des ign as e x t r a s  o r  t o  g i v e  a l l  combinat ions 

necessary f o r  i n t e r p r e t a t i o n  o f  r e s u l t s  i f  something unexpected 

happened. For example, i f  t h e r e  were a  de lay  (due t o  breakdowns o r  

weather)  between sowing and cover ing,  i t  might  be d i f f i c u l t  t o  

determine t h e  reason f o r  d i f f e r e n c e s  between t rea tmen ts  ON and BH: 

es tab l ishment  would be a f f e c t e d  not  on1 y  by t h e  deeper p o s i t i o n  i n  

BH t h a n  i n  ON, bu t  a l s o  by t h e  imnedia te  p r o t e c t i o n  a t  sowing 

a f f o r d e d  by ON i n  c o n t r a s t  t o  BH. The r e l a t i v e  performance o f  t h e  

t rea tmen ts  c o u l d  vary w i t h  t h e  weather pa t te rn .  Thus t h e  i n c l u s i o n  

o f  t h e  e x t r a  t rea tmen ts  OH and BN was cons idered des i rab le .  



Excavat ion o f  seeds 

Observat ions on t h e  recovery  o f  seed a f t e r  sowing were made f o r  

t h e  e a r l y  sowing date. They showed t h a t  a h i g h  p o p u l a t i o n  o f  seeds 

went deeper t h a n  t h e  nominal sowing depth, due probably  t o  f a l l i n g  

down cracks,  and some seeds were nearer t o  t h e  su r face  t h a n  

expected, presumably due t o  t h e  s o i l  s e t t l i n g  and compacting. The 
2 

sowing r a t e  o f  30 kg per ha gave an expected 530 seeds per m . 
Excavat ion o f  s o i l  was made o n l y  f rom t h e  most l i k e l y  depths ( t o  

reduce l a b o u r  cos ts ) .  Never the less t h i s  r e s u l t e d  i n  a h i g h  r a t e  o f  

recovery ,  a mean o f  440 seeds (83% o f  seed sown) per quadrat  being 

found (mean f o r  a l l  t rea tmen ts ) .  

They were d i s t r i b u t e d  a t  depths f rom 1 t o  21 cm ( t h e  lowes t  

sampling depth) .  

Actua l  sowing depths 

A l though many i n t e r e s t i n g  comparisons may be made o f  t h e  24 

methods, i t  i s  more use fu l  t o  r e l a t e  t h e  ac tua l  sowing depths 

ach ieved t o  subsequent es tab l  i shment and pas tu re  p r o d u c t i v i t y .  

Nominal sowing depths, even where " p r e c i s i o n "  sowing was employed, 

a r e  l e s s  use fu l  t h a n  a c t u a l  depths, determined d i r e c t l y .  

Using t h e  r e s u l t s  o f  t h e  seed excava t ion  s t u d i e s  ( s i n c e  most o f  

t h e  seed sown was recovered) ,  t h e  t rea tmen ts  c o u l d  be c l a s s i f i e d  i n  

t h r e e  ca tegor ies :  

Shal low: 1-3cm, w i t h i n  which 78% o f  seed was recovered. 

In te rmed ia te :  4 t o  7cm (74% o f  seed). 

Deep: 6 t o  l l c m  (86% o f  seed). 

The c l a s s i f i c a t i o n  o f  sowing methods i s  g i v e n  i n  Table 7.1. 

Table 7.2 summarizes t h e  r e s u l t s  f o r  t h e  t h r e e  depths, and shows 

t h a t  t h e  i n t e r m e d i a t e  category  was s u p e r i o r  t o  t h e  o the r  t w o  under 

t h e  p r e v a i l i n g  weather cond i t i ons .  



Table 7.2: Twenty f o u r  methods o f  sowing medic ( termed 

" t rea tmen ts " )  i n v o l v i n g  d i f f e r e n t  machines, nominal depths and 

ways o f  cove r ing  t h e  seed, have been c l a s s i f i e d  accord ing t o  t h e  

a c t u a l  seed depth  achieved. The i n f l u e n c e  o f  ac tua l  depth  on 

seed l ing  emergence and pasture  y i e l d  i s  g! ven f o r  sowing on 21 

October. S i x t e e n  t rea tmen ts  were t e s t e d  aga in  on 11 December. 

E a r l y  Sowing Date (21 October)  

Depth Number of Seed1 i ng Dry-Mat ter  Y i e l d  Pod Y i e l d  

Treatments Emergence ( k g / h a l  ( k g l h a )  

0 

S h a l l  ow 6 50 4429 1793 

In te rmed ia te  7 63 4072 1564 

D e e ~  11 4 5 3261 1473 

L a t e  Sowing Date (11 December) 

S h a l l  ow 3 37 1983 * 
In te rmed i  a t e  7 58 2634 * 
Deep 6 50 2300 * 

* data not  y e t  a v a i l a b l e .  

Seed germination 

The average number o f  seed l i ngs  which emerged was 300 per m 
2 

(57% o f  t o t a l  seeds sown). When t h e  emergence r a t e  was assessed f o r  

each seed depth, t h e  evidence f o r  14 t rea tmen ts  suggests t h a t  many 

seed l ings  emerged f rom depths down t o  6-7cm w h i l e  i n  4 t rea tmen ts  

emergence f rom between 8 and l l c m  i s  imp l ied .  I n  two  broadcast 

t reatments ,  most o f  t h e  seed occurred a t  1-3cm and s u f f e r e d  a 50% 

death r a t e .  



I n e v i t a b l y  t h e  quadrats used f o r  excavat ion were not  t h e  ones 

used f o r  counts o f  seedl ing emergence and so t h e  above evidence i s  

i n d i r e c t  because o f  v a r i a b i l i t y  i n  t h e  d i s t r i b u t i o n  o f  seed. D i r e c t  

measurements o f  hypocotyl  1 ength were t h e r e f o r e  made. Mean l e n g t h  

v a r i e d  f rom 4.4 t o  6.9cm, values compat ib le  w i t h  known seed depths. 

Roots reached a mean depth o f  10.5cm, a va lue which was f a i r l y  

constant  among t reatments .  

Table 7.3. A comparison o f  r a i n f a l l  w i t h  s o i l  mo is tu re  l e v e l s  a t  

va r ious  depths dur ing  a subsequent drought,  and t h e  d i s t r i b u t i o n  

o f  r o o t s  o f  medic seed1 i n g s  which su rv i ved  t h e  drought. 

Rai n f a l l  . Tota l  r a i  n r e c e i  ved 

by 8 November, be fo re  t h e  drought 65 nun 

S o i l  Mo is tu re  Present i n  t h e  

p r o f i l e  t o  a depth o f  21 cm 

a t  mid December d u r i n g  t h e  drought 

(expressed as nun o f  r a i n )  

D i s t r i b u t i o n  o f  Mo is tu re  i n  

t h e  s o i l  i n  mid December 

Depth 0-7 cm 

Depth 7-14 cm 

Depth 14-21 cm 

Tota l  

D i s t r i b u t i o n  o f  Roots o f  

seed1 i ngs which germinated on 
1 

5 November and s u r v i v e d  t h e  Hypocoty l e n g t h  4.6 cm 

drought. MeasurementmademidDecember. R o o t s f r o m 4 . 6 - 1 0 . 5 c m  



Soil mi sture 

I n  t h e  e a r l y  sowing, measurements o f  s o i l  mo is tu re  were r e l a t e d  

t o  hypocotyl  1 ength  and r o o t  d i s t r i b u t i o n .  The observa t ions  were 

made i n  m id  December, a month a f t e r  most o f  t h e  seed l ings  had 

emerged (5  November). 

Resu l t s  a r e  g i v e n  i n  Table 7.3 and show t h a t  t h e  lower  l a y e r s  o f  

s o i l  were f a i r l y  d r y  and t h a t  seed l i ngs  had t h e i r  r o o t s  i n  t h e  

mo is te r  l a y e r s  o f  s o i l .  Since t h e  s o i l  below lOcm was d r y  i t  i s  

presumed t h a t  t h e  deeper sowings were a t  a disadvantage i n  a 

r a i n f a l l  p a t t e r n  which f a i l e d  t o  m a i n t a i n  mois t  s o i l  a t  t h e  p o s i t i o n  

where some o f  t h e  deeper seed1 i n g s  had t h e i r  r o o t s .  

To s imu la te  good and bad seasons i t  i s  planned t o  t e s t  t h e  

present  f i n d i n g s  under ambient r a i n f a l l ,  and t o  use s h e l t e r s  and 

i r r i g a t i o n .  A survey o f  medic sowing exper ience under d i f f e r e n t  

weather p a t t e r n s  i s  c u r r e n t l y  be ing conducted, and f rom p r e l i m i n a r y  

r e s u l t s  i t seems t h a t  t h e  minimum requ i rement  f o r  emergence i s  

probably  4 5 ~ 5  mm f rom r e c e n t  r a i n f a l l  o f  which 1055 occurs  soon 

a f t e r  sowing. It i s  hoped t o  t e s t  t h i s  hypothesis.  - A. Smith, N. 

Nersoyan, and M. Touma 

Experiment 7.2: e f f e c t  o f  f requency and s e v e r i t y  o f  

d e f o l i a t i o n  i n  f i r s t  y e a r  medic pas tu re  

(Preschedul e L35) 

The o b j e c t i v e s  o f  experiment 7.2 were f i r s t l y  t o  measure t h e  

e f f e c t  o f  severe and l i g h t  d e f o l i a t i o n s  on f i r s t  year  medic pasture ,  

and secondly t o  compare recovery  o f  medics w i t h  t h a t  o f  o the r  

1 egumes . 



Plant species respond in different ways t o  the s t ress  imposed by 

defoliation under grazing. A project was conducted in which various 

pastures were subjected t o  contrasting harvesting regimes during a 

two-month growing period. The influence of these on herbage 

production was examined, and used as a prediction of the reaction of 

species t o  grazing. Because i t  i s  easier ,  harvest was by hand 

rather than involving grazing animals. 

Four treatments were obtained by combining two frequencies 

(weekly and every 2-4 weeks) and two severit ies (10-202 removed and 

50-60% removed) of defoliation: hereinafter termed often and sel dom, 

and mild and hard, respectively. 

An extract of the resul ts  i s  given in Fig. 7.1 which shows that 

herbage producti vi t y  decl ined with increased frequency of simulated 

grazing, and t h a t  mild grazing was less  damaging t o  the pasture than 

hard grazing. I t  i s  interesting t o  see that medic (M. rigidula 

selection 716), a pasture species, responded better t o  grazing than 

comnon vetch, tradit ionally a forage species. 

"Yield" in t h i s  experiment was the tota l  of the herbage removed 

and that f inal ly  remaining. Inevitably the proportion 'grazed' 

varied with the regime, and a1 though higher yiel ds were obtained 

with l i t t l e  or no grazing, there would be serious consequences in 

terms of animal production i f  conserved herbage were not available 

for that type of management. 

For comparative purposes, crops which are not adapted t o  

grazing were included in the experiment. I t  was not surprising that 

herbage yield of wheat and len t i l  declined rapidly with defoliation 

intensity. - A. Smith and participants i n  the  residential training 

course 
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Fig. 7.1: Influence of the frequency and severity of defoliation 

under simulated grazing on the cumulative yield of medic 
and vetch between March and May. Two frequencies and two 
severit ies,  when combined, gave four defoliation 
treatments, the yields for which are shown rela t ive  t o  the 
standing biomass from an ungrazed control (defined as 100% 
for each diagram). 



Experiment 7.3: selection by grazing sheep anon9 

medi c/weed popul at4 ons (Preschedul e L29) 

The objectives of experiment 7.3 were f i rs t ly  t o  compare the 

influence of severe with lenient grazing on seed production of f i r s t  

year medic pasture and secondly to quantify the influence of grazing 

severity on the balance between medic a n d  weeds in f i r s t  year 
pasture. 

For medic pastures, the f i rs t  (establishment) year i s  critical 

for seed production. I t  will be necessary t o  advise farmers on how 

t o  deal with a poor establishment dominated by weeds: when t o  start 

grazing in spring and how t o  manage livestock. 

A project was therefore conducted t o  throw more light on this  

subject. "Good" and  "poor" medic (M, rigidula selection 716) 

pastures were produced by varying the seed rate. These pastures 

were then grazed by sheep a t  three grazing pressures: 

HARD ( t o  destroy the weeds); - 
MILD (to allow the medic plants to grow well); 

or at an INTERMEDIATE pressure. 

Grazing was on two occasions, in February and in March. 

Continuous grazing would have been difficult t o  achieve and so 

rotational grazing of small plots using a large number of sheep for 

a short time (less t h a n  one week) was employed. 

A sumnary of the treatments used i s  given in Table 7.4. They 

produced large differences in pasture productivity measured as the 

quantity of herbage produced by medic and weeds, and the quantities 

of seed finally remaining. The range of variation i s  given in Table 

7.5, and varied from x2 t o  x18. 



Table 7.4. Summary o f  g raz ing  management t rea tmen ts  i n  

experiment 7.3. 

Main E f f e c t s  

Date o f  g r a z i n g  

E E a r l y  Grazing i n  February and March 

L  La te  Grazing i n  March on1 y  

Qua1 i t y  o f  pasture  

G Good High p r o p o r t i o n  o f  medic i n  pas tu re  

P Poor Low p r o p o r t i o n  o f  medic 

Grazing pressure 

H Hard Weeds (and, i n c i d e n t a l l y ,  medic) a1 most 

complete ly  eaten 

I I n te rmed ia te  

M M i l d  L i t t l e  g raz ing  o f  medic (or ,  i n c i d e n t a l l y ,  o f  

weeds) 

Graz ing Management Treatments 

EPH Ear l y ,  Hard g raz ing  o f  poor pas tu re  

EPI Ear l y ,  I n te rmed ia te  g r a z i n g  o f  poor pasture  

EPM Ear l y ,  M i l d  g raz ing  o f  poor pas tu re  

EGH Ear l y ,  Hard g raz ing  o f  good pas tu re  

EG I Ear ly ,  I n te rmed ia te  g r a z i n g  o f  good pasture  

EGM Ear l y ,  M i l d  g raz ing  o f  good pas tu re  

LPH Late,  Hard g raz ing  o f  poor pas tu re  

LP I Late,  In te rmed ia te  g r a z i n g  o f  poor pasture  

LPM Late,  M i l d  g r a z i n g  o f  poor pas tu re  

LGH Late,  Hard g raz ing  o f  good pas tu re  

LGI Late,  In te rmed ia te  g r a z i n g  o f  good pasture  

LGM Late, M i l d  g raz ing  o f  good pas tu re  



Stock ing  r a t e  had l i t t l e  i n f l u e n c e  on t h e  q u a n t i t y  o f  medic seed 

produced (Fig.  7.2), bu t  e a r l y  g r a z i n g  r e s u l t e d  i n  a  s u b s t a n t i a l l y  

g r e a t e r  ou tpu t  o f  weed seeds. I n  terms o f  kg per ha o f  seed, medic 

and weed seed p roduc t ions  were s i m i l e r .  However, seed s i z e  o f  weeds 

v a r i e d  f rom 0.02mg ( S i l e n e  sp) t o  20mg (Scorp iurus sp) among t h e  17 
o r  so species present ,  a  range o f  ~ 1 0 0 0 ,  i n  comparison w i t h  medic 

which had seeds o f  mass 5 . 5 ~ 3  ( v a r y i n g  w i t h  t h e  season o f  growth).  

There was a  preponderance o f  small-seeded weeds so t h a t  i n  terms o f  

seed number t h e  advantage was i n  favour  o f  weeds. 

However, t h i s  was i n  a  s i t u a t i o n  where t h e r e  was no g r a z i n g  

whi 1  e  t h e  medi c  pods were devel op i  ng i n A p r i  1  and May. Dur i  ng t h a t  

t i m e  t h e r e  was r a p i d  weed growth, even i n  p l o t s  where h i t h e r t o  t h e r e  

had been l i t t l e  ev idence o f  weeds. The r e s u l t s  i n d i c a t e  t h e  need 

f o r  a  f u r t h e r  exper iment i n  which g r a z i n g  i s  cont inued d u r i n g  A p r i l  

and May. To a v o i d  medic pods f rom be ing removed a t  t h a t  t i m e  i t  i s  

a1 so proposed t o  use goats,  which o f t e n  p r e f e r  t o  e a t  p l a n t s  o ther  

t h a n  legumes. - A. Smith, N. Nersoyan, and H. Touma 

Experiment 7.4: t h e  g r a z i n g  o f  p l a n t  p a r t s  by sheep 

(Preschedul e  L36) 

The o b j e c t i v e s  o f  exper iment 7.4 were t w o f o l d :  t o  compare t h e  

e f f e c t s  o f  ' g r a z i n g '  d i f f e r e n t  p a r t s  o f  t h e  p l a n t  on herbage and 

seed y i e l d ,  and t o  p r e d i c t  ways o f  c o n t r o l l i n g  g r a z i n g  t o  i nc rease  

y i e l d .  

It has a l r e a d y  been shown (Chapter 2) t h a t  sheep may s e l e c t  

among d i f f e r e n t  p a r t s  o f  a p l a n t ,  and t h a t ,  i n  t h e  case o f  medics, 

t h e y  may d i f f e r e n t i a t e  between 1 eaves, a p i c a l  areas and o the r  

par ts .  It i s  impor tan t  t o  l e a r n  whether t h i s  cho ice  has 

i m p l i c a t i o n s  t o  p r o d u c t i v i t y ,  and i f  so whether a p p r o p r i a t e  

agronomic o r  g r a z i n g  management o p t i o n s  may be open t o  us. 



Table 7.5. Range o f  i n f l u e n c e  o f  t h e  t w e l v e  g r a z i n g  management 

t rea tmen ts  ( i n  b racke ts )  l i s t e d  i n  Tab le  7.4 on a c t u a l  and 

p o t e n t i a l  herbage d r y  ma t te r  p roduc t ion ,  sheep g raz ing  days, 

and on t h e  q u a n t i t y  o f  seeds produced, f o r  medic and weeds growing 

i n  a  mixed pasture.  Rounded minimum and maximum values a r e  quoted 

f o r  t reatment  means, t h e  range expressed as a  f a c t o r  c a l c u l a t e d  

on accurate  values as t h e  r a t i o  o f  t h e  maxima and minima. 

M i  nimum Maxi mum Fac to r  

Actual  Herbage Produc t ion  ( t  per ha) 

Medic Eaten 0.2 1.5 X8.4 

(EPM) (LGH) 

Weeds Eaten 0.2 1.4 X6.2 

(EGI) (LPH) 

Sheep g raz ing  days (12 h r s )  

per hectare  103 1812 X17.5 

(EPM) (LGH) 

P o t e n t i a l  Herbage Produc t ion  ( t  per ha) 

P a l a t a b l e  2.0 5.7 X2.9 

(medi ctweeds eaten (EPH) (EGM ) 

and medic remain ing)  

Tota l  5.1 8.6 X1.7 

(above p l  us a l l  (LGH) (EPH) 

mature weeds remai n i  ng ) 

Seed Produc t ion  (kg per ha) 

Medi c  247 537 X2.2 

(LPH) (EPI)  

Weeds 180 680 X3.8 

(LPH) (EPM) 

Seed Produc t ion  (number, m i l  1  i o n s  per ha) 

Medic 44 97 X2.2 

(LPH) (EPI)  
Weeds 273 805 X3.0 

(LPH) (EPH) 



244 

Seed Product ion 

(4Og per  m2) 

medic C 
E a r l y  

(Feb + March) 
g raz ing  

medic R 
Hard 

graz ing 

( 2 2  g per m ) 

medic 

Late  
(?4arch only)  

graz ing 

medic 0 medic R 
Intermedia te  Mild 
i n t e n s i t y  graz ing 

graz ing 

F i g .  7.2: Influence of ( a )  ea r ly  grazing compared with late-season 
grazing on t h e  number of weed seeds produced i n  a 
medic-weed mixed pasture, contrasted with (b) t h e  lack of 
influence of grazing pressure on e i t h e r  t h e  number of weed 
or of medic seeds (numbers i n  mill ions per hectare) .  

I n i t i a l  inves t iga t ions ,  made l a s t  year ,  s t rongly suggested t h a t  
t he  removal of shoot apices ( together  with leaves and stems) caused 

a serious reduction of herbage y i e l d  and pod production, whereas t h e  

removal of leaves (but not shoot ap ices)  did not seem t o  be 

aamag i ng . 



A shoot i s  d e f i n e d  here as p a r t  ( b u t  no t  a l l  ) o f  t h e  a e r i a l  p a r t  

o f  a p l a n t ,  c o n s i s t i n g  of a stem w i t h  a t tached  leaves ,  f l o w e r s ,  

f r u i t s ,  and smal ler  l a t e r a l  branches. The pr;mordia c o n s i s t  o f  t h e  

main ( t e r m i n a l )  apex o f  t h a t  shoot, and l a t e r a l  apices.  Each apex 

may be vege ta t i ve  or rep roduc t i ve .  A shoot cou ld  a1 so be termed ' a  

branch '  o f  t h e  p lan t ,  w i t h  l a t e r a l  o r  secondary branches. 

Resu l t s  ;n 1987 conf i rmed t h e  p rev ious  observat ions.  A h i g h l y  

s i g n i f i c a n t  d i f f e r e n c e  i n  herbage y i e l d  and pod number occurred: t h e  

removal o f  l eaves  o n l y  r e s u l t e d  i n  h igher  p roduc t ion  t h a n  t h e  

removal o f  complete shoots i n c l u d i n g  ( a t  l a t e r  dates) f l o w e r s  and 

pods, o r  t h e  removal o f  o n l y  t h e  t i p s  o f  shoots. I n  exper iments 

conducted i n  b o t h  years ,  t h e  s e v e r i t y  o f  shoot e x c i s i o n  has v a r i e d  

between t h e  removal o f  t h e  shoot t i p  on ly ,  h a l f  shoots, and complete 

shoots. I n  a l l  cases, t h e  fundamental common e f f e c t  has been t h e  

removal o f  t h e  main apex system, a f a c t o r  which seems t o  have t h e  

major i n f l u e n c e  on p r o d u c t i v i t y ,  w h i l e  t h e  l e n g t h  o f  each p o r t i o n  o f  

shoot removed seemed t o  have o n l y  a secondary e f f e c t .  

I n  exper iment 7.4 t h e  h a r v e s t i n g  o f  leaves gave 15% more 

dry-mat ter  y i e l d  ( i n c l u d i n g  pods) and 80% more pods, when measured 

d u r i n g  t h e  p e r i o d  26 March t o  4 May, and compared w i t h  shoot 

harvest ing.  However, when pod y i e l d  was measured (on 25 May, by 

which t i m e  pods were f u l l y  matured and d r y )  t h e  removal o f  leaves 

gave an advantage o f  24% i n  pod number, and a 35% advantage i n  seed 

number compared w i t h  t h e  removal o f  shoots  ( two t rea tmen ts  meaned). 

Resu l t s  a r e  summarised i n  F ig .  7.3. I n  f u t u r e  i t i s  hoped t o  

r e l a t e  these f i n d i n g s  t o  t h e  a c t i v i t i e s  o f  sheep and goats, i n  order  

t o  des ign improved g r a z i n g  systems. It should  a l s o  be p o s s i b l e  t o  

manipu la te  pas tu re  by t h e  use o f  agronomic p r a c t i c e s  (e.g. changing 

t h e  seed-rate) t o  a l t e r  t h e  p o s i t i o n s  o f  l eaves  and f l o w e r s  ( th rough  

t h e  e f f e c t  o f  dens i t y ) .  
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Fig. 7.3: Plant morphology and grazing. The e f f e c t  of harvesting 
only leaves ,  or complete shoots, or  only t h e  t i p s  of 
shoots by simulated grazing on ( a )  seed production and (b )  
herbage by a weed-free medic pasture. 

Another fac tor  t o  be considered l a t e r  i s  date of s t a r t i n g  shoot 

apex removal. I t  i s  probable t h a t ,  i f  t h i s  occurs very ea r ly  in  t h e  

year ,  t h e  r e s u l t s  will be d i f ferent  from removal l a t e r  due t o  t h e  

changing balance of dominance and suppression among apices,  and the  

dates of i n i t i a t i o n  of reproductive apices. 



It i s  a l s o  wor thwh i le  t o  screen medic species and genotypes f o r  

t h e  presence o f  genotypes w i t h  an a p p r o p r i a t e  w r p h o l o g y ,  t h a t  be ing 

genotypes w i t h  p r o s t r a t e  stems, pods c lose  t o  t h e  ground on s h o r t  

peduncles, l e a f y ,  and t h e  l e a f  laminae e l e v a t e d  on l o n g  p e t i o l e s .  

It i s  then p o s s i b l e  t h a t  under graz ing,  t h e  leaves  w i l l  t e n d  t o  be 

removed f i r s t  and t h e  pods t e n d  t o  remain on t h e  p l a n t s  - an 

ideo type  r a t h e r  1 i ke subterranean c l o v e r  (I. subterraneum). 

I n  1987/88 i t  i s  proposed t o  screen medics f o r  t h e  presence o f  

s u i t a b l e  charac te rs  which w i l l  be t e s t e d  f o r  y i e l d  i n  comparison 

w i t h  normal phenotypes. These a r e  expected t o  produce more pods 

under c lose c u t t i n g ,  and u l t i m a t e l y  under g r a z i n g  f o r  which purpose 

they  are  be ing evaluated. Promising s e l e c t i o n s  w i l l  fo rm t h e  

p rogen i to rs  o f  l i n e s  which cou ld  l e a d  t o  a new v a r i e t y .  - A. Smith  

and p a r t i c i p a n t s  o f  t h e  r e s i d e n t i a l  t r a i  n ing  course 

Experiment 7.5: t h e  response o f  pas tu re  legumes t o  

a p p l i c a t i o n  o f  phosphorus (Preschedule ML6) 

The o b j e c t i v e  o f  experiment 7.5 was t o  e s t a b l i s h  t h e  shape o f  

t h e  phosphorus response curve o f  severa l  annual legumes. 

I n  understanding t h e  ecology o f  marg ina l  l a n d  i t  i s  necessary t o  

know what happens t o  components o f  p l a n t  communities. I n  do ing t h i s  

i t  i s  very impor tan t  t o  study t h e  response o f  i n d i v i d u a l  spec ies  t o  

phosphorus t o  determine i f  v a r i a t i o n  e x i s t s .  The i n v e s t i g a t i o n  o f  

t h e  f a c t o r s  which a f f e c t  phosphate response o f  legumes i n  marg ina l  

l a n d  (see Chapter 2 )  has shown t h a t  d e t a i l s  a r e  needed o f  t h e  shape 

o f  response curves f o r  t h e  most common species i n  va r ious  1 oca t ions .  



I n  t h i s  exper iment f i v e  spec ies  (4. polymorpha v a r i e t y  Tah, M. 
r i g i d u l a  s e l e c t i o n  716, M. noeana s e l e c t i o n  2124, 11. r o t a t a  

s e l e c t i o n  1943, and As t raga lus  hamosus) were sown a t  n ine  r a t e s  o f  

phosphorus (0, 4, 8, 1 6 ,  24, 32, 40, 60 and 80 kg per ha), t h e  r a t e s  

having been chosen t o  g i v e  response curves. The exper iment was 

conducted a t  ICARDA1s out  s t a t i o n  near J i n d e r i s  (annual r a i n f a l l  470 

mm, r a i n f a l l  i n  1986187 601 nun, a v a i l a b l e  P l e s s  than  2.5 ppm). The 

species were chosen on t h e  bas is  o f  t h e i r  being widespread and 

abundant n a t i v e  p l a n t s  o f  Sy r ia .  

The t rea tmen ts  were ar ranged i n  a randomized complete b l o c k  w i t h  

t h r e e  rep1 i c a t e s .  P r i o r  t o  sowing t h e  s o i l  was sampled f r o m  0-lOcm 

f o r  a v a i l a b l e  P. 

The Oy jo rd  exper imenta l  d r i l l  was used t o  app ly  t h e  t rea tmen ts .  

A f t e r  i n o c u l a t i n g  t h e  seed w i t h  a p p r o p r i a t e  r h i z o b i a  t h e  p l o t s  were 

sown on 20 November a t  40 kg per ha. Herbage was harvested on two 

occasions, w i n t e r  and sp r ing :  a t  each harvest  p l a n t s  were c u t  t o  

ground l e v e l  i n  l m  x 2m quadrats. The samples have been s t o r e d  f o r  

chemical ana lys i s .  

Seed y i e l d  was measured i n  June, i n  l m  x 1.5m quadrats.  Pods 

were separated f r o m  t h e  s o i l  and o the r  res idues,  threshed,  and 

weighed. 

Herbage production 

The data i n  Table 7.6 show t h e  average response i n  herbage y i e l d  

o f  t h e  f i v e  1 egumes i n  w in te r .  A s t r a g a l  us hamosus d i d  n o t  show any 

s i g n i f i c a n t  response t o  phosphorus, t h e r e  were small (but  

i n s i g n i f i c a n t )  i nc reases  i n  M. noeana and 4. polymorpha, w h i l e  M. 
r i g i d u l a  and M. r o t a t a  showed h i g h l y  s i g n i f i c a n t  w i n t e r  responses. 

I n  spr ing,  M. r i g i d u l a  and M. polymorpha reached maximum herbage 

y i e l d  a t  60 kg per ha o f  P, a f t e r  which y i e l d  s t a r t e d  t o  decrease 

( s i g n i f i c a n t l y  so a t  P80 f o r  1. r i g i d u l a ) :  i n  M. r o t a t a  and M. 
noeana herbage y i e l d  was s t i l l  i n c r e a s i n g  up t o  t h e  h ighes t  P r a t e .  



Table 7.6. E f fec t  of phosphorus r a t e  (kg P per ha) on herbage y i e l d  (kg per ha) 

( a )  i n  winter  and ( b )  i n  spring of f i v e  pasture legumes. 

M. r i q i d u l a  M. noeana M. r o t a t a  M. polymorpha A. hamosus Mean 

P r a t e .  

( a )  Winter y i e l d  

Mean 420 159 280 175 67 

LSD (P(0.05) 80 80 80 80 80 36 

The response t o  phosphorus i n  s p r i n g  i s  best i l l u s t r a t e d  by a 

model o f t e n  used f o r  d e s c r i b i n g  f e r t i l i z e r  response, t h e  

M i t s c h e r l  i c h  response f u n c t i o n  which i s  most s imp ly  w r i t t e n  

where a rep resen ts  t h e  asymptot ic  l e v e l  o f  y i e l d ,  b t h e  r a t e  a t  

which y i e l d  tends  t o  i t s  asympto t i c  l e v e l ,  and c t h e  amount o f  

phosphorus a l ready  a v a i l a b l e  i n  t h e  s o i l .  By a p p l y i n g  t h i s  equa t ion  

t o  t h e  s p r i n g  data t h e  response curves f o r  t h e  f i v e  species were 

drawn (Fig.  7.4). 

The legumes responded d i f f e r e n t l y  t o  phosphorus. M. r i g i d u l a  

and M. r o t a t a  produced t h e  most herbage a t  a l l  l e v e l s  o f  P and 

responded t h e  most, w h i l e  As t raga l  us hamosus produced l e a s t  and 

showed t h e  l e a s t  response. The spec ies  w i t h  t h e  h ighes t  percentage 



Phosphorus r a t e  (kg per  ha) 

Fig. 7.4: The response i n  herbaqe production (t per ha) of (from top  
t o  bottom) Medicago r ig idu la  * - , - L  M. r o t a t e  M (broken 
1 i ne) , M. pol ymorpha, and Astragal us hamosus t o  
~ h o s p h o r u r  The numbers a r e  r e l a t i v e  vields ( b a s e 0 0  a t  
zero' phosphorus) calculated on t 6 e  basis  t h a t  a 
Mitscherlich response curve f i t s  t he  original  data. 

increases in  dry matter were 1. noeana and M. r igidula.  Note t h a t  
t h e  reduction in  y i e l d  of M. r ig idula  and M. polymorpha, previously 

mentioned, i s  n o t  shown in Fig. 7.4 because the  Mitscherbich 

equation assumes no such reduction. 

Applications of s l i g h t l y  l e s s  than 20, 24 and 36 kg per ha of P 

were enough t o  double t h e  spring herbage y i e l d  of 1. r ig idula ,  1. 
noeana and M. r o t a t a ,  respec t ive ly ,  while for  M. polymorpha a - - 
s imi lar  response was obtained a t  44 kg per ha of P. For Astragalus 
hamosus, even by appl ica t ion  of t h e  highest r a t e  of P ,  herbage y i e l d  

could not be doubled. 



Phosphorus rate (kg per ha) 

Fia.  7.5: The resDonse i n  seed o r o d u c t i o n  o f  ( f rom  to^ t o  bottom) " 
~ e d i c a g o  r o t a t a ,  & r i g i d u l a ,  M. noeana, M.' -; 
and ~ s t r a g T h a m o s u s .  The numbers a r e  r a a t 7  ve y7e ds 
(base 100 a t  ze ro  phosphorus) and t h e  p o s i t i o n  o f  t h e  
1 i nes ca l  cu l  a ted  u s i  ng a M i t s c h e r l  i ch response curve. 

Seed p roduc t ion  

The e f f e c t  o f  phosphorus on seed y i e l d  o f  t h e  f i v e  legumes i s  

shown i n  Fig.  7.5. As w i t h  herbage M. r o t a t a  and I?. r i g i d u l a  

produced t h e  h ighes t  seed y i e l d s  a t  a l l  P l e v e l s .  The f i t t e d  curves 

r e v e a l  t h a t  5. polymorpha and M. noeana were t h e  most respons ive.  

A l though t h e r e  were some increases i n  seed y i e l d  o f  As t raga l  us 

hamosus these inc reases  were not  s i g n i f i c a n t ,  and t h i s  spec ies  must 

be regarded as unresponsive.  

The r e s u l t s  conf i rmed p rev ious  f i n d i n g s  t h a t  seed y i e l d  i s  l e s s  

respons ive  t o  phosphorus than  herbage y i e l d .  A f t e r  chemical 

a n a l y s i s  t h e  r e s u l t s  o f  t h i s  exper iment w i l l  h e l p  t o  assess t h e  

respons i  veness o f  p r e v i o u s l y  u n - f e r t i  1 i zed n a t i  ve pasture.  - M.A. 

Turk, Prof .  A.J. W i l l i s ,  and ( U n i v e r s i t y  o f  S h e f f i e l d )  P.S. Cocks 



252 

CHAPTER 8: PARASITES IN AYllSSI SHEEP 

I nc reas ing ly ,  aspects  o f  animal h e a l t h  a r e  seen as c o n s t r a i n t s  

t o  t h e  adop t ion  o f  new l i v e s t o c k - p r o d u c i n g  farming systems. I n  t h e  

p rev ious  two Program Repor ts  (ICARDA 1985, page 130, and PFLP 1986, 

page 4 )  t h e r e  have been b r i e f  d e s c r i p t i o n s  o f  work sponsored by JICA 

which has mon i to red  t h e  inc idence  o f  g a s t r o - i n t e s t i n a l  p a r a s i t e s ,  

e s p e c i a l l y  i n  exper iment 2.1. I n  t h e  course o f  t h i s  work t h e  

prevalence o f  nematodes i n  t h e  l u n g s  o f  Awassi sheep has been 

observed t o  be t h e  most impor tan t  c h r o n i c  h e a l t h  c o n d i t i o n  s u f f e r e d  

by t h e  sheep. Th is  y e a r  t h e  work has been expanded t o  s tudy  t h e  

e f f e c t  o f  drench ing v i l l a g e  sheep w i t h  anthe lmi  n t i  cs t o  c o n t r o l  

these 1  ungworms. 

Experiment 8.1: mnitairg helminth parasites i n  the 
sheep o f  experiment 2.1 (Preschedule ML2) 

Espec ia l1  y  a t  h i g h  r a t e s  o f  s e t - s t o c k i  ng an i m p o r t a n t  f a c t o r  i n  

new g r a z i n g  systems i s  t h e  h e a l t h  o f  l i v e s t o c k .  I n  p a r t i c u l a r  t h e  

r i s k  o f  i n t e r n a l  p a r a s i t e s  i s  s i g n i f i c a n t  and presents  t o  fa rmers  a  

problem which my no t  e x i s t  i n  t r a d i t i o n a l  systems. Whi le  i t  was 

no t  t h e  a im o f  exper iment 2.1 t o  s tudy  i n t e r n a l  p a r a s i t e s  - indeed  

t h e  sheep a r e  drenched as a  mat te r  o f  r o u t i n e  - it seemed a  good 

o p p o r t u n i t y  t o  mon i to r  i n t e r n a l  p a r a s i t e s ,  e s p e c i a l l y  1  ungworms, and 

see i f  t h e r e  was any i n d i c a t i o n  o f  a  b u i l d - u p  i n  numbers a t  h i g h  

r a t e s  o f  s tock ing.  

P r e l i m i n a r y  work i n  1984185 (Thomson and O r i t a  1988) had a l r e a d y  

i n d i c a t e d  t h a t  lungworms a r e  a  g r e a t e r  t h r e a t  t o  sheep t h a n  t h e  

g a s t r o - i n t e s t i  nal he lmin ths.  O f  t h e  1 ungworms, D ic tyocau l  us 



f i l a r i a ,  a  species l i v i n g  f r e e l y  i n  t h e  l u n g  passages, i s  l e s s  

common t h a n  t h e  parenchyma d w e l l i n g  p a r a s i t e s  o f  t h e  

P r o t o s t r o n g y l  i dae. 

Faeces were t a k e n  a t  monthly i n t e r v a l s  f rom November 1986 t o  

November 1987 f rom two o f  t h e  f i v e  sheep i n  each t rea tmen t  o f  

experiment 2.1, s e l e c t e d  random1 y. He1 mi n t h  eggs were counted us ing 

t h e  McMaster techn ique  and lungworm l a r v a e  counted a f t e r  e x t r a c t i o n  

from faeces us ing a  m o d i f i e d  Baerman apparatus. A l l  sheep were 

drenched w i t h  GH27 (Levami s o l  ) on 29  December 1986 and 

Ivomec( i  vermecti n ) / G ~ 2 7  on 10 March 1987 t o  c o n t r o l  a1 1  he1 mi n t h  

pa ras i tes .  

The percentage o f  ewes i n f e c t e d  w i t h  lungworms and s t r o n g y l i d  

( g a s t r o - i n t e s t i n a l  ) he lm in ths  each month a r e  shown i n  F ig .  8.1. The 

seasonal c y c l e  o f  r e p r o d u c t i v e  a c t i v i t y  o f  t h e  p a r a s i t e s  a r e  

apparent, t h e  h ighes t  l e v e l s  o f  i n f e c t i o n  be ing i n  autumn and w i n t e r  

when temperatures a r e  low, humid i t y  i s  h igh,  and when egg l a y i n g  by 

t h e  p a r a s i t e s  takes  place. 

% 
40 
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Fig. 8.1: Percentage of ewes i n f e c t e d  w i t h  (a )  s t r o n a v l i d  
( g a s t r o - i n t e s t i n a l  he lmin ths,  ( b )  ~ i c t ~ o c a ; l  us f a l a r i a ,  
( c )  P r o t o s t r o n g y l u s  spp., ( d )  M u e l l a r i u s  s p p n )  
Cystocaul us spp. and ( f )  Neostrongyl  us spp. f rom October 
1986 t o  October 1987. Sheep were t r e a t e d  w i t h  Levamisol 
(-) on December 2Y, 1986 and Ivomec-GH27 ( - - -+)  on 
march 10, 1987. 



Above 60% o f  ewes were i n f e c t e d  w i t h  S t rongy l  i d  he lm in ths  i n  

w i n t e r  and sp r ing ,  b u t  t h i s  l e v e l  decreased t o  25% i n  June 

i n c r e a s i n g  aga in  i n  autumn. Up t o  one t h i r d  o f  t h e  ewes were 

i n f e c t e d  w i t h  1. f i l a r i a  i n  autumn b u t  burdens were o n l y  moderate. 

O f  t h e  P r o t o s t r o n g y l  i d s ,  i n f e c t i o n s  w i t h  Cystocaul us and, t o  a  

l e s s e r  ex ten t ,  w i t h  M u e l l a r i u s ,  appeared t o  be t h e  o n l y  ones o f  any 

s i g n i f i c a n c e .  V a r i a t i o n  i n  t h e  i n f e c t i o n  r a t e  w i t h  season o f  

Cystocaul us appeared t o  be l e s s  pronounced t h a n  w i t h  o t h e r  genera, 

bu t  i n f e c t i o n  r a t e s  exceeded 25% o f  t h e  ewes f rom August t o  March. 

Ewes appeared t o  pass l a r v a e  o f  Neost rongy lus  d u r i n g  t h e  hot  sumner 

per iod,  which i s  c o n t r a r y  t o  expec ta t i ons ,  b u t  o v e r a l l  i n f e c t i o n  was 

very  low. Whether t h i s  i s  a  p e c u l i a r i t y  o f  t h e  genus, o r  an 

a r t e f a c t  assoc ia ted  w i t h  t h e  l o w  i n f e c t i o n  r a t e ,  i s  n o t  known. 

Noteworthy i s  t h e  c o n t r a s t i n g  e f f e c t s  o f  t h e  a n t h e l m i n t i c s  on 

t h e  g a s t r o - i  n t e s t i  nal and 1  ung he lmin ths.  Treatment a g a i n s t  t h e  

g a s t r o - i n t e s t i n a l  p a r a s i t e s  (and a1 so D. f i l a r i a )  was e f f e c t i  ve, 

w i t h  a  pronounced f a l l  i n  t h e  number o f  ewes a f f e c t e d  a f t e r  

t reatment .  But t h e  parenchyma-dwell i ng M u e l l a r i  us and C.ystocau1 us 

were l i t t l e  a f f e c t e d ,  a l though  t h e r e  was some suggest ion t h a t  t h e  

egg- lay ing o f  Cystocaulus was i n h i b i t e d  a f t e r  t h e  March t reatment .  

Even i n  t h e  second year  o f  t h e  study, no e f f e c t  of s t o c k i n g  r a t e  

on t h e  i n f e c t i o n  o f  ewes was detected.  It i s  p o s s i b l e  t h a t  a t  t h e  

s t o c k i n g  r a t e s  be ing imposed ( t h e  h ighes t  i s  o n l y  1.6 ewes per ha), 

and because o f  t h e  r o u t i n e  t rea tmen t  o f  ewes w i t h  a n t h e l m i n t i c s ,  

p a r a s i t e  burdens w i l l  remain low. The c losed  na tu re  o f  sheep 

management a t  Tel Hadya, which prevents  t h e  sheep becoming 

r e i n f e c t e d  f r o m  f l o c k s  ou ts ide ,  i s  p robab ly  another c o n t r i b u t o r y  

f a c t o r .  Rout ine m o n i t o r i n g  o f  ewes w i l l  con t inue  i n  1987/88, b u t  

t h e  main focus  o f  research  on h e l m i n t h  p a r a s i t e s  w i l l  s h i f t  t o  

on-farm m o n i t o r i n g  (exper iment 8.2). However, a t  l e a s t  an e a r l y  

hypothes is  o f  t h e  research,  t h a t  i n f e c t i o n  r a t e s  by P r o t o s t r o n g y l  i d s  

t e n d  t o  be h igher  t h a n  D ic tyocau lus  i n  a d u l t  sheep (Thomson and 

O r i t a ,  1988), seems t o  have been conf i rmed i n  t h i s  study. - E.F. 

Thornson and 6 .  O r i t a  ( consu l tan t  f r o m  JICA) 



Exper inen t  8.2: i n f l  wnce of  lungworms on the p r o d u c t i v i t y  

of  v i l lage f l o c k s  (Preschedul e L33) 

The o b j e c t i v e  o f  experiment 8.2 was t o  study t h e  e f f e c t s  o f  

c o n t r o l  1 i ng P r o t o s t r o n g y l  i ds on 1 i veweight , body c o n d i t i o n  and 

f e r t i l i t y  o f  ewes, and on t h e  m o r t a l i t y  o f  lambs and t h e i r  

pre-weani ng growth r a t e .  

The lungs  o f  Awassi sheep a r e  p a r a s i t i z e d  by lungworms l o c a t e d  

e i t h e r  i n  t h e  b r o n c h i i  and b ronch io les ,  o r  i n  t h e  parenchyma. 

Examples o f  t h e  l a t t e r  a r e  t h e  P r o t o s t r o n g y l i d  genera 

(P ro tos t rongy l  us, Muel l e r i u s ,  Cystocaul us and Neostrongyl  us)  which 

i n f e c t  sheep a f t e r  passage through an i ntermedia te  host ,  u s u a l l y  

severa l  species o f  s n a i l s .  Another genus o f  1 ungworm, D ic tyocau l  us, 

i s  t r a n s m i t t e d  v i a  faeces w i t h o u t  r e q u i r i n g  an i n t e r m e d i a t e  host.  

Very l i t t l e  work has been done on i n f e c t i o n s  o f  Awassi sheep w i t h  

Dic tyocaulus,  and no on-farm s t u d i e s  a r e  known. I n  experiment 8.2 

t h e  o p p o r t u n i t y  was a l s o  t a k e n  t o  mon i to r  t h e  seasonal preva lence o f  

D ic tyocau lus  and va r ious  P r o t o s t r o n g y l i d s  i n  v i l l a g e  sheep. 

P r e l  i mi nary  s t u d i e s  

I n  February 1987 approx imate ly  370 ewes were t a k e n  f rom e i g h t  

f l o c k s  a t  t h r e e  1 ocat ions:  A1 Bab, A1 Tah, and Gamnari ( a l l  i n  n o r t h  

Sy r ia ) .  Each f l o c k  was subd iv ided  i n t o  t h r e e  t rea tmen t  groups: 

Fenbendazole (10 mg per kg l i v e w e i g h t ) ,  Morantel  c i t r a t e ,  (8 mg per 

kg )  and a p lacebo c o n t r o l  (Maalox). Morantel  c i t r a t e  i s  an 

anthe lmi  n t i c  e f f e c t i v e  on1 y a g a i n s t  g a s t r o - i  n t e s t i  nal p a r a s i t e s  

w h i l e  Fenbendazole i s  e f f e c t i v e  aga ins t  b o t h  g a s t r o - i n t e s t i  nal  worms 

and lungworms. 

Seven ewes f rom each t reatment  i n  several  f l o c k  were s laugh te red  

and autops ied i n  e a r l y  A p r i l .  A l l  he lm in th  p a r a s i t e s  were c o l l e c t e d  



f rom l u n g  t i s s u e  and t h e  g a s t r o - i n t e s t i n a l  t r a c t .  The l u n g s  were 

examined f o r  macroscopic l e s i o n s  and sec t ions  were t a k e n  f o r  

microscopic  eva lua t ion .  The au tops ies  have p rov ided  i n f o r m a t i o n  on 

t h e  genera o f  p a r a s i t e s  present,  t h e  k i n d  and degree o f  patho logy o f  

t h e  1 ungs (whether worm - r e l a t e d  o r  o therwise)  and background 

i n f o r m a t i o n  on t h e  s t a t e  o f  h e a l t h  i n  t h e  f l o c k s .  

Data on l e v e l s  o f  lungworm i n f e c t i o n s  a r e  g i v e n  i n  Table 8.1. 

Cystocaul us and M u e l l e r i u s  were t h e  predominant genera i n  a l l  

samples p r i o r  t o  t rea tmen t .  D ic t yocau l  us was a1 so present ,  

s u r p r i s i n g  i n  these  4 year  o l d  ewes, s ince  D ic tyocau l  us i s  

cons idered t o  i n f e c t  young lambs and y e a r l i n g s .  It remains t o  be 

seen j u s t  how much D ic tyocau lus  and t h e  P r o t o s t r o n g y l i d s  c o n t r i b u t e  

i n d i v i d u a l l y  o r  s y n e r g i s t i c a l l y  t o  1 ung path01 ogy and r e s p i r a t o r y  

d i s t r e s s  i n  sheep. 

Table 8.1. Number o f  lungworm l a r v a e  (mean number per g o f  faeces)  

i n  au tops ied  ewes, be fo re  and a f t e r  t rea tmen t  w i t h  
Fenbendazole, Morantel  o r  a placebo. 

Number Before t reatment  ( l a r v a e  per g) A f t e r  t reatment  ( l a r v a e  per g )  

of Cysto- Muel 1 - Proto-  w- Cysto- Muel l -  Proto-  w- 
Treatment ewes caul us a r i  us s t rongy l  us caul us caul us a r i  us Stongyl us 

Fenbendazole 7 113 60 4 7 23 4 0 <2 

Morantel 6 126 12 0 14 97 49 0 2 
1 1 1 I 

Placebo 7 170 9 0 8 123 6 0 7 

Notes: Treatment an 23 February and 2 A p r i l  1987. Autopsy on 6-8 A p r i l  1987. 

Table 8.1 a1 so g i v e s  t h e  number o f  l a r v a e  per gram o f  faeces 

a f t e r  t reatment .  As expected, t h e  Fenbendazol e group had fewer 

l a r v a e ,  t h e  few present  being p r i m a r i l y  due t o  Cystocaul us i n f e c t i o n  

i n  two o f  t h e  ewes. Resu l t s  f o r  Morantel  and t h e  placebo show t h a t  

lungworms were no t  a f f e c t e d  by those t reatments .  The d e c l i n e  i n  

l a r v a e  i s  t y p i c a l  i n  A p r i l ,  when t h e  au tops ies  were conducted. 



Table 8.2 shows t h e  number o f  a d u l t  worms recovered a t  autopsy. 

The a d u l t  P r o t r o s t o n g y l  i d s  a r e  del i c a t e  and t h e r e f o r e  d i f f i c u l t  t o  

separate f rom l u n g  t i s s u e ;  consequent ly,  t h e  t o t a l  number o f  these 

worms i s  probably  under-estimated. The pr imary  genus present  was 

Cystocaulus, a s c e r t a i n e d  f rom t h e  shape o f  t h e  bursa and s p i c u l a  i n  

s tage I 1  male l a rvae .  One ewe, more t h a n  5 years  o l d ,  was h e a v i l y  

i n f e c t e d  w i t h  Cystocaulus species, t h e  a d u l t s  o f  which were abundant 

i n  t h e  lower  lobes. I n  another t h e  presence o f  a  l a r g e  number o f  

f o u r t h  stage l a r v a e  was i n d i c a t i v e  o f  a  " s p r i n g  r i s e "  - t y p e  

inc rease  i n  p a r a s i t e  numbers. 

Table 8.2. Number o f  a d u l t  P ro tos t rongy l  i d s  and D ic tyocau l  us 

a t  autopsy f o r  ewes t r e a t e d  w i t h  Fenbendazole, Morantel and a  

placebo. Values a r e  pe r  g o f  1  ung t i s s u e .  

Cysto m- - Proto-  D i  c tyo-  

Treatment cau lus  - a r i  us s t rongy l  us caul  us  

Fenbendazol e  4 0  0 1 
Morantel  2 <1 0  10 

1 
Placebo 2 0  0  5 

H i s t o l o g i c a l  sec t ions  demonstrated 1  ungworm l e s i o n s  o f  va ry ing  

s e v e r i t y  i n  t h e  lower  l obes  o f  a l l  lungs. Most sheep were a l s o  

i n f e c t e d  w i t h  Echinococcus ( h y d a t i d  c y s t )  which had dest royed l a r g e  

p o r t i o n s  o f  l u n g  t i s s u e .  A d d i t i o n a l  work i s  i n  progress t o  

c h a r a c t e r i z e  these 1  e s i  ons. 

I n  f u t u r e  i t  w i l l  be i n t e r e s t i n g  t o  note  i f  t h e  

Marsha l l ag ia /Os te r tag ia  group i s  predominant i n  t h e  

g a s t r o - i n t e s t i n a l  t r a c t  o f  sheep grazed i n  o r  near steppe 1  and. The 

c o n t r i b u t i o n  o f  these p a r a s i t e s  t o  r e s p i r a t o r y  disease i n  w i n t e r  and 

t h e i r  e f f e c t  on p r o d u c t i v i t y  rernai ns t o  be inves t iga ted .  



Resu l t s  on t h e  recovery  o f  g a s t r o - i  n t e s t i n a l  p a r a s i t e s  a r e  

presented i n  Table 8.3. From t h e  number o f  worms present  i t would 

appear t h a t  Fenbendazole and Morantel  were b o t h  e f f e c t i v e  i n  

removing small - i n t e s t i n a l  p a r a s i t e s  bu t  not  i n  removing abomasal 

worms. Th is  i s  s u r p r i s i n g  because t h e  dose o f  Fenbendazol was 

h igher  t h a n  t h a t  recommended f o r  t rea tmen t  o f  these worms. 

Table 8.3. Counts ( p e r  g faeces)  o f  a d u l t  and immature gas t ro -  

i n t e s t i n a l  he lmin ths f rom au tops ied  sheep t r e a t e d  w i t h  Fenbendazole, 

Morante l  o r  a placebo. 

Abomasum Small i n t e s t i  ne Large I n t e s t i n e  

Treatment A d u l t s  Imnature  A d u l t s  Immature A d u l t s  

Fenbendazol e (n=7) 12 244 < 1 6 <1 

Morantel  (n=6) 35 948 <1 10 4 

Placebo (n.7) 155 455 30 68 6 

Another s u r p r i s e  was t h e  l a r g e  number o f  inmature l a r v a e  i n  t h e  

abomasa o f  t h e  ewes (samples i n c l u d e d  abomasal contents ,  s c r a p i  ngs 

and d iges ted  mucosa). These were predominant ly  l a t e  s tage I V  l a r v a e  

o f  Oster tag ia .  The f a c t  t h a t  t h e y  appeared so r a p i d l y  a f t e r  

t rea tmen t  may i n d i c a t e  t h a t  t h e y  were present  i n  t h e  mucosa o f  t h e  

abomasum and t h a t  i n h i b i t e d - t y p e  o s t e r t a g i a s i  s c o u l d  be an impor tan t  

c o n t r i b u t o r  t o  sheep p a r a s i t i s m  i n  S y r i a .  

The worms present  i n  t h e  g r e a t e s t  number i n  t h e  abomasum were 

Marshal 1 ag ia  spp., a t  present n o t  i d e n t i f i e d  t o  species l e v e l .  

Other species present  i n  t h e  abomasum i n c l u d e d  O s t e r t a g i a  

c i r cumc inc ta  and 0. t r i f u r c a t a .  Nematodirus f i l l i c o p i s ,  

T r i c h o s t r o n s y l  us c a p r i c o l a  and 1. v i t r i n u s  were present i n  t h e  small 

i n t e s t i n e .  These a r e  species t h a t  would be expected i n  sheep r a i s e d  

i n  these areas of S y r i a  and under p r e v a i l i n g  management systems. 

However, t h e  l a r g e  number o f  Marsha l l aq ia  and O s t e r t a g i a  i n  t h e  



abomasum may i n d i c a t e  t h a t  most o f  t h e  e f f e c t  o f  g a s t r o - i n t e s t i n a l  

p a r a s i t e s  i s  due t o  these worms. Th is  i s  an a d d i t i o n a l  area o f  

i n v e s t i g a t i o n  i n  p lann ing  s t r a t e g i c  anthe lmi  n t i c  t reatment .  

Present S t u d i e s  

M o n i t o r i n g  o f  f l o c k s  on each farm w i l l  cont inue.  F lock  

management and i n v e n t o r y  data ( b i r t h ,  deaths, sales,  feed ing,  e tc . )  

a r e  being c o l l e c t e d  on a  monthly bas is .  Ewes and lambs a r e  wejghed 

and t h e i r  c o n d i t i o n  scored r e g u l a r l y ,  w h i l e  a t  l e a s t  10% o f  ewes a r e  

sampled f o r  pa ras i tes .  

L iveweight  changes have been ana lyzed f o r  each f l o c k  on each 

farm. There a r e  s i g n i f i c a n t  d i f f e r e n c e s  between farms (P<0.05), 

p robably  a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  management p r a c t i c e s .  There 

a r e  no s i g n i f i c a n t  d i f f e r e n c e s  between t reatment  groups a t  t h i s  

e a r l y  stage. However, a f t e r  t h r e e  t rea tmen ts ,  t h e  Fenbendazole 

groups had a  h igher  average 1  i vewe igh t  g a i n  t h a n  e i t h e r  o f  t h e  o the r  

groups. It i s  notewor thy  t o  cons ider  t h a t  t h i s  i nc rease  was n o t  

apparent between February and J u l y  1987. The c h r o n i c  n a t u r e  o f  

p a r a s i t i  sm r e q u i r e s  t h a t  1  i veweight be f o l l o w e d  f o r  much l o n g e r  

p e r i o d s  t o  i d e n t i f y  t h e  e f f e c t s  o f  t h e  worms. Ewes a t  a l l  farms 

w i l l  t h e r e f o r e  be weighed, sampled and t r e a t e d  f o r  t h e  coming t h r e e  

t o  f o u r  years,  and t h e i r  lambs w i l l  be weighed f rom b i r t h .  The 

r e s u l t s  w i l l  i n d i c a t e  t h e  expected p r o d u c t i v i t y  l o s s  due t o  

1  ungworms. 

The data a r e  a1 so i n d i c a t i n g  t h a t  d i f f e r i n g  geographica l  

1  oca t ions  and management p r a c t i c e s  have r e s u l t e d  i n  d i f f e r e n t  k i n d s  

o f  p a r a s i t e  problems. For example, t h e  P r o t o s t r o n g y l  i d  produc ing 

t h e  g r e a t e s t  number o f  l a r v a e  a t  Al-Bab was Cystocaulus, whereas a t  

Al-Tah i t was M u e l l e r i u s .  F u t u r e  data c o l l e c t i o n  and a n a l y s i s  

shou ld  i n d i c a t e  t h e  f a c t o r s  account ing f o r  these e p i z o o t i o l o g i  ca l  

d i f f e r e n c e s  between 1  oca t ions .  - C. Rhodes ( p r i v a t e  consu l tan t ) ,  

E.F. Thomson, 6 .  O r i t a  ( consu l tan t  f r o m  JICA), and F.A. Bahhady 
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CHAPTER 9: TRAINING 

Training i s  an essential part of the Program's act ivi t ies .  In 

PFLP i t  i s  designed t o  ( a )  enhance the research capacity of NARS in 

the f ie ld  of pasture, forage a n d  livestock improvement as defined by 

the needs of national programs within west Asia a n d  north Africa, 

(b) build a viable network of agricultural researchers who work 

closely with ICARDA on pasture, forage and livestock research, ( c )  
meet the needs of selected individuals in national programs who 
require detailed training in specific problem areas of research 

relevant t o  PFLP research ac t iv i t i es ,  and ( d )  ass is t  in the academic 

training of agricultural colleges of the region by providing 

opportunities for f i e ld  oriented thesis  research t o  be conducted 

with assistance and supervision of PFLP senior scient is ts .  

Six types of training were offered in 1986/87: 

Residential course 

From 1 March - 18 June, 1987, the residential course t o o k  place 

at  Tel Hadya where nine trainees from nine countries (South Yemen, 

U.A.E., Syria, Sudan, Nepal, Ethiopia, Egypt, China and Algeria) 

participated. A re1 a t i  vel y 1 arge vol ume of resources a n d  senior 

scient is ts '  time were devoted t o  the course of which the major 

objectives were t o  provide middl e level research personnel from 

national programs with the knowledge and skil l  s necessary t o  conduct 

f i e l  d research into improving the  production and ut i l izat ion of 

feeds for sheep. 

The period of training (March - June) coincides with our  most 

important research ac t iv i t i es .  The syllabus focused on f i e l  d and 

1 aboratory techniques for annual forage breeding, agronomy and 

uti l ization of forages, the ley farming system, biological nitrogen 



f i x a t i o n ,  improv ing 1  i vestock n u t r i t i o n ,  marginal  l a n d  improvement, 

and g raz ing  management. Every t r a i n e e  was c l o s e l y  assoc ia ted  w i t h  a  

concerned sen ior  s c i e n t i s t ,  and, depending on h i s  i n t e r e s t  o r  

n a t i o n a l  program requirements,  assumed r e s p o n s i b i l i t y  f o r  h i  s/her 

own p r o j e c t ,  becoming an i n t e g r a l  p a r t  o f  t h e  research  team as a  

whole. Th is  gave t h e  t r a i n e e  exper ience ; n planning, conduct ing,  

ana lys ing  and r e p o r t i n g  exper imental  work, d e t a i l s  o f  which a r e  

g i v e n  i n  Table 9.1. 

Table 9.1. Pro jec ts  assigned t o  pa r t ' c ipan ts  i n  t h e  1987 r e s i d e n t i a l  course. 

Name Country T i t l e  of t h e  p ro jec t  Supervisor 

Mansour Saeed Khan S-Yemen 

Imad Momamned T a r a k j i  Syr ia  

Gerbremedhi n Hagos E th iop ia  

He Yong Song China 

Hemadach Abd El Ma j id  A lge r ia  

A l i  Ahmed A1 Mohr iz i  U.A.E 

A t i f  Abd El Ma l i k  Sudan 

Sudarshan Regmi Nepal 

Ibrahim Mohamned Ahmed Egypt 

Medic seed product ion 

Screening annual medics fo r  

nematodes 

Forage-germpl asm eva lua t ion  and 

u t i l i z a t i o n  

Se lec t ion  C r i t e r i a  fo r  Forage Crops 

E f f e c t  o f  seeding ra tes ,  row spacing 

and weed contro l  on agronomic 

c h a r a c t e r i s t i c s  of uool lypod vetch 

Lamb fa t ten ing  and pea p a l a t a b i l i t y  

Lamb fa t ten ing  and pea p a l a t a b i l i t y  

Grazing management o f  medics 

Q u a l i t y  assessment o f  forages 

A l i  Abd El Moneim 

A l i  Abd El Moneim 

A l i  Abd El Moneim 

A l i  Abd E l  Moneim 

A1 i Abd El Moneim 

Euan Thanson 

Euan Thomson 

Alan Smith 

Safouh R i  hawi 

F i e l d  t r a i n i n g  was supported by a  s e r i e s  o f  l e c t u r e s  and 

d i scuss ions  d e a l i n g  w i t h  p r a c t i c a l  and t h e o r e t i c a l  sub jec ts .  

Educat ional  a ids ,  i n c l u d i n g  manuals d e t a i l i n g  impor tan t  areas o f  

improvement o f  pastures,  forages and 1 i vestock, were provided. 

Eva1 u a t i o n  and f o l l o w  up i s  cons idered t o  be an impor tan t  aspect 

o f  t h e  course. The t r a i n e e s  were asked t o  eva lua te  va r ious  s u b j e c t  

areas o f  t h e  course throughout  t h e  t r a i n i n g  per iod,  and t h e i r  

c o n e n t s  and d i  scussi  on have been t a k e n  i n t o  account i n  des ign ing  



f u t u r e  courses. When t h e  t r a i n e e s  r e t u r n  t o  t h e i r  home coun t r i es ,  

con t inued  and c l o s e  con tac t  i s  ma in ta ined  th rough  v i s i t s  by sen io r  

s t a f f .  

S h a t  Term T r a i n i n g  

T h i s  a c t i v i t y  p rov ides  concise,  prob lem-or iented t r a i n i n g  on a 

s p e c i f i c  aspect o f  t h e  Program a c t i v i t i e s .  It comprises f i e l d  work, 

l a b o r a t o r y  work, l e c t u r e s  and d iscuss ions.  

F i e 1  d techn iques  i n  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 :  A two-week 

t r a i n i n g  course was g i v e n  f r o m  22 February t o  5 March. Seven 

p a r t i c i p a n t s  f rom s i x  c o u n t r i e s  o f  t h e  ICARDA r e g i o n  a t tended  t h e  

course. I t s  a im was t o  t r a n s f e r  t e c h n o l o g i c a l  i n f o r m a t i o n  t o  

persons cons idered e s s e n t i a l  t o  t h e  development o f  1 egume/rhizobia 

research  i n  n a t i o n a l  programs. 

The course covered t h e  f o l l o w i n g  t o p i c s :  1) an overv iew o f  t h e  

legume/rh izob ia  system, 2)  m a n i p u l a t i o n  o f  c u l t u r e s ,  3 )  assessment 

o f  n a t u r a l i z e d  s o i l  popu la t i ons  o f  r h i z o b i  a, 4 )  agronomic aspects  

and f i e l d  exper imentat ion,  5 )  measurement o f  n i t r o g e n  f i x a t i o n ,  6 )  

e f f e c t s  o f  c rop  management, and 7 )  i nocu lum p roduc t ion  and use. 

Th is  t y p e  o f  t r a i n i n g  a c t i v i t y  i s  expected t o  con t inue  and an 

inc rease  i n  t h e  number o f  p a r t i c i p a n t s  and l e c t u r e r s  i s  a n t i c i p a t e d .  

Medic p l a n t i n g  and harvest ing:  A s h o r t  t r a i n i n g  course on 

e s t a b l i s h i n g  medic seed crops was conducted a t  Salamieh Research 

S t a t i o n  (near Hama, S y r i a ) ,  i n  November 1986. F i v e  t r a i n e e s  

p a r t i c i p a t e d  i n  t h e  course, which focused on seed bed p r e p a r a t i o n  

and sowing. The same p a r t i c i p a n t s  and two o the rs  f rom A l g e r i a  spent 

one week a t  Sal amieh d u r i n g  harvest .  They were t r a i n e d  i n  t h e  use 

of mowers t o  remove excess herbage, b a l i n g  o f  t h e  herbage, and us ing 

t h e  s u c t i o n  harvester .  



Medicago and T r i f o l  i u m  i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n :  Two 

t r a i n e e s  f rom t h e  Steppe and Range D i r e c t o r a t e ,  S y r i a ,  were t r a i n e d  

on i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  o f  medics and c l o v e r s  f rom 1-15 

A p r i l ,  1987. The course was designed t o  he lp  them t o  make 

c o l l e c t i o n s  f rom t h e  n a t i v e  S y r i a n  f l o r a .  

From 14 March t o  14 A p r i l  a  t r a i n e e  f rom t h e  Steppe and Range 

D i r e c t o r a t e ,  S y r i a  was t r a i n e d  on t h e  c a r r y i n g  c a p a c i t y  o f  n a t i v e  

p a s t u r e .  

One t r a l n e e  f rom Tchreen U n i v e r s i t y  ( L a t t a k i a )  v i s i t e d  ICARDA 

f rom 14 June t o  2 J u l y  t o  l e a r n  about q u a l i t y  assessment o f  pas tu re  

and forage p lan ts .  

Long Term T r a i  n i  ng 

Th is  t y p e  o f  h i g h l y  s p e c i a l i z e d  t r a i n i n g  i n v o l v e s  j u n i o r  

s c i e n t i s t s  f rom c o u n t r i e s  o f  t h e  r e g i o n  working w i t h  PFLP a t  ICARDA. 

The p a r t i c i p a n t s  a r e  i n v o l v e d  i n  research  o f  p a r t i c u l a r  i n t e r e s t  t o  

ICARDA and t h e i r  n a t i o n a l  programs and become f u l l y  i n v o l v e d  i n  t h a t  

aspect o f  t h e  Program's work. 

Medic seed product ion:  One o f  t h e  major c o n s t r a i n t s  r e s t r i c t i n g  t h e  

use o f  annual medics i s  l a c k  o f  exper jence i n  seed p roduc t ion .  

Therefore ,  a  t r a i n i n g  course f rom November 1986 t o  J u l y  1987, 

focused on p r a c t i c a l  aspects o f  medic seed p roduc t ion ,  i n c l  ud ing t h e  

e f f e c t  o f  graz ing,  and use o f  t h e  s u c t i o n  harvester .  Trainees were 

r e s p o n s i b l e  f o r  medic seed p r o d u c t i o n  i n  t h e i r  n a t i o n a l  programs, 

which i s  p a r t i c u l a r l y  impor tan t ,  s ince  PFLP hopes t o  r e l e a s e  medic 

c u l t i v a r s  i n  t h e  near f u t u r e .  

On f a r m  research  t r a i n i n g :  New techno1 ogy developed by PFLP i s  on1 y  

useable when t r a n s f e r r e d  t o  fa rmers '  f i e l d s .  From January t o  J u l y  

1987 two  t r a i n e e s  s t u d i e d  t h e  method01 ogy o f  forage-1 i vestock on 



f a rm t r i a l s .  They were i n v o l v e d  i n  t h e  on-farm research  a t  Breda 

and El Bab. 

D i f f e r e n t  aspects  o f  Sheep husbandry and n u t r i t i o n  f o r  9 months 

were t h e  sub jec t  o f  another course (November 1986 - J u l y  1987). 

T r a i n i n g  focused on management o f  exper imental  f l o c k s  ( m i l k i n g ,  

weighing, feed ing,  keeping records,  and a n a l y s i s  and r e p o r t i n g  o f  

feed ing  exper iments).  

Sen io r  r e s e a r c h  fell ow 

A sen io r  research  f e l l o w  f rom Sudan spent 4 months (March t o  

June 1987) w i t h  PFLP. He conducted an experiment on seasonal 

changes i n  herbage and q u a l i t y  o f  promis ing l i n e s  o f  V i c i a  spp and 

La thy rus  SJJ (see Chapter 4 ) .  He w i l l  r e t u r n  du r ing  t h e  same p e r i o d  

i n  1988 t o  complete h i s  research. 

T r a i n i n g  o f  T r a i n e r s  

So f a r ,  l i t t l e  a t t e n t i o n  has been g?ven  t o  improv ing t h e  q u a l j t y  

and re levance  of t h e  t r a i n i n g  be ing conducted by n a t i o n a l  programs 

themsel ves. S ince t h e y  a r e  beg inn ing  t o  i nc rease  t h e i r  own 

i n - c o u n t r y  t r a i n i n g  a c t i v i t i e s  t h e  funds r e c e i v e d  f rom UNDP f o r  a 

' t r a i n i n g  o f  t r a i n e r s '  p r o j e c t  a r e  t i m e l y .  Through t h e  UNDP 

p r o j e c t  PFLP s e l e c t e d  a Syr ian,  t o  be t r a i n e d  i n  t r a i n i n g ,  f o r  a 

p e r i o d  of two  years.  The t r a i n i n g  focuses on sub jec ts  r e l a t e d  t o  

s t reng then ing  such areas as needs assessment, c u r r i c u l  urn, and 

e v a l u a t i o n  and management o f  t r a i n i n g  courses. 



Graduate degree training 

There i s  a need i n  north Africa and west Asia for sc ien t i f i c  

staff  t o  plan and conduct research in the f ie ld  of pasture, forage 

and livestock improvement. PFLP can work jointly with Universities 

t o  select and help supervise graduate students. This cooperation 

establishes a 1 ink between scient is ts  a t  the Universities a n d  

ICARDA, and a t  the same time he1 ps t o  advance graduate studies,  with 

the overall objective of improving academic standards. PFLP has 

provided four places for graduate degree training in the l a s t  two 
years. - Ali M. Abdel El Moneim 



APPENDIX 1: REPORT OF M E  WINWENNIAL REVIEW (m) 
I N  1983 AN0 IMPLEMENTATION OF ITS RECDMMENDATIONS 

The QQR t o o k  p l a c e  i n  s p r i n g  1983. A t  t h a t  t i m e  t h e  Pas tu re  and 
Forage Improvement Program (now PFLP) . comprised f o u r  p r o j e c t s :  

f u r t h e r  c o l l e c t i o n  o f  germplasm (5% o f  t h e  budget), annual forage t o  

r e p l a c e  f a l l o w  (33%), annual pas tu re  t o  r e p l a c e  f a l l o w  ( 3 2 % ) ,  and 

r e j u v e n a t i o n  of marginal  1  ands (13%), t h e  remain ing resources (17%) 

be ing used f o r  t r a i n i n g  and a d m i n i s t r a t i o n .  There were two sen io r  

( i n t e r n a t i o n a l  ) s c i e n t i s t s  and a  Q2 l e v e l  ( reg iona l  ) t r a i n i n g  

s c i e n t i s t .  

Since t h e  QQR, and p a r t l y  as a  r e s u l t  of i t ,  l i v e s t o c k  and 

m i c r o b i o l o g y  research  have been, r e s p e c t i v e l y ,  complete ly  and p a r t l y  

t r a n s f e r r e d  from t h e  Farming Systems program (now Farm Resource 

Management Program) t o  PFLP. The recomnendations o f  t h e  QQR i n  

respec t  t o  these  s u b j e c t s  a r e  t h e r e f o r e  i n c l u d e d  i n  t h e  d iscuss ion.  

A sumnary of t h e  recomnendations and suggest ions,  and t h e  PFLP 

responses, a r e  1  i s t e d  be1 ow. 

1. Because t h e r e  i s  a  need t o  l i n k  t h e  work on pas tu res  and 

forages more c l o s e l y  t o  grazing-animal p r o d u c t i o n  t h e  QQR 

recommended t r a n s f e r  o f  ICARDA's l i v e s t o c k  work f rom FRMP t o  

PFLP. 

The t r a n s f e r  occur red e a r l y  i n  1984 and has r e s u l t e d  i n  

c l o s e  co -opera t ion  between p l a n t  and animal s c i e n t i s t s .  

Indeed t h e  l i v e s t o c k  group conducts research i n  a l l  e x i s t i n g  

p r o j e c t s .  

2. The QQR recomnended t h a t  a  t r a n s f e r  of e f f o r t  f rom 'annual 

fo rage  t o  r e p l a c e  f a l l o w '  t o  ' r e j u v e n a t i o n  o f  marginal  



l ands '  should t ake  p lace and t h a t  t h e  l a t t e r  should 

concentrate on pasture improvement of common l and  w i t h i n  t h e  

cereal zone and low r a i n f a l l  l a n d  j u s t  ou ts ide  t h e  cereal 

zone, using adapted annual medics o r  o ther  pasture species. 

Resources t o  marginal lands increased by 50% r e l a t i v e  t o  

t o t a l  resources between 1984 and 1987. I n  l i n e  w i t h  t h e  QQR 

t h i s  was achieved main ly  a t  t h e  expense o f  t h e  annual forage 

p ro j ec t ,  a l though i n  1987, as a r e s u l t  of some e x c i t i n g  new 

work, t he  l a t t e r ' s  budget was p a r t l y  res to red .  The 

remaining pa r t  of t h e  r e - a l l o c a t i o n  was from annual 

pastures, achieved by combining eco log ica l  surveys of 

range1 ands w i t h  c o l l  e c t i  ng pas tu re  germpl asm. Resource 

a l l o c a t i o n  s ince 1984 i s  shown i n  Table A.1. 

Table A.1. A l l o c a t i o n  o f  resources t o  t h e  4 research p r o j e c t s  

and t o  t r a i n i n g  and adm in i s t r a t i on  w i t h i n  t h e  Pasture, Forage and 

L ives tock  Program. 

P ro j ec t  

Annual pastures 30 25 23 23 

Annual forages 20 15 15 17 

marginal l a n d  14 20 23 22 

L ivestock management 16 20 24 23 

T ra i n i ng  ano aur , i i n i s t ra t ion  20 20 15 15 

Although t h e  QQR recornended t h a t  t h e  main t h r u s t  o f  

research i n t o  marginal lands should be use o f  adapted medics 

and other  species, i t  has been considered necessary t o  f i r s t  



study t h e  ecology of e x i s t i n g  pastures (preschedule ML l ) ,  

cons t r a i n t s  imposed by s o i l  f e r t i l i t y ,  and manipu la t ion o f  

pastures by graz ing management (preschedule ML 2) .  

3. The QQR recommended t h a t  t h e  p ro j ec t  on 'annual pastures t o  

rep lace  f a l l ow '  should be c a r r i e d  out as a j o i n t  p ro j ec t  

w i t h  t h e  FRMP t o  ob ta in  i npu t  f rom s o i l  s c i e n t i s t s  and crop 

agronomists. 

The two-course r o t a t i o n  experiment a t  Tel Hadya i s  

conducted j o i n t l y  by FRMP, PFLP, and t h e  Food Legume 

Improvement Program (FLIP). I n  t h i s  experiment FRMP has 

o v e r a l l  responsi b i l  i t y  i ncl  udi  ng a1 1 aspects o f  crop 

agronomy, w h i l e  PFLP conducts d e t a i l e d  work i n  t h e  

medic/wheat r o t a t i o n ,  and manages l i v e s t o c k  a c t i v i t i e s  i n  

t h e  mediclwheat and vetchiwheat r o t a t i ons .  I n  o ther  work 

FRMP con t r i bu tes  t o  on-farm experiments, a l though t h e i r  

c o n t r i b u t i o n  i s  main ly  l i m i t e d  t o  socio-economic matters. 

Indeed, i n  s p i t e  o f  i t s  emphasis on t h e  ba r l ey / l i ves tock  

system, FRMP has a l l o c a t e d  very few o f  i t s  resources t o  work 

on annual pastures. However PFLP i t s e l f  has developed a 

systems approach t o  i t s  annual pasture work, t h e  l a c k  o f  

which, we bel ieve,  was t h e  main c r i t i c i s m  o f  t h e  QQR. For 

example t he  on-farm research on medics (preschedule M 6 )  

inc ludes  s tud ies  o f  s o i l  f e r t i l i t y ,  t h e  ef fect  o f  phosphorus 

app l i ca t i on ,  t h e  importance o f  he rb ic ides ,  and i n t e r a c t i o n s  

between n i t r ogen  f e r t i l i z e r  and r o t a t i o n s .  

4. The QQR recommended t h a t  i n  order t o  acce le ra te  t h e  r a t e  a t  

which adapted pasture medics become ava i l ab l e  f o r  a wider 

range o f  environments, spec ia l  e f f o r t s  should be made t o  

ob ta in  eva lua t i on  data, and, where poss ib le ,  bu lk  seed 

suppl ies,  f rom other  p r o j e c t s  and o rgan iza t ions  a c t i v e  i n  

s i m i l a r  work i n  t h e  reg ion.  



The Program a c t i v e l y  co-operates w i t h  t h e  ADAB-sponsored 

p ro j ec t  i n  Jordan, and GTZ and USAID p ro j ec t s  i n  Morocco. 

It a l so  mainta ins contact  w i t h  t h e  South and Western 

A u s t r a l i a n  Departments o f  Ag r i cu l t u re ,  t he  two o rgan iza t ions  

who have wide experience of medics i n  I r aq ,  L ibya  and 

A lger ia .  It i s  a  co l l abo ra to r  w i t h  t h e  French Government's 

(INRA) p r o j e c t  on medics i n  A lger ia .  

However these p r o j e c t s  depend on using A u s t r a l i a n  medic 

c u l t i v a r s .  Since t hey  have become aware o f  ICARDA's work 

a l l  have commenced some screening o f  l o c a l  ecotypes, 

i n c l ud i ng  ICARDA germplasm. No bulk  suppl ies o f  seed are 

ava i l ab l e  from these p r o j e c t s :  indeed t h e  p r o j e c t s  

themselves are becoming dependent on bu lk  suppl ies of seed 

from ICARDA, r a t h e r  than  t h e  reverse. ICARDA takes great  

p r i de  t h a t ,  i n  t h e  years s ince  t h e  QQR, i t  has become a  

c l ea r  leader  amongst na t i ona 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  

i n  developing 1  ocal ly -adapted medics. 

M u l t i p l i c a t i o n  o f  seed under con t rac t  i n  South A u s t r a l i a  

was attempted i n  1985 and 1986. However harvest o f  seed i n  

A u s t r a l i a  takes place a f t e r  sowing t ime  i n  west Asia, and so 

a t  l e a s t  6  months i s  l o s t  compared w i t h  seed m u l t i p l i c a t i o n  

a t  Tel Hadya. Furthermore, seed y i e l d s  o f  y. r i g i d u l a ,  t h e  

species m u l t i p l i e d  i n  Aus t r a l i a ,  have been d isappoint ing.  

5. The QQR recommended t h a t  t h e  appointment of a  graz ing 

management s c i e n t i s t  t o  a s s i s t  t h e  work on grazed annual 

medic pastures and t o  increase t h e  t o t a l  i npu t  i n t o  research 

i n  l i v e s t o c k  systems should be g iven h ighest  p r i o r i t y  i n  

s t a f f !  ng. 

Dr A lan Smith was appointed t o  t he  Program i n  1985. He 

has es tab l i shed  s tock ing r a t e  experiments on medics grown i n  



r o t a t i o n  w i t h  wheat (preschedule L 13), and i s  s tudy ing t h e  

i n t e r a c t i o n s  between grazing, weed populat ion,  and medic 

seed p roduc t ion  i n  f i r s t  year pasture (preschedule L 29). 

6. The QQR recommended t h a t  i n  making f u r t he r  appointment t o  

PFLP, ICARDA should f i r s t l y  consider t h e  h igh  p r i o r i t y  f o r  

m i c rob i o l og i ca l  support t o  ensure t h e  a v a i l a b i l i t y  o f  

e f f e c t i v e  symbionts f o r  a l l  legumes s t r a i ns ,  and secondly 

t h e  need f o r  a s c i e n t i s t  w i t h  experience i n  grazed pastures 

i n  a Mediterranean environment (pasture eco log i s t ) .  On t h e  

other  hand i t  considered t h a t  t h e r e  was a reduced need for  

p l an t  disease s tud ies.  

As a r e s u l t  o f  s tud ies  i n  198314 it became c l ea r  t h a t  

l a c k  of i n o c u l a t i o n  was indeed one o f  t h e  major problems 

w i t h  medics. The appointment of a m i c rob i o l og i s t  was 

accelerated and D r  L u i s  Materon comnenced du t i es  i n  1984. 

He has worked on se l ec t i ng  r h i z o b i a  s t r a i n s  s u i t a b l e  f o r  M. 
r i g i d u l a ,  1. -, 1. m, and M. polymorpha, ( fo r  

example preschedul e M 18) and on developing appropr ia te  

i n o c u l a t i o n  procedures (preschedule M 20). 

It has not been poss ib le  t o  appoint  a pasture eco log is t .  

However D r  Ahmed Osman, who had p rev i ous l y  been working on 

t h e  agronomy o f  forage legumes, i s  now working on t h e  

p r o d u c t i v i t y  and ecology o f  marginal lands. The Program 

Leader, Dr P h i l i p  Cocks, i s  respons ib le  f o r  t h e  ecology o f  

medic pastures. 

The P lan t  Pa tho log is t ,  D r  Omar Mamluk, was t r a n s f e r r e d  

t o  t h e  Cereal Program i n  1983. 

7. The QQR recommended i n c l u s i o n  o f  socio-economic expe r t i se  

w i t h  t h e  l i v e s t o c k  work i n  PFLP. 



Since t h e  socio-economi s t s  i n  FRMP co l l abo ra te  c l o s e l y  

w i t h  s c i e n t i s t s  i n  PFLP, e s p e c i a l l y  i n  on-farm research and 

surveys of farming p rac t i ce ,  i t  was not considered necessary 

o r  des i rab le  t o  s p l i t  t h e  small economics sec t i on  o f  FRMP. 

The present s i t u a t i o n  i n  r ega rd  t o  c o l l a b o r a t i o n  w i t h  FRMP 

i s  most sa t i s f ac to r y ,  however PFLP views w i t h  some concern 

t h e  l a c k  of numbers i n  t h e  socio-economic group and be l ieves  

t h a t  t h e r e  i s  a  need f o r  more farm-management economists. 

8. The QQR suggested t h a t ,  as resources permit ,  f u r t h e r  survey 

work on l i v e s t o c k  should be c a r r i e d  out on 1  i ves tock  systems 

beyond Syr ia ,  and espec ia l l y  i n  Tunisia.  It suggested t h a t  

emphasis should be placed on t h e  r o l e  of l i v e s t o c k  as 

s t a b i l i z i n g  agents f o r  economic su r v i va l  i n  fa rm ing  

environments w i t h  h i g h l y  va r i ab l e  r a i n f a l l .  

I n  response t o  t h i s  suggest ion t h e  FRMP p r o j e c t  i n  

Tunis ia  has used Tunis ian l i v e s t o c k  s c i e n t i s t s  - apar t  from 

an adv isory  r o l e  PFLP has not been ex tens ive ly  invo lved.  I n  

other work t h e  emphasis on l i v e s t o c k  as  a  s t a b i l i z i n g  f a c t o r  

i s  g iven  very h i gh  p r i o r i t y ,  e s p e c i a l l y  t h e  i n t e g r a t i o n  o f  

l i v e s t o c k  w i t h  cereal product ion,  b i o l o g i c a l  n i t r ogen  

f i x a t i o n  through t h e  use of legumes, and t h e  economic 

importance of 1  i ves tock  i n  generat ing cash flow. 

9. The QQR suggested t h a t  t h e  p roduc t ion  p o t e n t i a l  o f  l o c a l  

sheep be examined under a  range o f  n u t r i t i o n a l  cond i t i ons ,  

espec i a l l y  t h e  i n t e r a c t i o n  between n u t r i t i o n ,  t ime  o f  

mating, f requency of lambing, t ime  of weaning, and l a c t a t i o n  

per iod. 

Three f l o c k s  were mainta ined a t  low, medium, and h i g h  

planes o f  n u t r i t i o n  (preschedule L  1).  Most o f  t h e  fac to rs  

mentioned were s tud ied,  and t h e  Program i s  now g radua l l y  



phasing out t h i s  work t o  r ep l ace  it w i t h  on-farm experiments 

using pastures and l i v e s t o c k ,  and t h e  development o f  g raz ing  

management and r o t a t i o n  s tud ies  a t  Tel Hadya. 

10. I n  emphasizing t h e  importance of graz ing management s tud ies  

t h e  QQR be l ieved  t h a t  such s tud ies  are r equ i r ed  throughout 

t h e  reg ion.  

Resources have not permi t ted  t h e  extens ion o f  g raz ing  

management s tud ies  beyond Syr ia .  However, w i t h i n  Syr ia ,  an 

experiment us ing  medic pastures was c o m n c e d  i n  1986187 a t  

Kamishly, i n  c o l l a b o r a t i o n  w i t h  t h e  L ivestock Research 

D i r ec to ra te  o f  t h e  M i n i s t r y  of A g r i c u l t u r e  and Agra r ian  

Reform (preschedule L 34). It i s  proposed t o  e s t a b l i s h  an 

experiment on graz ing management o f  ed i b l e  shrubs on 

marginal l a n d  w i t h  t h e  Steppe and Range D f rec to ra te  

(preschedul e ML 12). 

Th is  work i s  best extended beyond Syr ia  by exposing t h e  

Sy r i an  work t o  reg iona l  s c i e n t i s t s  dur ing t r a i n i n g  courses, 

workshops, and seminars. Grazing management w i l l  be 

ex tens ive ly  discussed dur jng t h e  PFLP/FLIP workshop on t h e  

p lace o f  legumes i n  farming systems, t o  be h e l d  i n  1988. 

11. The QQR suggested t h a t  r e g u l a r  ve te r i na r y  screening f o r  

ex te rna l  and i n t e r n a l  pa ras i t es  be in t roduced  through 

arrangements w i t h  r e l evan t  na t iona l  agencies. 

The secondment o f  Dr G i r o  O r i t a  through t h e  Japanese 

I n t e r n a t i o n a l  Cooperation Agency ( J I C A )  made it poss ib le  t o  

comnence a study on t h e  inc idence  and frequency of 

g a s t r o - i n t e s t i  nal pa ras i t es  (preschedule L 5 ) .  This work 

has r e c e n t l y  extended f rom Tel Hadya t o  v i l l a g e  work a t  Tah 

(south of Aleppo) and E l  Bab (nor th-east  o f  Aleppo). 



12. The QQR suggested t h a t  i t might be useful  t o  t e s t  

l o c a l  ly -devel  oped g e n e t i c a l l y  improved Awassi sheep on 

pastures and forages. 

It has not been poss i b l e  t o  respond t o  t h i s  suggestion. 

However PFLP be l ieves  t h a t  i t  i s  important t h a t  bo th  hea l t h  

and gene t i c  cons t r a i n t s  t o  p r o d u c t i v i t y  are considered when 

developing pasture and forage based farming systems (see 

Chapter 1). To t h i s  end i t  i s  proposed t o  develop and 

s t rengthen animal hea l t h  and gene t i c  s tud ies  i n  r e l a t i o n  t o  

improved n u t r i t i o n .  

13. The QQR be l ieved  t h a t  ICARDA should not become i nvo l ved  i n  

research i n t o  goats or draught animals. 

To date t he re  has been no research i n t o  e i t h e r  o f  these 

subjects.  However, s ince  most f l o cks  are i n  f ac t  m ix tu res  

of sheep and goats, i t i s  des i rab le  t ha t ,  i n  determin ing 

graz ing management s t r a t eg i es ,  mix tures o f  goats w i t h  sheep 

be included. There i s  s t i l l  no i n t e n t i o n  t o  work w i t h  

draught animals. 



APPENDIX 2: RECWENDATIONS OF A WORKSHOP TO DISCUSS FUTURE 

PRIORITIES FOR ICARDA RESEARCH ON SMALL RUMINANTS 

I N  MEDITERRANEAN AREAS 

I n  making i t s  recomnendations t o  CGIAR t h e  TAC P r i o r i t i e s  Review 

noted t h a t  'smal l  ruminants  a re  very impor tant  i n  t h e  p roduc t ion  

systems of farmers w i t h  few resources, and have rece ived  l i t t l e  

a t t e n t i o n  i n  t h e  past; t h e  na t iona l  systems are weak; and t h e  demand 

p ro j ec t i ons  f o r  sheep and goat products  up t o  t h e  year  2000 i n d i c a t e  

t h a t  t h e  gap between p roduc t ion  and consumption i s  inc reas ing  fas te r  

than f o r  o ther  food  commodities'. The Review went on t o  i d e n t i f y  

small ruminant research i n  no r t h  A f r i ca  and west Asia as a p r i o r i t y  

area. 

ICARDA responded t o  t he  CGIAR study by consu l t i ng  w i t h  NARS and 

ou t s i de  exper ts  a t  a Workshop he ld  i n  Aleppo from 30 November t o  3 

December, 1987. The Workshop considered t h r e e  main areas of 

research - ruminant n u t r i t i o n ,  animal genet ics ,  and animal hea l t h  - 
and developed a se r i es  o f  recommendations f o r  each. It was not 

s p e c i f i c a l l y  asked t o  d iscuss t h e  work on pastures and forages, bu t  

t o  concentrate on t h e  1 i vestock d i s c i p l i n e s  instead. The 

Proceedings w i l l  be pub l i shed  by K l  uwer Academic Pub l i shers  and 

should appear e a r l y  i n  1989. 

E ~ p e r t s  f rom Aus t r a l i a ,  Cyprus, Egypt. E th iop ia ,  France, 

Germany, Jordan, ~ o r o c c o ,  The Nether1 ands, Syr ia ,  Turkey, t h e  Un i ted  

Kingdom, and t h e  Un i ted  S ta tes  o f  America at tended t h e  meeting, 

which a1 so inc luded  represen ta t i ves  f rom ILCA and ACSAD. 

Recomnda t i ons  o f  t h e  Workshop ( i n  order o f  p r i o r i t y )  a re  

presented under t h r e e  headings: ruminant n u t r i t i o n ,  small ruminant 

genet ics ,  and animal heal th .  The Workshop recognized t h a t  ICARDA 

would need add i t i ona l  resources t o  conduct most of t h i s  work. 



Rminant n u t r i t i o n  

Crop res idues :  t h e  present emphasis was h i g h l y  comnended and i t  

was f e l t  t h a t  ICARDA was a l ready  a leader  i n  t h i s  f i e l d .  The 

o r i o r i t i e s  f o r  t h e  f u t u re  were seen as f o l l ows :  

- complet ion o f  research on deg radab i l i t y  and i n t a k e  of 

cereal straws; 

- development o f  method01 ogies t o  a s s i s t  cereal breeders 

screen l a r g e  numbers o f  genotypes; 

- use o f  new techniques (eg i n f r a r e d  spectroscopy) t o  

i n c l ude  measurement o f  f i b r e  and l i g n i n ;  and 

- e f f e c t  of mineral  and p r o t e i n  content o f  straws on 

vol un ta ry  in take .  

Annual medics: t h e  work on medics t o  rep lace  fa l lows  was 

considered t o  have enormous i m p l i c a t i o n s  f o r  t h e  reg ion ,  and, 

a l though not i n  t h e i r  terms o f  re ference,  t h e  Workshop urged ICARDA 

t o  focus on management methods. 

Feed resowce/genotype i n t e r a c t i o n s :  t h e  Workshop consi  dered 

t h i s  t o  be a complex area and urged p re l im ina r y  work on ' improved'  

and unimproved' genotypes as f o l l  ows: 

- vo lun ta ry  i n t a k e  o f  t h e  d i f f e r e n t  genotypes; 

- r a t e  o f  f l o w  of d i f f e r e n t  f eeds tu f f s  through t h e  d i ges t i ve  

t r a c t  o f  improved and unimproved genotypes; and 

- s e l e c t i o n  o f  extreme a n i m l  s t o  r e l a t e  performance w i t h  

feed in take .  



Supplementary feeding: s t r a teg ies  t o  improve t he  u t i l i z a t i o n  of 

stubbles, rangelands, and n a t i v e  pastures need t o  be developed. 

Reconendat ion were t o :  

- consider t h e  r o l e  of urea and sulphur molasses b locks t o  

improve u t i l i z a t i o n  of 1 ow-protein feeds; 

- develop methods of admin is te r ing  anthel m in t i cs ,  t r a c e  

elements and vi tamins through blocks; and 

- determine t h e  optimum s t ra tegy  f o r  feeding other  

supplements such as bran and barley. 

P a l a t a b i l i t y  of forage legunes: research i s  needed t o  study 

a n t i - q u a l i t y  factors ,  espec ia l l y  i n  forage peas, bu t  a l s o  i n  other  

forage legumes where appropriate. 

Grazing b e h v i o u r :  t h i s  was seen t o  be an important t o p i c  i n  

mixed f l o c k s  o f  sheep and goats, and i n  p a r t i c u l a r  a need was seen 

t o :  

- determine t h e  ac tua l  n u t r i e n t s  consumed by cannulated 

sheep and goats i n  var ious graz ing s i tua t ions ;  and 

- f i n d  out t h e  optimum r a t i o  of sheep and goats for  weed 

con t ro l  i n  pastures, most e f f i c i e n t  u t i l i z a t i o n  o f  

pastures, and maximum fa rm p r o f i t a b i l i t y .  

Adaptat ion t o  t h e  e n v i r m n t :  t he  Awassi sheep a re  adapted t o  

an environment w i t h  f l u c t u a t i n g  n u t r i e n t  supply. Research was 

recomnended t o :  

- f i n d  out how best t o  u t i l i z e  body f a t  reserves; 



- r e l a t e  use of f a t  reserves t o  t ime  o f  lambing; 

- r e l a t e  f a t  u t i l i z a t i o n  w i t h  p r o t e i n  i n t a k e  and t h e  r o l e  o f  

undegraded d i e t a r y  p ro te in ;  and 

- determine how t o  reduce rumen deg radab i l i t y  of l o c a l l y  

a v a i l a b l e  sources of p ro te in .  

Water metabolbsm: t h e  ef fect  of sa l i ne  water on product ion,  and 

t h e  reasons f o r  d i f f e ren t  performance between genotypes and species 

d r i n k i n g  sa l i ne  water need t o  be determined t o  formulate t h e  best 

s t r a t eg i es  f o r  l i v e s t o c k  p roduc t ion  where suppl ies o f  f resh  water 

a re  l i m i t e d .  

Co l l abo ra t i on  with advanced i n s t i t u t i o n s :  a number o f  

i n s t i t u t i o n s  expressed wi 11 ingness t o  c o l l  aborate w i t h  ICARDA. 

Amongst these were Cornel l  Un i ve r s i t y ,  t h e  Rowett I n s t i t u t e ,  and Wye 

College, a l l  of whom were prepared t o  ac t  as consul tants ,  and, w i t h  

ICARDA, co-supervise post-graduate s tud ies  i n  which f i e l d  work would 

be conducted a t  Tel Hadya o r  i n  o t he r  WANA i n s t i t u t e s .  

Small ruminant gene t i cs  

E f f i c i ency  o f  feed u t i l i z a t i o n :  ob j ec t i ves  should i nc l ude :  

- comparison of t h e  e f f i c iency  o f  d i f f e r e n t  sheep genotypes 

i n  u t i l i z i n g  straw, o ther  crop byproducts, pastures, and 

forages; and 

- determinat ion o f  t h e  best way of managing improved sheep 

genotypes i n  extens ive and i n t e n s i v e  farming systems. 



Survey of sheep and goat breeds: i n fo rmat ion  needs t o  be 

c o l l e c t e d  and c o l l a t e d  on t h e  e x i s t i n g  gene t i c  weal th  o f  sheep and 

goats and i t s  u t i l i z a t i o n  i n  l i ves tock -p roduc ing  farming systems. 

Dewlopent  of  methodologies t o  evaluate inproved livestock: 

ob jec t i ves  should be t o :  

- develop methods o f  screening populat ions f o r  s p e c i f i c  

characters  (eg m i l k  product ion, disease res is tance) ;  

- analyse genotype X environment i n t e rac t i ons ,  espec ia l  1 y i n  

r e l a t i o n  t o  e x i s t i n g  s tock ing  r a t e  experiments; 

- determine t h e  e f f e c t  o f  breeding season on r ep roduc t i on  

and o ther  t r a i t s ;  and 

- compare improved and unimproved genotypes on farmers'  

f i e l d s ,  i n c l u d i n g  t h e  e f f e c t  of r e l eas i ng  ' improved s i r e s '  

on f l ock  p r o d u c t i v i t y .  

Eva1 uation of breeding objectives: i n  r e1  a t i o n  t o  e x i s t i n g  

farming systems and t h e  economic s i t u a t i o n  o f  farmers t h i s  should 

inc lude :  

- an assessment o f  t h e  Awassi i n  r e l a t i o n  t o  use o f  more 

f requent  breeding systems; 

- economic assessment ( i n c l ud i ng  a1 1 owance f o r  t h e  p r o v i s i o n  

o f  adequate feed) o f  i n c reas i ng  t h e  tw inn i ng  r a t e  of 

Awassi sheep; 

- eva lua t i on  o f  t h e  s i gn i f i cance  o f  improv ing wool q u a l i t y  

and quan t i t y ;  and 



- ass is tance i n  t h e  fo rmat ion  o f  networks t o  develop and 

evaluate na t iona l  breeding schemes. 

A n i ~ l  hea l t h  

Paras i to logy:  t h e  present s tud ies  a t  ICARDA headquarters and on 

farmers '  f i e l d s  should be mainta ined and broadened t o  ob ta i n  a  more 

general p i c t u r e  o f  disease cons t r a i n t s  us ing e x i s t i n g  and improved 

feeding systems. 

Adaptat ion o f  technology t o  con t r o l  diseases: i t  was be l i eved  

t h a t  many of t h e  technolog ies t o  con t r o l  diseases appropr ia te  i n  t h e  

developed wor ld  a re  i napp rop r i a t e  t o  developing countr ies.  It was 

r e c o m n d e d  t h a t  : 

- soc i a l  and economic cons t r a i n t s  t o  u t i l i z a t i o n  o f  modern 

disease con t r o l  techniques be determined; 

- on-farm research t o  develop appropr ia te  technolog ies be 

comnenced w i t h  an i n i t i a l  emphasis on con t ro l  of ex te rna l  

and i n t e r n a l  paras i tes;  and 

- t h e  r o l e  of gene t i c  con t r o l  of diseases should be 

inves t iga ted .  

F lock  management: concern was expressed t h a t  t h e  h e a l t h  o f  

ICARDA's own f l o ck  &y be a t  r i s k .  It was emphasized t h a t  ICARDA's 

p r i o r i t y  i s  r i g h t l y  t h e  p r o v i s i o n  o f  improved feeding systems, and 

t o  ensure t h a t  l i v e s t o c k  p l ay  t h e i r  proper p a r t  i n  such research 

ICARDA should: 



- i nc l ude  a comprehensive f l o c k  h e a l t h  program i n  i t s  

management s t ra tegy;  

- quarant ine new sheep and goat i n t r o d u c t i o n s  u n t i l  

vacc ina t ions  t ake  e f f e c t ;  

- mai n t a i n  enzoot ic  s t a b i l i t y  aga ins t  endemic diseases by 

cont inued contact  w i t h  l o c a l  sheep th rough  g raz ing  o f  t h e  

same pastures i n  succession, wh i l e  a t  t h e  same t ime  

avo id ing  d i r e c t  contact ;  and 

- develop an a b i l i t y  t o  diagnose and t r e a t  diseases as they 

occur. 
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